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PREFACE.

During the earlier period of chemistry as an exact scienc. « je.ceocceae
distinction was created by mineral chemists between common and rare
elements. Only a few of the latter had been isolated from a small
number of scarce minerals ; the methods for their detection and estima-
tion were uncertain; their application in the arts was negligible.
Though briefly dealt with in text-books, they were neglected in the
lecture-room and in the laboratory.

The advances made by scientific and industrial research, especially
during the last decade, have brought about a complete and permanent
change. Only the rarest elements have not yet been put to some prac-
tical use; othcrs, supposed to be of scanty occurrence, have been found
to be universally distributed, though in small quantities; a few have
been discovered in local deposits of considerable magnitude; whilst
several have now definitely taken their place as indispensable adjuncts
of metallurgical and chemical industry.

While this revolution has been, and still is, going on, the old arbitrary
separation into common and rare elements is still adhered to by most
writers and teachers, with the result that the training of the future
chemist can hardly be said adequately to prepare him for present-day
requirements. The older professional man, if confronted with the
unfamiliar subject in his practical work, has to glean his information
from original communications scattered amongst the vast output of
technical literature, as not one of the otherwise excellent handbooks
on ore analysis contains anything like a complete list of the rarer
elements.

The present volume represents an endeavour on the part of its
authors to bring the analysis of minerals of the rarer elements into line
with that of their more abundant relatives, the descriptions of the
operations of mineral analysis being preceded in cach case by concise
information on the general and analytical chemistry, as well as the
mineralogy, of the element under treatment. In this form the book
will, we trust, appeal to the analyst or metallurgist in actual practice,

ell as to the student who ha§ mastered the chemistry of the common
el ts, and become proficient in the analysis of their ores.

A uniform plan has been adhered to throughout the book so as to
facilitate reference. The elements follow each other in the order of
the groups of the Periodic System. The text-matter for each element
is arranged in the following sequence, though one or several headings
may be omitted :—
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- GENERAL INFORMATION.
Minerals.
Properties and Compounds.
Quantitative separation.
Estimation (Gravimetric, Volumetric, and Colorimetric).

MINERAL ANALYSIS.
Detection in ores.
Determination in ores.
Impurities in ores.
Complete analysis of ores.
Technical methods.

In writing a book of this kind a certain amount of compilation of
the work of others is not only unavoidable, but desirable. No chemist,
however experienced, has opportunity to test all the methods covering
so vast a subject, and he must therefore rely to a certain extent on the
experience and judgment of others if he aspires toward completeness.
We have endeavoured as much as possible to describe methods which
we have found to be reliable. In some cases processes were specially
tested before being included, in others we have devised original methods
or combinations.

Whilst some of the best books are claimed by their writers not to
be anything but compilations, collation of other standard works some-
times discloses the same omissions of information on certain analytical
problems. Thus the fact that we were unable, in spite of diligent
search, to find a method for the separation of molybdenum from anti-
mony in chemical literature cannot be due to mere coincidence. The
same remark applies to the separation of palladium from silver. In
both cases we worked out a new method of separation.

Brevity has been aimed at so as to reduce the size and price of the
volume ; as it is not intended for beginners, illustrations have been
omitted, while equations are almost entirely confined to volumetrie
methods. With the same object in view no general index has been
included, but two smaller ones have been substituted, the first containing
the minerals and the second the separations. For the rest, we hope
the uniform treatment of the text-matter and the numerous cross-refer-
ences render a general index unnecessary.

A special feature of this book is the prominence accorded to complete
analysis, a scheme for which is given in nearly every case in which a
compound of the clement under treatment occurs as a distinct mineral
species. To avoid undue length and repetition, the directions for
complete analyses have been very briefly outhned in tabular form ;
the tables must be taken as merely showing in what manner the mineral
is resolved into its constitucnts by the trcatment indicated, and all
details as to the opcrations involved must be looked up elsewhere in
the book. We would even advise those more or less unfamiliar with the
subject, before undertaking a complete analdysis, to map out the scheme
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after the model of the table, but with full directions included. Some-
times a constituent will be found placed in more than one section of a
table, showing that it is not wholly obtained in one fraction. .

This little work is probably the first in which the complete analysis
of rare-element minerals has received systematic treatment. We are
quite content to draw upon our methods the fire of adverse criticism,
provided it be constructive as well as destructive. In this manner will
progress be achieved, for hitherto the methods of complete analysis
have been very inadequately discussed. Hillebrand, in his admirable
exposé of rock analysis, has shown the multitude of pitfalls that beset
the determination of the most common constituents of the Earth’s
crust ; what, then, must be the position with regard to the complex
mixtures of the rarer minerals? We shall therefore welcome any
suggested improvements, which will be embodied and acknowledged in
a possible future edition.

The following books and treatises have been consulted for data
reproduced in these pages: Dana’s System of Mineralogy, Cahen and
Wootton’s Mineralogy of the Rarer Metals, Levy’s Rare Earths for
mineralogical data ; Newton-Friend’s Text-book of Inorganic Chemistry,
Roscoe and Schorlemmer’s Treatise on Chemistry, Gmelin - Krant’s
Handbuch der anorganischen Chemie for the gencral chemistry ;
Crookes’s Select Methods of Chemical Analysis, Mellor’s Treatise on
Quantitative Inorganic Chemistry, Rudisule’s Nachweis, Bestimmung
und Trennung der chemischen Elemente, and numerous original papers
and communications for details of analytical procedure.

W. R. S.
A. R. P.
LonDpoON
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THE
ANALYSIS OF MINERALS AND ORES
OF THE RARER ELEMENTS.

CHAPTER 1.
INTRODUCTION.

GENERAL information concerning certain manmipulations and apparatus,
of importance in mineral analysis, has been placed 1n this introductory
section.

All temperature readings are given in degrees Centigrade.

(a) Crushing Samples for Analysis.—The success of a mineral analysis
depends in many cases on the amount of care with which the crushing
has been carried out. If the material is a sulphide ore, fine grinding 1s
not so cssential, a fineness of —100-mesh being in most cases sufficient.
Oxide minerals, however, require much more elaborate grinding, especi-
ally the erystalhised varneties found in metamorphic rocks and alluvials.
Such material must be crushed to an mmpalpable powder, which is best
done m the following manngr: The sample 15 first erushed to —-100-
mesh size as usual, screened, and carefully quartered down until the
weight 15 reduced to 2-3 grm.  This 15 placed 1 an agate mortar, and
enough water added to form a thick paste, which is thoroughly ground for
fifteen minutes or until all grittiness has disappeared. The contents
of the mortar arc then transferred to a flat basin with a minimum of
distilled water from a wash-bottle ; the dish 15 given a rotary motion,
and the water slowly decanted into a similar basin, Washing and
decantation are repeated until the slimed material has been separated
from the fine sandy matter. The latter 1s rinsed back into the mortar
with very little water, again ground, and all the operations repeated
until the whole of the sample has becn shhmed. The aqueous suspension
is evaporated to dryness on a steam-bath; the residue after thorough
mixing is ready for weighing.

In many cases, especially with mincrals contaming ferrous com-
pounds, it is advisable to grind the sample under absolute alcohol free
from fixed residue, and to allow the alcohol to evaporate at room tem-
perature. These precautions have been found nccessary to prevent
oxidation of the fine powder during crushing and drying.

(b) Contamination in Crushing.—When a mincral is being crushed
or ground it tends to cxert an abrading action on the grinding surfaces,
and if it is harder than the material of the crusher, a more or less con-

siderable amount of the latter will find its way into the sample. Con-
1
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tamination is greater in the case of friction than when concussion is
employed. Thus a muller and slab (bucking plate) should not be used
for any but very soft material ; it has its use in preparing samples for
works assays, but the risk of contamination is too great for exact analyti-
cal work. A cast-iron or steel mortar answers well for breaking up
lumps by pounding them, but it should be carefully tested for its resist-
ance to abrasion by friction, using quartz powder or sand previously
extracted with strong hydrochloric acid. Porcelain or Wedgwood
mortars and pestles suffer a decided loss when used on material the hard-
ness of which exceeds 6. Agate 1s most commonly used for fine grind-
ing, but it is hkewise worn away by minerals of hardness 7 and over.
For such products, the best procedure consists in grinding them in a
steel mortar that has been 1n use for some time, and extracting the fine
powder under water with a horseshoe magnet or magnetised knife-
blade. This mode of working is not applicable to ores containing
strongly magnetic minerals, e.g. magnetite. The hardest mincrals being
almost invariably insoluble 1n acids, the powder may also be extracted
with very weak hydrochloric acid or, what is preferable, iodinc water.
The procedure to be adopted depends on the nature of the material.

(¢) Contamination by Fusion.—This may be due to (1) corrosion of
the crucible, or (2) impurities 1n the fluxes used.

(1) Corroswon of the Crucible—Platinum is slightly attacked by
fused alkalme carbonate, more so by bisulphate or nitrate, and rather
strongly by cyamde, hydroxide, or pcroxide. The metal introduced into
the analysis 1s eliminated by precipitation with hydrogen sulphide.

Silver crucibles arc very uscful for fusions with alkaline hydroxide
and nitrate ; though a hittle silver goes into solution, 1t 1s readily elimi-
nated as chloride or sulphide. The mectal being easily obtained in the
pure state, no other impuritics are introduced through the use of a
crucible obtained from a rchable source. The decomposition of silicates
can be accomphshed by fusion with sodium hydroxide in a silver crucible ;
the only precaution to be obscrved 1s, not to use a blast, Teclu, or
other powerful burner, for fear of melting the silver.

Copper 1s a very good substitute for silver; thc metal is almost
chemically pure, and though a good deal of attack takes place 1in a
peroxide fusion, the removal of the dissolved copper by hydrogen
sulphide gives no trouble.

Nickel crucibles are widely used for peroxide fusions in the determi-
nation of single constituents. They must not be employed for fusion
assays involving the cstimation of base metals, because the degree of
purity of the mctal 1s rather uncertain. Thus a crucible analysed by
one of the authors (‘ Remnickel ” brand) was found to contain 0 14
per cent. of copper, 0-81 of iron, 0-81 of manganese, 0-07 of cobalt, and
0:06 of magnesium. Silicon is also a lhikely impurity. The above
remarks apply also to i¢ron crucibles.

Silica crucibles cannot, of course, be used for fusions with alkaline
fluxes, but are very serviceable for bisulphate, and fairly so for cyanide,
fusions.
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(2) Impurities in the Fluzes.—Contamination due to this cause
can be guarded against and allowed for by running blank tests on
every fresh supply of material, even that sold as chemically pure. If
the blank is excessive, the bottle should be rejected. The most diffi-
cultly obtainable pure flux is probably potassium (sodium) cyanide.
This should be tested particularly as to its sulphide content, by shaking
a solution of 5-10 grm. with a little bismuth hydroxide, the darkening
of which indicates the presence of sulphur.

(d) Jones’ Reduector.'—This apparatus is very convenicent for the
rapid reduction of solutions prior to titration with permanganate. It
consists of a cylindrical funnel (100 c.c. capacity) mounted on a glass tube
18 in. long and % in. wide. The upper end of the tube carries a glass tap
just below the funnel; the lower drawn-out end reaches through a
rubber stopper into, and below the side tube of, a vacuum filtration flask.
The funnel contains a 1-in. layer of coarsely-powdered calcined quartz
supported by a filter plate, while the tubce 1s filled with 20- to 80-mesh
ordinary, or prefcrably amalgamated, zine as free from 1ron as possible.

The reductor 1s prepared for use by pouring 100 c.c. of cold 5 per cent.
sulphuric acid into the funnel and gently opening the tap whilst applying
suction to cause a slow current of acid to flow through the zine. 'The
zine is then washed five times with water, and the tap closed while the
tube is full of water. The filtration flask 1s then cmptied and washed.
This acad wash 1s always applied before use.

For the reduction, the solution 1s transferred to the funnel, and slowly
passed through the zinc column. When the funnel 1s nearly empty its
sides arc rinsed down, after which the reductor 1s washed with acid
followed by water as above, taking care to keep the zinc column always
covered with Iiquid. The solution 1s titrated immediately, the reductor
being agam ready for use. The deduction for ron in the zine 1s ascer-
tained by a blank test. *

(e) Filtration and Ignition of Gelatinous and Slimy Precipitates,—
The tedious operation of filtering and washing precipitates of a gclatinous
nature is greatly accclerated by adding pulped filter fibre to the solution
before precipitating. The pulp 1s prepared by beating and stirring
an ashless 9 or 11 cm. filter with a little hot water in a beaker until
completely disintegrated. In addition to the greater speed thus
obtained the filtrate is gencrally free from cloudiness, while the precipi-
tate upon ignition yields a light, finely subdivided product easily attacked
by solvents or fluxes. Ferric oxide thus obtained is readily soluble in
hydrochloric acid. Other elements 1n the determination of which
this expedient is of great value are aluminium, titanium, columbium,
tantalum, zirconium, etc.

(f) Use of Spectroscope in Analysis.—The various kinds of spectra
and their use in analysis are :(—

(1) Flame spectra are produced when the light from an incandescent
compound of the element is cxamined through the spectroscope. The

! For a photograph of Jones’ reductor see Mellor's Quantitative Inorganic Analysis,
p. 191,
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compound chosen for the test should be slightly volatile ; usually the
chloride gives the best results. The alkalies, alkaline earths, indium,
and thallium give characteristic flame spectra; in fact the latter two
metals as well as cesium and rubidium were discovered by means of
the spectroscope.

(2) Spark spectra are produced by allowing a powerful spark to pass
between poles made of pure porous carbon and impregnated with a
solution of a salt (preferably the chloride) of the metal under cxamina-
tion. They may also be produced by connecting the solution of the salt
with the negative terminal of an induction coil and passing the spark
from a positive pole of platinum suspended just above the surface of the
hquid. This latter method is usually employed 1n the identification of the
rare carths, solutions of whose salts give characteristic spark spectra.

(8) Arc spectra.—The substance under mvestigation is placed on
the positive carbon, or mn a hole bored along its axis. The arc is then
struck between the poles, and the spectrum examined as usual.

(4) Absorption spectra arc best observed by allowing the light from
a Nernst lamp to pass through a dilute solution of the substance, con-
tained 1 a parallel-walled glass vessel.  Absorption occurs not only
in the visible regron but also m the ultra-violet and infra-red ; gado-
linium salts, m fact, have an absorption speetrum in the ultra-violet,
but nonc in the visible region. If it 15 desired to examime such 1n-
visible absorption spectra, rccourse must be had to photography ;
a quartz prism and lenses must then be used, as glass absorbs the
ultra-violet rays.

The speetra are measured by comparison with an iron arc spectrum,
and, if a permancent record 1s required, the two speetra are photographed
shightly overlapping one another. The part of the band measured 1s
that in which absorption is most intense (z.e. the darkest part). This
1s called the *“ head,” and need not necessarily be in the middle of the
band, but its position is always very nearly the same and 1s independent
of the dilution. The width and mtensity of the bands vary inversely
with the concentration and directly with the thickness of the absorbing
layer. As the intensity of the bands is a measure of the concentration
of the matenal producing them, an examination of the absorption
spectrum of a solution furnishes valuable data as to the progress of a
fractional crystallisation for the separation of the rarc earths, especially
of the cerium mectals, all of which give characteristic spectra.

The strength, width, and position of the bands are usually affected
by the nature of the solvent; mineral acids, for example, render the
neodymium bands weaker, more diffuse, and wider towards the red end of
the spectrum. Again, other substances in solution usually diminish the
intensity of the bands, whercas rise of temperature has the opposite effect.
All these points require to be considered when examining absorption
spectra, otherwise erroneous conclusions are likely to be drawn.

(5) Phosphorescence spectra are produced when substances are sub-
jected to the cathode discharge in Crookes’s tubes. This method has
proved very useful in work on the rare earths.
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(6) Spectra of gases are observed by passing an electric discharge
through the rarefied gas enclosed 1 a Geissler tube.

(8) Eleetroscope.—Thc following description of an clectroscope for
the accurate determination of radium is taken from Bulletin No. 104
of the U.S. Bureau of Mines; 1t is that used by C. L. Parsons and
his collaborators in the National Radium Institute.!

The mstrument consists cssentially of two nickel-plated brass
chambers connected by a collar of the same metal, filled with sealing-
wax. The upper or leaf chamber 1s a cylinder, 3} mn. in diameter
and 1% in. deep, the axis of which is horizontal. An aperture at the top
of the cylinder, of the same dimensions as the collar at the bottom, is
also filled ‘with scaling-wax, mto which 15 embedded a rectangular
brass bar 2} . long, which scrves to carty the leaf system.  The leaf
itsclf 15 2 . long and } . broad ; it 1s made of aluminium, and 1s
affixed to the upper part of the brass bar; the lower part of the latter
carries a brass spring which hghtly touches the knob of a eross-rod, which
latter passes through the collar mto the emanation or gas chamber,
where 1t terminates 1n a cylindrical brass clectrode § 1n. in diameter.

A brass rod for chargmg the mstrument is threaded through a hard-
rubber conncction 1n the side of the leaf chamber; a wire runs at an
angle of 45° from the rod to the leaf system. which 1t touches just above
the junction of the leaf and bar. The rod and wire may be rotated
for the-purpose of removing them from the neighbourhood of the leaf
system when the latter has been charged.

The ends of the leaf chamber are covered with glass, or preferably
mica, windows, the msides of which are covered with fine wire gauze
to conduct away stray currents. A circular hole 1 the gauze enables
obscrvation of the leal to be taken through a telescope carrying a
micrometer scale set parallel to the leaf.

The lower chamber, 1n which the emanation is collected, is a hollow,
gas-tight cylinder 4 . high and 3% . 1in diameter, sct upright and
serewed mto the neck of the leaf chamber. The bottom of the gas
chamber consists of a brass plate } in. thick ; the chamber 1s also fitted
with two holes, § in. in diameter, diagonally opposite cach other ; they
are fitted with glass tubes carrying ground-in glass stoppers ; the rubber
connections are sccured with wire.  The method of using the apparatus
is deseribed under Radium, § IV.

A simpler form of apparatus for rough determinations of the activity
of urantum minerals has a lower chamber about 2 in. high, fitted with a
movable door carrying a brass table of the same size as the chamber.
The ore, crushed to a suitable size, 1s spread cvenly over the table and
the chamber closed. By comparing the rate of fall of the leaf when -
the unknown matenal is used against that observed with an ore of
known uranium content the amount of uranium can be approximately
ascertained (see Uranium, § IX, (¢)).

(k) Electromagnet.—This instrument is indispensable in mineralogical
analysis (¢.v.). The particulars given below refer to a magnet described

1 A photograph of the electroscope faces p. 90 of the Bulletin
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in R. H. Richard’s Teat Book of Ore Dressing (1909), p. 609, but modified
so as to attraet the more weakly magnetic minerals.

The magnet itself consists of two cores of slowly-annealed iron,
joined at the top by a yoke of cast iron. The pole shoes are slotted, to
allow of adjustment of the air gap, and bevelled towards each other at
an angle of 45°. Each core is wound with 5000 ft. of No. 21 cotton-
covered copper wire, making 6760 coils. The turns are held in place
top and bottom by brass rings, and are protected by layers of paper
and tarred marline. The magnet is run on a 110-volt circuit, and by
the introduction of suitable resistances in series its strength may be so
adjusted as to effcct scparation of a mineral mixture into fractions of
different magnetic susceptibility.

The separation of the more important magnetic minerals by means
of the above electromagnet may be cffected by inserting the following
resistances :—

(a) 16 candle-power lamp, 50 volt. Resistance about 96 ohms.

(b) ]6 " b2l " 5() " b2 " 96 "
(c) 8 2 9, bl 50 " " » 48 ”
(d 8 - - 50 " » 48

The mode of applying the resistances, and the selective attraction
exerted on various minerals, are as follows :-

Resistances 1n l Approximate Mineral
Circuit ‘L Current (Amp.) Attracted.
i
a+b+c+d ‘ 027 Ilmemte
a+b+e 037 Garnet.
a+b ‘ 055 Wolfram
a . 075 Monazite.
All out \ 11 Stannine

MINERALOGICAL ANALYSIS.

A thorough knowledge of mineralogy 1s indispensable to the metal-
lurgical chemist for solving the problems relating to the economic
recovery of the valuable constituents of ores. To take a well-known
example : If an ore be found to contain substantial amounts of tin and
tungstic acid, it becomes more 1mportant to identify the form in which
the latter occurs than to ascertain its percentage in the ore; for a tin-
wolfram ore is valuable for both 1ts tin and tungsten contents, whereas
certain grades of tin-scheclite ore are, up to the present, almost worthless.

In the laboratory, the application of the determinative methods of
mineralogy constitutes a most valuable help in analytical work. A
qualitative analysis is not only supplemented, but may be entirely
replaced, by a mineralogical examination. The latter is both quicker
and simpler, because it substitutes mechanical separation and simple



MINERALOGICAL ANALYSIS. 7

tests (physical, blowpipe, etc.) on the picked fragments of mineral, for
the elaborate operations of opening up, separating into groups, resolving
these into elements, and identifying the latter. It is also more delicate,
because a few particles or crystals of a mineral occurring in traces can
be picked out and identified in a sample weighing many pounds; in
chemical analysis this small quantity would probably be overlooked.
Finally, it conveys information as to the mode of combination of elements
in an ore mixture which chemical analysis cannot give, since the latter
starts by destroying the mineral constituents.

It has been mentioned that-mineralogical separation is done by
mechanical means. Even separation may often be dispensed with,
e.g., when the ore under investigation is in the form of coarse lumps,
and the operator possesses sufficient experience to recognise mineral
species by inspection, aided, if necessary, by determination of the hard-
ness, streak, cleavage, etc. The coarse lumps are next broken up to
expose fresh surfaces: in this manner all the minerals present can be
identified in lump ore. Since fine grinding obliterates the megascopic
characteristics of a mineral mixture, erushing previous to analysis should
only be done after the nature of an ore has been satisfactorily ascertained.
When asked to report on an ore, the chemist should insist on receiving
it in a natural or coarse condition.

The more important rarer elements are extracted from detrital
deposits formed by the disintegration of igneous and metamorphic
rocks in which these clements occur in minute quantities.! The
minerals containing them, being hcavier and more resistant to atmo-
spheric agencies than the mother rock, have been accumulated in.
river beds and on sea and lake shores during the present and past
geological periods, the deposits being known as alluvials, placers, black
sands, ete. They occur in every degree of comminution, generally in
the form of water-worn, rounded or flattcned grains. On account of
their importance as a source of many rarer elements, a mineralogical
analysis of alluvial deposits is frequently necessary. The separation
of the material into its component minerals is based upon differences
in their physical properties.

The more important operations in mineralogical analysis are :—

(a) Water Concentration.—In the case of alluvials, this has been
effected by Naturc. In the laboratory, it is carried out by panning, on
a larger scale by jigs and shaking-tables.

(b) Separation by heavy liquids, such as bromoform (sp. gr. 2-9),
methylene iodide (8:33), mercury potassium iodide (8:17), cadmium
borotungstate (3:28). The mineral mixture is sprinkled upon the

1 The rarer elements not found m metamorphic rocks occur in very minute quantities
1n sulphide ores such as zinc blende, copper and nickel ores, pyntes, pyrrhotine, etc. They
are gallum, germanium, mdium, and thallum; selemum and tellurium. Traces of
platinum metals are also found in pyrrhotine, etc, as well as 1n 1gneous rocks.

Titanium, zirconum, and vanadium are umvers&lly found n small quantities in rocks
of various description.

Lithium, cesium, and rubidium are primanly found in micas and felspars, and are
dissolved in the weathering of the mother rock.

’



8 THE ANALYSIS OF THE RARER ELEMENTS.

liquid contained in an ordinary funnel, the lower end of which carries
a rubber tubc closed by means of a pinchcock.

(c) Magnetic Separation.-—A numbcer of minerals are attracted by
a strong electro-magnect (see Introduction), while magnetite and pyrrho-
tine are practically the only oncs attracted by a horseshoe magnet.
By using the different powers of the electromagnet the other magnetic
minerals may be subdivided into strongly, moderately, and weakly
magnetic (see below).

(d) Radioactivity ! is tested for by means of the electroscope (see
Introduction) or a photographic plate. The fractions obtained in the
analysis are disposcd along Iines 1n the shape of numerals on the black
paper wrapping contaming the plate ; this is left in the dark for twelve
to forty-cight hours, after which the negative is developed and fixed 1n
the ordinary way, when the design will be reproduced in dark hines if
radioactive minerals are present.

A scheme for the mineralogical analysis of alluvials, based on dif-
ferences 1n magnetic properties, colour, and specific gravity, is given
below. If the material contams coarse particles, 1t 15 first passed
through a sieve (8, 10, or 12 mesh) and the oversize sorted by hand
into homogeneous fractions. The undersize 15 submitted to electro-
magnetic separation.  The non-magnetice fraction 15 separated by means
of bromoform 1f quartz apparently predominates; 1f not, it is first
sorted with the help of forceps into coloured and colourless fractions,
and the latter separated by bromoform. The magnetic fraction is
further divided mmto strongly and weakly magnetie portions; cach of
these is then sorted.  When apparently homogencous fractions have
becn obtained, they are identified by mincralogical or, if nccessary,
chemical tests.  The streak of small particles 1s taken by crushing them
on the streak plate with a kmife-blade. If the sand 1s very fine, the
fractions may be exammed under a weak-power microscope (13 1n.)
in reflected as well as in transmitted Light.

TABLE FOrR THE EXAMINATION OF ALLUVIALS.?

A. NON-MAGNETIC MINERALS.

(1) Of Metallic Appearance :—

Gold : characteristic colour ; scetile.

Platinum (g.v.) : see note below, after B (3).

Osmiridium, q.v.

Molybdenite, q.v.

(2) Dark, Opaque :—

Cassiterite : colourless strecak. Treated with zine dust and
hydrochloric acid, it acquires a tin-white coating which
can be polished.

Rutile (q.v.) : pale brown streak.

1 For radioactive minerals sece columbium, uranium, thorium, radium.
? For tests and description of mierals of the rarer clements the rcader 1s referred to
the different chapters,
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(8) Coloured :—
Paler varieties of cassiterite and rutile: see (2).
T'itanite or sphene (q.v.) : brownish, strcak white.
Chrysoberyl (q.v.) : greenish, strcak white.
Corundum : H 9, various colours. N
Beryl : sece (4).
Baddeleyite (q.v.) : grey or brown ; zirconium reaction with
turmeric paper.
Zircon (g.v.) : red.
(4) Colourless, or Slightly Coloured :—
(a) Laghter than bromoform :—
Quartz and its varieties.
Beryl (q.v.) : green to whate.
(B) Heavier than bromaoform :—
Scheelite (q.v.): boiled with hydrochloric acid, the
particles assume a canary-yellow colour.
Zircon (q.v.) : pale pink (see also (3)) ; turmeric paper
test.
Topaz: wine-yellow, H8; gives fluorine reaction.
Apatite :  greenish to white.  Reactions for fluorme,
. chlorine, phosphoric acid.
Deamond : transparcnt, highly refractive. H 10.

B. MAGNETIC MINERALS.

(NoTE.-—~The subdwrsion wnto strongly, etc., magnetic minerals is
approximate, as the magnetisim of « mineral species varies with 1its
chemical composition.)

(1) Strongly Magnetic :—
(a) Brown to black, opaque :-—
Magnetite : black, attracted by knife-blade.
Ilmenite (q.v.) : black ; streak black to brownish-red.
Titanium rcactions.
Menaccanite, 1serine : varicties of 1lmenite.
Black garnet : fusible.
(B) Coloured :—
Garnet : gencerally red to pink, also brownish.  Rhombie
dodccahedra frequent.
(2) Moderately Magnetic :—
Brown to black, opaque :—
Wolframite (q.v.) : reddish-brown streak. The powder
turns yellow when boiled with aqua regia.
Chromite : brown streak. Green borax bead.
Tantalite, columbite (q.v.): streak dark red to black.
Tantalum and columbium recactions.
(8) Weakly Magnetic :—
(a) Black, opaque :—
Pleonaste : black spinel ; colourless streak ; infusible.
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Schorl : black tourmaline. Reaction for boric acid.
Colourless streak.

Emery : greyish-black corundum.

(B) Coloured :—

Spinel : gencrally red, resembling garnet, but infusible.

Tourmaline : blue, green, red (see (a)).

Monazite (gv.): pale-yellow to dark reddish-brown ;
radioactive.  Reactions for phosphoric acid and
rarc carths.

(Note—Native platinum is sometimes magnetic. The following
minerals not found in alluvials are frequently. but not mvariably,
attracted by an electromagnet : chalybite, hematite, limonite, frank-
linite, biotite, hornblende, augite, epidote, olivine, serpentine.)

It is thought advisable to give two examples of mineralogical
analyses from actual practice, since 1t 1s hard to desecribe a systematic
procedure applicable in all cases.

Example A.—All finer than 12-mesh.  Electromagnetic separation
gave :—

(a) Non-magnctic fraction 69-3 per cent., sp. gr. 6-7.
(b) Weakly magnetic ,, 213 v ' 5-4.
(¢) Strongly ., . 944 ' . 5-0.

(a) The non-magnetic fraction was treated with zine dust and acid,
and the few colourless particles picked out from among those of metallic
appecarance (i.e. cassiterite); they were separated by bromoform into
quartz and topaz (fluorine reaction).

(b) The weakly magnetic fraction was sorted into two homogeneous
portions : (a) the bulk consisted of dull black water-worn grains.
After powdering and fusing with bisulphate, strong columbium
reactions were obtained, tantalum being subordinate. These and the
low specific gravity prove columbite. (B) Subordinate fraction: brown,
opaque, soft, water-worn grains, giving titanium reactions : iserine.

(¢) The strongly-magnctic fraction was hand-sorted into five homo-
geneous portions : (a) pale pink transparent grains, and (B8) red trans-
parent grains. Both these were found to consist of garnet rich in
manganesc (spessartite). (y) Dull black grains, 1dentical with colum-
bite of fraction (b). (8) Brown grains identical with iserine of fraction
(b). (e) Black, lustrous, angular particles found to consist of ilmenite.

Example B.—The sample was ‘screened through a 10-mesh sieve.
The oversize, part of which gave a brown, and part a colourless streak,
was treated with zine dust and acid as in the previous case. The non-
metallic-looking black particles were found to give strong tantalum,
but no columbium reactions ; sp. gr. 7-1; hence tantalite. ~ The metallic-
looking particles constituting the bulk werc cassiterite. 'The undersize
was treated electromagnetically. The strongly- and weakly-magnetic
preducts looked very similar, and were united previous to hand-sorting.
They contained chiefly «/menite and a little garnet; some more tantalite
was also found. The non-magnetic portion was sorted according to
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appearance into : (a) black grains, found to be cassiterite ; (B) a subor-
dinate amount of muscovite; (y) a few tiny grains of gold; and ()
colourless particles. These were treated with bromoform, giving
quartz as the lighter mineral, and a small heavy fraction which became
yellow on boiling with hydrochloric acid : scheelite.

Quantitative Mineralogical Analysis.—A quantitative mineralogical
analysis of alluvial matcrial is often required. The procedure is the
same as that outlined above; in addition, every product is weighed.
If the amount of material at the operator’s disposal is small, the iden-
tification tests have to be carried out after the products have been
separated and weighed.

Ezample C.—A little over 2 grm. of sample was available. It was
separated electromagnetically into :—

(a) Strongly-magnetic fraction, 0 23 grm.

(b) Weakly ’ ” 0-04
(¢) Non-magnctic oy 2:04 ,,
Total . . 2381 grm.

(a) This product was homogencous and brownish-black ; no magnet-
ite was found (knife-blade test). It was 1dentified as ¢lmenite.

(b) This was of a pale brown colour. After fusing with bisulphate,
onc-half of the solution was tested with molybdate solution, the other
half with ammonium oxalate : positive tests for phosphoric acid and
rare earths proved monaxzite.

(¢) The non-magnetic portion (practically colourless : absence of
cassiterite) was separated by bromoform, the lighter portion (quartz)
weighing 1-92 grm. The heavy product (pale pink) was fused with
sodium peroxide, the acidified solution giving strong turmeric reaction :
zircon. Hence the composition of this alluvial was :—

Ilmenite . . . . . . 10 0 per cent.
Monazite . . . . . 17 o, '
Zircon . . ’ 52 .. "
Quartz 831 ,, ’

100-0 per cent.

Quantitative Mineralogical Analysis by Selective or Fractional
Decomposition.—This procedure, the principle of which is explained
under Complete Analysis (p. 38), 1s of lumted appheability in the case
of minerals of the rarer elements, because the majority have to be
opened up by fusion. The weighed quantity of material is treated
with the solvent and filtered on an alundum filter ; the insoluble residue
is washed off, dried, and weighed, and the dissolved mineral taken by
difference. The following are examples of this class of work : Separation
of tungstic ochre from wolfram and scheehite by hot dilute caustic soda,
tungstic ochre dissolving. Separation of wolfram from scheelite (finely
powdered) by nitric acid, followed by filtration and treatment with
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ammonia : wolfram is left almost unattacked ; the separation 1s not
quite quantitative. Scparation of molybdine from molybdemte by
hydrochloric acid, m which the latter 15 insoluble  Sceparation of
bismuth from molybdenite by weak nitric acid, which dissolves bismuth.
Separation of molybdenite from galena by hot hydrochlorie acaid (1:1),
which dissolves the latter

. QUALITATIVE CHEMICAL ANALYSIS.

Tests and charactcristie reactions for the deteetion of ecach of the
rarer clements discussed m this book will be deseribed 1 every indi-
vidual case.  Itisintended here to present a general scheme of systematie
qualitative analvas applicable to anv ore or nuneral nuxture, and in-
cluding nearly all the metallie dements  Such a scheme, 1 order to
be of gencral applicability, must melude a uniform procedure for obtam-
ing the mimcral in solution, from which the analytical groups are succes-
avely thrown down, and cach group precipitatce further separated mto
its constituent clements,

The method here adopted for preparmg the solution s that of
A A Noyes,!in which the solvents are apphied m the following ordcr —

(1) Nitrie acrd dissoly os sulphides as well as most substances attacked
by hydrochloric acid (but not the acid-carth compounds enumerated
under (2)), while obviating the preeipitation or volatihsation of some
clements as chlordes

(2) The residue fiom (1) 1s treated with hydrofluorie acid, which
decomposes silicates (exeept eyvanite, andalusite  tourmaline, beryl,
zircon, and topaz), tungstates, tanlalates. columbates, and  some
titanium munerals

(8) The residue from (2) 16 attacked with hvdrochlorie acid, then
with agua regria This dissolves emnabar, molybdemte, ferrie oxades,
manganese peroxide, lead sulphate, and gold

(#) The residue from (3) 15 fused with sodium carbonate, bisulphate,
or peroxide, according to 1ts nature

By carrymg out this procedure the metallie constituents of any
mineral mixtaire are dissolved and obtamed in sey eral solutions, oceasion-
ally m onc  The various fractions may, as a rule, he combined hefore
examination, or tested separately if desired 5 the hvdrofluone solution
ol the acid-carth group, howeyer, must always be exammed by 1tself

A comprchensive seheme of qualitative analysis, based on the work
of Noyes, Browning, and others,? 15 given below 1n condensed tabular
form. Table T contains the directions for effecting solution of the
mineral ; Tables 11, to VIIL. are devoted to the exammation of the
analytical groups, more particulatly to the separation of the clements,
For the sake of brevity, the conflirmatory tests for the common metals
have not been included mn the tables  Directions for washing the preeip-
tates have hikewise been omitted i most cases.

1 Chem News, 1906, 93, 146
2 For references to the onginal papers consult Browning’s Introduction to the Rarer
Elements (4th edition, 1917), pp 207-226
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TaBLE 1.!—OPENING UP.

Digest 1 grm of slimed mieral with 10 cec HNO4 (1 1) till action 13 over  Dilute
with 20 c ¢ of hot H,0. decant and filter

F!  evaporate to diyness, heat to 120° | R'  tiansfor to Pt dish, evaporate or
for 1 hour Treat as, o1 combine with, | decant water, digest with 5-10 c e pure
final residue from R! after like treat- [ stiong HI' on  water-bath  Kvaporate
ment twice to dryness with 5 ¢ ¢ strong HNOj,
—— e e - -~ boal with 10 ¢ ¢ HNO4 (1 3)  If solution
15 complete after HE or HNOj; treatment, evaporate to dryness once moie, heat to
120° for 1 hour If complete solution has not taken place, evaporate to diryness, add
10 c ¢ stiong HNOj and 1 grm pure 810, (Note ) Cover, digest for thiee quarters of
an hour, evaporate to dryness, heat to 120° for an hour Powder residue (and that
from F'), add 5 cc HNOg (1 1), bol, dilute, decant and hlter

R%  pour 5-10 ce »strong HI' on to| ¢ ovaporate to diyness, take up with
filter (rubber funnel), receive tiltrate i [ 40 « ¢ H,0, add t ¢ ¢ HCL (2 1 water),
Pt dish contamming balance ot residue | warm I ppte forms, tlter 1t oft and
Heat 5 minutes, dilute, decant  and | hool with H,0,  filter ainto HCT filtrate,
filter into another Pt dish test tesidue for Ag Iiltrate Table 1V

F* Table 1II | R*  bol gently m porcelam with 15 ¢ ¢ strong HCL dilute and
— e — filter, digest 1esidne with aqua roque, didute, filter mto HCL solution
Diy or gmite residue

F*+ evaporate to dryness, tahe up with HC (1 4), tilter Rt tuse with
- e e meee o ol (1) Nay,COy, ()
’ I Table 1\ NallSO,, o1 (1)
N — —- | Na,0,, sco be-
T T low

R®  digest with NH,OH, filter

I test for Ag | R® boil with CH,CO,NH,, filter

R7  SrS0O, or BaSO,  Fuse with Na,('0,, m-‘ 17 test for Ph
Table VII, I R

—_ - ———— - - - - e - [ S [N U U

() It non metathc and  hight | (b)) It non-metallic and | (¢) 1f metallic, or non-
coloured, ot 1n doubttul cases, fuse | light - coloured, and | mctallie  and  dark,
with Na,('Oy, leach, hlter thought 1o  consist ot | fuse with Na,O, m
—_— - e e == | onades, fluorides, or | N1 auable,  leach,
R digest with | 1™ evaporate | phosphates, fuse with b [ acdify  with - H(,
HCI, hltet with  HCl, heat sulphate in <lica cru- | cvaporate to dryness,
, to 120, digest | eible, leach, hlter heat to 120 for an
with HCL (I 1), [ — - hour, boil with difute
I T | filter R i K1t Table 1V | HC, filter (see Note

— - — — - [)
R® F*  see | R see | 10 gee )~ - —
see (b) | Table IV | R2 Table IV | treat as R2, hlter R'¥ s | K examine
- — solve [ separately

2 <0 Qe o7 e oy |z e I HE, see | (Table IV et
R‘-l lft‘Bahf),, o1 Slf.\é).(, soc R7, 1f 810, | ¥z Table II Table 11 | seq) Regect
or silicates, sce («), if SnQ),, see (¢) il mickel il
trate

1 In the tables throughout this book, 1> denotes precipitate , R, restduc, F, filtrate,
S, solution, D, distallate , L, loss

Note a (to R') —The 810, used must be pute and tree from resduc
by diluting water-glass with three volumes ot water, adding HCLin shght excess, decant-
ing, boiling two to three times with water, and drying  The residuc 15 boiled two to three
times with strong HCI, washed tree from acid, dried, and ignited

Note b (to R4 (c)).—1f from appearance of residue the presence of platinum metals or
osmindium 18 inferred, proceed as in Table III

It 19 prepared
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TaBLE II.—Acip-EArTi GROUP.
see Table 1) 18 ppted with H,S '

The solution (I'3, F12, or R1°, R1® dissolved mm HF,
(rubber tube)  Filter thlough rubber funnel

P! (may contamn Sb, Mo, As Ft (Ta, Cb, T, Zr, W, S1) cvaporate to fumes with
Bi)  digest with (NH,),S, | H,S0,, add NH,OH and (NH,),S, hlter (Note a)

filter

F2 addto 3 | ¥ add F%| P dissolve 1n HF, evaporate to

R2. test for
aciify  with | fumes with H,S0,, dilute, let settle,

B
= == | H,S0g, hiltes filter
o
F¢  evaporate to | P dry, heat m H,S |R4  test for Ta | F4  test for Th
fumes, dilute, add | curont and Ch as directed [and  Zr as 1n
HCl+Zn blue |~——m —-—- s under Columbium, I Table V, S8

R? boil wlth § VIL (9)
strong HCL
dilute, filter

ppte=W Sublumate?
test for As

1{3 boil with HNO; evaporate to fumes with 1,80, coo] add three
volumes of H,0, filter

F8  test for
Sn and Sb

F° add /n +KCNS  Red (ulour = Mo I R' ml(l Zn + H(1 lSluo ppto~~ W

Note a (to F') —1If much W and'or Mo ate present, the ppte 1s re-dissolved m HF,
the solution evaporated with H,80,, and the pption with NH,OH and (NH,),S 1epeated

Jombine filtiates

TapLe 11I.—PraTinum Grour.

Fuse the material (R4 (), Table 1 ) with Na,0, in Nicrueible  Leach with H,0, transfer
to rotort, acichfy with HClL, add HNOg, distil into NoOH

Dt 1f yellow, acdify with | 81 extiact with ether

HCI, add a few drops Na,S,0;, -
warm , brown ppte= Os S¢ evaporate ether, bod with | Ether? evaporate,

———— -HCHZC0,NH + HCOH for| test 1ewiduc for Au,
several hours under reflux  1alter, reject filtrate, boil ppte | Fe
with H(Y, filter

¥ test for Sn | R heat with Nu(,l n (1 curre nt m.tm(t with boihng H,0  Friter

F¢  add NH, (], let stand, tilte R* (f any) 1epeat treatment with NaCl+4 (1,
add filtiate to I, residue to J8

Ps (Pt, Ir, Ru)- dissolve in hot H,0, add | F* (Pd, Rh) add freshly ppted Agl
NH;OHHC], cool, add NH,Cl Filter

pe yollow | T¢ add residue from R4, |D® boil with a Lttle | F&  ppte with
(Nl-l.)zl tClg evaporate to dryness, ignite, | agua regua, flter, re- | Zn, filter, 1eject

—— ' fuse remdue with KOH | ject 1esidue, evapor- | filtrate Heat

+KNO, (Ag (‘l‘u(‘lbl(‘) Leach, filter ate filtrate, take up | ppte with NaCl

-{ with dilute HCI, add | in  Cl current,

R?: heat with NaCl | F7- distil n Cl cur- | & few diops KI | extract with
mn Cl current, leach, | rent (see Ruthenium, | black ppte—=Pd alcohol, filter,

add NH,CI Red- | §1IL,(f)) mtoC,HOH | —4M8M8M8m™———  —

black ppte=Ir. ;1{:}?1{.5}({) (#:tgla(,)t: F® contams | R®  soluble in H,0 with

and warm  molet | & lttle Ru | rose colour, no ppte

colour =Ru. Reject with NH,Cl Add excess

KOH +CyH,OH. Black

ppte=Rh
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TABLE IV.—HYDROGEN SULPHIDE GROUP.

(Germanium and rarer platinum metals omitted. For germanium
a separate test should be made (Germanium, § V.); for platinum
metals, see preceding table.)

Precipitate the solutions referted to this table in Table I, separately or combined,
with Hg8. Filter, agan pass H;S through filtrate ; 1f ppte forms, add 1t to the first

P*  digest, hot, with (NH,),S  Filter ¥t see Tablo V -

R2  boil with HNGy (1 1), filter | F2 ppte with diluto HCl, filter, reject filtrate
Boil ppte with strong H(1, fiter

R® digest with | ——M8M —— -—m— - - o
Br, filter R? dissolvein HCl +KClQ,, | 7 test for Sb, Sn
- evaporate, take up with a _—
E¢ add KOl eva- [ R¢ 800, httle H,0, filter

porate to low vol- '—-~ — —— | - —
ume, let stand, filter Pt K,PtClg | I*®  add NH,(1, NH,OH, and Mg
—_————— ===~ | | muxture Let stand overnmight,
Ps K,PtCly | ¥ add NaOH and | filter

—_— C,0Hy,, bou, filter - - -
- e = m——— =~ [ boil with oxcoss of | ’* test for As
F8  test for Hg l Pe Au ,0,H,  Titer

F3 test for
Pb, By, Cu, Cd

K19+ ovaporato nearly to dryness, add 10 ¢ ¢ of stiong (1, | P Ay
reduce m the cold with 0 2 grm Na,NCyg, let stand, filter — -

¥ add ecqual volume of H,0 and & httlo K1 and Na,SO,
Filte

P11 jed, soluble 1n
KCN==Se

12 boil to expel SO, add KCNS +Zn | P2 black, soluble m H,S0, w1thvred_
red colour=Mo colour Te

s

TABLE V.—AMMONIA-AMMONIUM SULPHIDE GROUP.
(Exclusive of Indium and Gallum. which see.)

To Fi, Table IV, add 5 grm TNH‘C] a.mi‘;l-shghb cxcess of NILLOH, pass H,S  Filter

Pt add P2, dwssolve in HCIL, bol, add | Tt aadify with (‘HgCO,H, boil, filter

HNO,, evaporate, add' H,0, ppte with e

C,0,H,; (sec Rarc Earths, § V)  Illter P2 of any) add to L2 gee Table VII
Pl

F3  evaporate to fumes with H,S0,, dilute If any white
————— crystalline ppte remains, fuse 1t with Na,("O4, and proceed as 1n
Tablo VII, Pt To filtrate, or origmal ¥3, add NaOH, Na,0,, Na,COy, boil and hlter

P? see Table VI

P4+  dissolve in HCl, desttoy HCl with | I add faint excess of HNO,, dilute
HNOj,, boil with KClOg  Filter to 100 ¢ ¢, treat with excess of 2-3 grm
of NalICOj, heat 20-30 minutes in a
P8 MnO, | F5. test for P,05, 1f present, | pressure bottle Filter

test first for Fe, then add

sufficiency of FeCls, neutralise with Na,CO,, | P! dissolve 1n | F11 ncutralise
add 2 grm CH,CO,Na, boil, filter HCl, add NH,OH, | with HNO,, add

filter Pb(CH4CO,),, filter
P, | . pu, | B2, D

(Table continued overleaf )
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TaBLE V.--AMMONIA-AMMONIUM SULPHIDE GRrour—Continued.

F¢: pass H,8, filter. | P¢: dissolve in HCI | P12 |F‘2. test for Zn | F14. | P14, PbCrO,
(1+1), extract with |dis- pte
P test | F7-  sec | other solve 1n  HNO,, | with H,S, filter,
for Co, | Table VIT | evaporate almost | reject PbS, to fil-
Ni, Zn S8 Ether? eva- | to dryness, extract | trate add Br, boil,
-- ——e cva- | porate, take up [ with amyl alcohol | neutralise with
porato with H,S0,, adjust | with ~ H,SO,, | Filter NH,OH, add
acidity to 1 per cent, add | add KI and CH;CO,H and
H,0, + Na,HPO, Filter S0, fhlter Na,HPO, Tilter
- | F® Fe | P? yelo | RI3 test | F13 eva-
F“’ yellow | P Zr phos- low = | for Al porate| P15 yel. | F15  add
to orange | phate For Ti to dry-|low=U|NH,OH,
=T confirmatory ——— ness, test pass H,S,
e - test, sce Zir- for Be red, pink,
contum, § V or violet
Hulubmn_.V

TasrLe VI - —Rare-Earrn Group

I')ngost, P" 'l‘ubln V wnth fumun_, HNO, (1 5), evaporate to dryness, destroy HNO, by
evaporation with ll(l diy »,;mm take up with water, boil with Na,S,0,, filter

r extract  with  strong  HCL,  flter, l‘ ppte with NH,OH, reject thitrate, |
rojoct residue, neutralise filtrate with | dissolve ppte m  HCL, saturate with
Na,(!0,, pour mto largo excess of 20 per | Na,SO, cryst . hlter, wash with saturated

cent Na,('O4, boal, hlter Na, SO, solution

P2 dissolve in HCL, | 12 acadity  with | PP digest with Na()}i I3 add
neutralise with | HCL boil offt ('O, | Glter,  reject  Oltrate | NH;OH White
NH,OH, powt into | ppte with NH,OH | Dissolve m HNO,, boil | ppte = Yttna
20 per cent neutral | Dissolve  ppte i | with KB1O; and lump | earths Dis-
ammonium tartrate, | HNOg, evaporate to | marble, filter solve mm HNO,
boil clear solution | diyness, take wup|-——-—-— - - ————| Absorptionspec-
with NH,OH «ays- | with  H,0, add | K} ppte | Pt dis- [ ttum—=Er, ete
talline ppte= Sc NH,NOg and H,0, | with NH,OH, | solve m (l\urc Earths, §
e = e o= L voluminous  whate | filter, !‘(‘j(‘(’t: strong| T, (b) (3))
ppte-=Th hltmt(‘ Dis- | HN ()a. _—

—————— e — ——— solve ppte n | add citnie acd, NH,OH,
NHO,, evn,pomto to dryness, hcnt lwldno to 450° for | and H,0,, v(-]low to
4 minute  Extract with H,0, filter brown (olour~(o

I add a few (lmps nf (H._,(‘() H and mlutl(m of l R® agmite”, brown colour
odine m KI, thon NH,OH drop bv drop till brown | = D1 (Rare Earths, § I, (¢) (2))
colour nearly (lmup]mam Waim g(‘ntly , blue colour
==La

TaBLE VII. —ALKALINE-IKARTH GROUP.

To F3, Ta.ble \ , add (NH.),LO, solublon Bol, filter

pt dlSSOIVO ppte, and tho residue from loachmg tho soda fusion I Tuble VIIX

of any residues obtaned m R7, R'?, Table I, and ¥3, Table V, ' — — — vt
in HNO, Evaporate to complete drynoss, hcat to 140° xtract. with ether-alcohol
(1: 1), filter

F2. evaporate to| R? dissolve in Hy0), add a few diops of CH,CO,H and K,(10,
dryness, test ro- | Filter

sdue for CaO. —
¥, concentiate, add NH,OH +(NH,),CO;,
boul, filter, test ppte for Sr.

P? yellow=Ba
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TaBLE VIII.—ALkAaLI Grot

Evaporate F1, Table VIL, to dryness Igmite gontly to expel NH, salts. Add
lﬁtl)amon of 1 grm C,0,H,, evaporate to dryness, igmte Extract with hot H,0,
T.

R!  test for Mg | F!  evaporate to dryness with HCI, extract with amyl aloohol,
———————————" filter

F2. evaporate to dryness, test residue
spectroscopically for La

R?. add a few drops of H,0, exce;s of
H,PtClg, let stand, filter

P?  test spectroscopically
for Rb, Cs

F3: add equal volume of alcohol, filter, wash with 50
per cent alcohol

F¢. Na (see Note a) Add a fow drops of 1 per cont
alcoholic H,SO, crystalline ppte of Na,80, If no
ppto 18 formed, saturate solution with HCl gas crys-
talline ppte of NaCl

P4 test spectroscopically
for K

Note a (to I'4) —Not applicable to solutions resulting fiom the fusion of Ré, Table I.,
with Na,CO,, NaHSO,, or Na,0,

COMPLETE CHEMICAL ANALYSIS.!

In addition to the descriptions of individual analyses given in the
succeeding chapters, 1t 1s thought uscful here to present some gencral
information on the subject of complete analysis, including the resolu-
tion of group precipitates of greater or lesser complexity into therr
constituents. Since a general scheme taking mto account nearly all
the elements would be far too mvolved, the directions here given refer
only to the commoner ones. The separation of the rarcr metals will
be discussed under their respective headings, and, to simphfy the tables,
reference to this chapter will be made whenever a separation product
containing only common elements has been obtained.

§ 1. Methods for Determining Elements.—In assaying for single con-
stituents, a fairly considerable amount of the clement to be determined
15 generally obtained by weighing out a suttable quantity of ore ; whereas
i a complete analysis the same portion 15 used for estimating a number
of constituents, some being present in large, others in minute, quantity.
The method of estimation used will often depend on the amount present ;
a colorimetric process 1s frequently adopted for small quantities (e.g.
bismuth, titanium); sometimes 1t 1s preferable to weigh small pre-
cipitates rather than use a volumectric mcthod (e.g. zine, antimony).
We may therefore distinguish between methods more suitable for
moderate to large, and others for minute, quantitics. Table I. shows

the different mcthods of estimating some of the commoner elements
‘o

! This article 1s substantially an amphfied reprint of a paper entitled ‘ General
Principles governing the Complete Analysis of Minerals and Ores,” by W R. Schoeller
(Analyet, 1915, 40, 90). 5
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by way of illustration ; alumina, barium, silica, sulphur, and the alkalis
have not been included, as they are practically always weighed.

TasLE IX.

Abbreviations : G., gravimetrie, V., volumetric, E., electrolytlc,
C., colorimetric, detcrmmatlon.

Element Moderate to Large Amounts Minute Quantities

Antimony V with permanganate, bromate, or | G as SbO,
1odine  E as metal

Arsenic V with 1odine or bromate G as | V with 1odine
Mg,As,0,

Bismuth G as B1,0,, B1OCL, or BiPO, E as metal € as Bily

Caleium V with permanganate (:+ as CaSO, or CaO

Cobalt V. with thiosulphate, or by alkah- | G as (oSO, or mtioso ,’-
metry G a8 Co,P’,0, E as naphthol
metal

Copper V with thiosulphate E asmetal | C with ammoma or ferio-
G as Cu,S cyanide V  with thiosul-

phate

Iron V with permanganate or bichro- | G as Fe,0; C  with thio-
mate cyanate

Lead V with thiosulphate G as PbSO, | V with thiosulphate (' with
or PbMoO, H,S G asI’bMoO,

Magnesium V by alkalimetry G as Mg,P,0, | G as Mg,P,0,

Manganese V  with permanganato, or oxalic | G as MnyO, C as HMnO,
acid and permanganate

Nickel E asmetal V with cyanide G with dimethylglyoxime 'V

with ¢yanide

Phosphorus V by alknhmetry G asMg,P’,0; | G as PbMoO,

Silver V  with thiocyanate or sodium | Sconfication or erucible fusion
chloride E as metal G as
Agl

Tin V with 1odine V withiodine G as Sn0,

Zine V' with ferrocyanide or sodium sul- | G as ZnQ
phde G as Zn,P,0,

Speaking genecrally, a gravimetnic process 1s preferable for small
quantitics to a volumetric where a certain cxcess of reagent 1s
required to produce a good end-pomt, or still more to an indirect
titration. Agamn, with still smaller quantities, the disadvantage of
gravimetric methods lies 1n the fact that a small alteration 1 the weight
of a cruaible several thousand times heavier than 1its contents causes
a considerable relative crror m the determination, and if available g
colorimetric process 1s much to be preferred.

§ II. Separation of Elements.—For the quantxtatlve separation
of the common elements into groups the procedure is similar to that
followed in qualitative analysis, while that of the elements from
one another often requires different methods in order to carry out
their subsequent estimation. A subdivision into groups and quanti-
tative separation of the common elements in an abridged form is
given below.
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A. HYDROGEN SULPHIDE PRECIPITATE.
First Case: Mercury is absent,

Digest H,S-preeipitate, hot, with Na,S +NaOIl. Filter, wash with
hot dilute Na,S-solution. .
Filtrate : Procedure 1 Residue . Procedure 2

Procedure 1.

Iiltrate contains As, 8h, Sn, and a httle (‘u Add Na,S0; whilst boihng until yellow
colour 18 discharged Lot settle, hilter, wash with dilute Na,N solution

Pt CuS Addto| F'  add excess of ("HzCO,H, pass H,S, bol, Jet settle, filter, reject
Procedure 2 filtrate  Bal ppte with sttong H,80, untal clear and sulphur has
e —— U yolatilised  Dilute with 1 vol H,0, cool, add 25 vol strong H(L,
pass H,S, filter, wash with HCL (25 1 water), then with 5 per cent 1,80, to displace
HCI

I, partially neutrabse with NHOH, dilute, pass H,S,
strong H,S0,, ncutralise | hlter  reject fltrate Dissobve ppte o HCLt Br, boil
with  NaHCQ;,  tittate | gently to expel Br, reduce hot with prano ware (about 20
with I l nuinutes), filter, wash with 5 per cent HC

P2 As,N;  Dissolve in

F3  reduce with soft iron nails, | P3 dissolvean HCL+ Bi, evaporate Br, ppte with H,N,
cool m running water m ('O, | dissolve ppte m strong H,80,, add H,0 and § vol of
current, titrate Sn with 1 strong HCL tittato Sh with KMnOg

Procedure 2 v

Residue from Na,S treatment  Ag, b, Bi, Cu, Cd sulphides  Add PY, Procedure |
Dissolve m HNO, (1 3 H,0). hlter oft sulphur, dilwto to 200 ¢ ¢ , add 10 ¢ ¢ of 10 per
cent KI, then 20 ¢ ¢ of HNO; (1 1), boil till 1 1s expelled  Filter, wash with 5 per
cent HNOj, then H,0

vols  H,0,

h

Pt Agl  Dry, | ' evaporate with 1,80, to fumes  Dilute with
1gmte, weigh boil, cool, filter, wash with 5 per cent H,80,

F2 . add shght excess of Nay,('Oy then 1-2 grm
KON free from sulphur, digest hot, filtcr, wash

¢ PbSO,  Warh with alcohol,
dry, 1gmte, woigh

3 dissolve m HNOj, dilute tall acid
19 N/3, heat almost to boiling, add small
excess of N/5 Na,HPO, solution, slowly,
with constant stirring — Let settlc, hltor,
wash with hot H,0 Dry, manerate

It boil with dilute H,S0, tall HON s ex
pellcd  Ppte feebly aad  solution  with
H,S, flter, digest ppte  with  hot  H,S0,
(15 H,0), hiter, wash with 5 per cent H,80,

filter separately, add ppte, igmte, weigh | P4 (‘uS  Dis- | I partly  neutrahso,
BiPO, golve 1 HNOg, [ ppte CdS,  weigh  as
apply 1odide ti- | ('dSOy, or ('d,P,0,.
I

| fration

Note —1f much Bi1s present, onit H,S0, treatment of 1", and ppte Pb and Bi together
with Na,COg+KCN  Inssolve ppte in HCL, boil with 1-2 grm. of prano wire till the
latter 18 nearly dissolved, flter, wash with hot water  Dissolve ppte in HCl+ Br, boil,
ppte Bi with H S, filter, wash frec from Fe , dissolve Bi,S, in HNOy, ppte BiPOg as under
P8 The filtrate from the iron pption 18 diluted and treated hot with H,S, the ppte
of PbS 18 converted mnto and weighed as PbSO,.
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Second Case: Mercury is present, Tin and Cadmium absent.

Procedure 3

Digest H,S ppte with Na,S, filter, and wash, as under First Case

Rt see Procedure 2 | T hoil with excess of NHC1, Qilter, wash with dilute (NH,),S

P2 HgS Dissolve n ll(l+K( l(),, (h])(] k ke AH Sb llttlc (‘ Sce Procedure 1
Cl, ppte with Sn( ‘lz. weigh Jlg — — l

—— - — =

Third Case: Mercury, Tin, and Cadmium are present.
Procedure 4

The simultancous presence of mercury, tin, and cadmium i the
H,S precipitate (an (xecptional case m ore analysis) complicates the
proccdure so much that 1t 1s not worth wlile determining all the
constituents of the group m the same portion Mcereury and tin arc
best determined separately, while the other metals are separated as
follows . —

“'g““f’ H,8 j']m‘ with Na,S, nltf‘r nnd vm\h as |1m1(r J Ils( (as(

Tt boil with excess of NH &L R' (vupunm to drynosq w1lh dllut(' TINO,,

filter, wash with dilute (Nll‘)p heat residuo to 1107, tako up with hot dilute

——— — e men 1 HNO,, filter, wash wnih dilute HNO,

F2 ol \nLh I\azn\(),, ‘ Pz ore y o

filtor, wash i

[ —1 1 add solu | R4 dry, 1gmte gently, fuse

P3 dl'-\wln n F treat as l'I Lons from 12 | with Nu,('04 4 8, leach, filter,

HNQyg, add to I | Procedurc 1, but | and R add sheht [ wash

s e —— oot filtrate | excess of Nuy('Ogy f—m = mmiem s e

contaming Sn(k3) L then 2-3 grm | l‘ reject | RS dissolve 1n

——— . - | KON free hum |—7'~4 Rl dilute HN Oy, add

sulphur, dlg st Iml hltt r, wash | to I
i

e

Te mhl sllght [QNEEN uf 4hlut< ]I'\()1 ll“’ Pb, Bi \u \nbv to Procedure 2
warm gently, filter on tarcd paper, wash S - SR ——

r? /\g( N l)rv \nu_h F17 0 add excess of ‘\.1 (0, mrl l\( l’nﬂ: H,8, adding

s eee e D more KON necossary to dissolve CuS - Klter, “ash

I8 (u Boil wnh [ANTRN nf 1"‘ f'l(«\t with hot  didute 1,80, (1 Hz())

H,80,, ppto with H,N, determine [ Tlter, \\uxh

Cu by 1odide —_—— - — —
l* (‘d \m 1‘ 1‘10( oduro 2 \ R' m]cct,

e e e e e e e

Scparate mercury determnation © Holloway-Eschka method.

Separate tin dctermination © Eve wporate 1 grm  of the ore with
HNO, to dryness, hcat residuc to 110°; take up with dilute HNO,,
filter, wash with dilute HNO,, ignite residue gently, and fuse with
Nay0,, etc., as in Pearce’s method.
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B. AMMONIA-AMMONIUM SULPHIDE GROU,

First Case: Chromium is absent.

Procedure 5. ( Note.-—-For matcrials containing httle titanium and
phosphoric acid. If the ore 1s rich in titanium, consult Titanium, § IX. ;
if rich in phosphoric acid, apply Procedurc 18, and in F® thereof
determine all the mctals according to Procedures 1-10  If alkalies
have to be determined in the same portion, precipitate the whole of
this group with ammonia and ammontum sulphide, as in Procedure 7.)

Oxidise filtrate from H,S ppte with HNO,, and, if the mtrodm tion of much mdlum
salt 18 considered undesirable, evaporato nearly to dryness  Tako up with a httlo H(',
and neutralise with Na,(0, If no evaporation 18 made, neutrahso at once with
Na,CO; Add 2-3 drops CH3('0,H, 2-3 grm ("HyC('0,Na, 300-400 ¢ ¢ of hot H,0, boil
| minute, filtor on ashloss 11 or 12 5 cm paper, dissolve ppte ina httle HCL, ropeat
pption

Combined F! see Procedure 6 l Pt dmolvo m ll(‘[ pulping thu filker  Ppte with

-— shght excess of NH,OH, filtor, wash, ignite wet,
weigh  If ppte 1s rich in Fe, dissolve m strong HCL, if Al prr-dommates, fuse with
NaHSO, Adjust acidity to 1 | HCI, filter mto separating funnel, wash with HC1(1 1)

R? Igmte in silica crucible, oxtract 3 times with ether

fuse with NaHSO,, leach, |-- -+ — —— —u— —— -

add to §? N evaporate ether, add Et,hcx“ cvu.pomta on wator-
-- solution from R, cva | bath, take up with 1C,
porate to strong fumes with 2 ¢ ¢ H,80, Tako up with | ppte with NH,OH, wmgh
cold water, transfor to Nesslor tube, add a few drops of | Fo,0y, or titrate

H,0, frece from 1,05 determme Ti0, colommetrically ™ - — - oo o
Transfer to beaker, boil to decompose H,0,, add NH,NO, and mulvbduto reagent, doter-
mine P,0; Wught of nu\wl mm- (I*o U, +Th0), +1‘,.(),,)-:Al ()s

S S ——— e e

.

Procedure 6.
Treat combined filtratos I, l’mu\dure H, wnh H,S, un(l dl;,usb on steam-bath hll the
precipitate has settled Pilte r, wash with 1,85 water contammg a few drops of
CH,CO,H
P! dissolve 1n H(H—Bl, ovaporato excess [ Ft bm[to oxpel H,S, noutralise almost
of Br, carcfully neutralise with NH,OI, add | completely  with Na,COy,  boil, add
8-10 drops 2N-HCl and 2 grm (N Hd),S(), 20 ¢ ¢ of bromme-water and 1-2 grm
per 100 c ¢ bulk, heat to 50°, saturate with | (‘HzCO,Na, boil to expel Br  Filter,
H,S, allow to settle, filter, wash with 2 per | wash with hot H,0
cent (NH,),SO, solution saturated with —— — —
H,S P4 MnO, IDis-|I* concentrate to
solve i C,0,.H,, [ 100-200 ¢ ¢ , apply
P ZnS Dissolve | 2 boil to expel H,S, | titrato back with | Procedure 8 or 9,
in HC1 and titrate, | concontrate to 50 e, | KMnO,, or weigh | rejecting hltrate
or weigh Zn,P,0, | add 2 grm NHH,PO,, | as MngO, containing alkalies
—————————— heat to bonlmg add e
NH,OH whilst stirring, finally drop by drop,
t1ll bluo amorphous ppte becomes pink and
crystallme  Filter, wash with hot H,0 If
much Co or N11s prosent, dissolve in H(,l and
re-precipitate,

P*. CoNH,PO,
Titrate, or weigh
Co,P,0,.

3

F23: cool, add a drop of
titrate N1 with
KCN.
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» Second Case: Chromium is present.

Procedure 7. (Sce Note to Procedure 5 concerning P,O4 and TiO,.)

Oxidise filtrate from H,S ppte with HNO,  To the hot solution add 5 grm of NH,C],
a shght excess of NH,OH, and freshly prepared (NH,),S  Allow to stand warm over-
mght, filtor, and wash with dilute (NH,),S If considerable quantities of alkalme
earths atc present, dissolve ppte in HC, repeat pption, combine filtrates

F! apply Procedure 8 or9 | P+ dissolve m HCl+Br, expel Br, cool, neutrahse
——— e e —= — almost completely with Na,('O,, add 5 grm NH,Cl per
100 ¢ ¢ bulk and a shight cxcess of Ba('0, emulsion  Let stand several hours, shaking
frequently  Iilter, decant 3 times with water, wash

K2, ppte with (NH,),S, filter  Dwssolve ppte in | P2 dissolve i dilute HCL, boil
HC1 + Br, boil, add 5 grm NH,('l and NH,OH, | to expel (0, Ppte with NHCI,
repeat pption with (NH,),S Filter off ppte, | NHOH, and (NH,),S, repoat
wash with (NH,),S, rejoct filtrates Dissolve ppte | pption, 1cject  filtrates  Dissolve
in HCL + Br, boil, neutralise with Na,('0,, add 2 | ppte m small excess of HCL, add
grm of CHyC0,Na and a few drops of CHg("O,H , | 20 ¢ ¢ Br water, pour into freshly-
continue as 1 Procedure 6, but reject filirate | made NaOIH in porcelain basin
from MnQ), Boil & mnute, filter mto small
— - - — eacess of HNOg  Dissolve, repeat
pption with NaOH + Br, combine filtrates

P dssolve in H,S0,, if solution | 19 make faintly ammoniacal, boil, filter
18 not cloar, evaporate to fumes, {—— —_—— -
cool, and dilute Add tartaric | 4 Kaacdtly neutralise | I8 ignite, weigh, fuse
acd (3 timos the weight of | with NHO,, ppte with | with NaHSO,, ppte P,0q
Fo,0, + T10,), pass H,S to reduce | HgNO,,  agnite  ppte, i with  molybdate, take
Fe, boil to expol H,S Make | weigh Cry0)4 I Al,04 by difforence

fantly ammomacal, saturate with '—- - - S e
H,S  Tilter, wash quickly with ditute (NH),N

P5 dissolve in H,S0, for titration with | 2 boil wath 20 ¢ ¢ H,80, (1 1) When
KMnO,, or oxidise solution, ppte with | fuming, cover with watch-glass and continue
NH,OH, weigh Fe,04 heating till aad becomes colourless  Dilute,
ppte with NH,OH, 1igmite ppte, weigh ThO,

(. ALxaLINE EArTns.
First Case: Barium, Strontium, and Alkalies are absent,

Procedure 8

The concentrated filtrate (174, Procedure b, o1 1Y, Procedure 7) 18 trcated with 5 grm
NH,Cl if not already present, made ammoniacal, and ppted with (NH,),C,0, If
much Mg 1s present, re-dissolve and repeat pption, combine filtrates

P!, CaC0, Titrate | I'' concentrate, digest at a gentle heat with strong HNO,
with KMnO,, or weigh | (3 times the weight of NH,Cl present), evaporate nearly to
as Ca0 or CaSO, ! dryness, take up with 2 ¢ ¢ of HCl, make ammomacal, add
shght excess of NaNH,HPO,, followed by /% tho volume of
strong NH,OH  Filter next day, wash ppte with 10 per cent NH,OH, ignite, and
weigh as Mg,P,0;, or wash with 50 per cent alcohol and titrate with N/5 acid

Note.—If F! contains acetates added in the previous treatment, 1t 1s necessary to add
more HNO, than indicated above



COMPLETE ANALYSIS. 28

Second Case: All the Alkaline Earths and Alkalies are present.
Procedure 9.

The concentrated filtrate (F4, Procedure 6, or F, Proceduro 7) 1s troated with & grm
of NH,Cl if not already present, made ammomacal, and ppted with (NH,),CO0,
Filter and wash with hot water

P! dissolve m HNO,, add solution | F!  add 3-4 drops dilute H,S0, and 1
from P* Evaporate to dryness i a |cc (NHY),C(,0,, lot stand ovornight, filter
flask, heat residue for 1-2 hours at e
140° m a current of warm air  Treat | P4 1gmite, fuso with Na,CO,, | F¢ apply
dry residue with ten times 1ts weight of | dissolve washed 1esiduo m HNO,, | Proceduros
absoluto alcohol 1 a stoppered flask, | add to Pt 10 o1 11
allow to stand 2 hours Add equal !
vlolulmo of ether, sct stoppered flask aside overmight  Filter, wash with ether-alcohol
(1)

F? evaporate to dryness, | R2  dissolve 1n H,0 (300 ¢ ¢ per 1 gim of mixture), boil,
take up with water, |add 6 drops of CH,CO,H and 10 cc of 10 per cont.
ppte CaO as oxalate (NH,),CrO, Let stand 1 hour Iilter, wash by de-
cantation with very dilute (NH,),CrO,, then hot H,0
Rinse back ppte, dissolve in httle dilute HNOs, diluto to 200 ¢ ¢, boil, add slowly
5 cc of CHyCONH, and enough (NH,),('rO, to ncutialise CH,CO,H (absence of
smell)  Let stand 1 hour, filter, wash with H,0  C'ombine hitrates

K3 concentrate, add excess of dilute 1,80, and an equal volumo
of alcohol Let stand overmight, filter, wash with 50 per cent.
alcohol  Ignite, weigh SrSO,

P2 dry, ignite
gently, weigh
BaCrO,

D. MAGNESIA AND ALKALIES.
Procedure 10. (If sulphates are present, apply Procedure 11.)

Evaporate filtrate I, Procodure 9, to diyness i platinum  Gently ignite rosidue,
take up with a littlo H,0, add 1 grm C,0,H),, evaporate to dryness, igmto gontly
Extract with a httle H,0), filter, wash

Rt MgO Dry, | F' add small excess of H(l, evaporato in platinum, ignmite gently,
1gnito, weigh weigh KCl+ Na(l contaiming o hittle MgCl,  Take up with a httle
H,0 and 1 drop HCl, add excess of H,Pt('lg, evaporate to dryness,
take up with strong alcohol, filter, wash with alcohol

F2  evaporate to dryncss, take up with
very dilute HCl, ppto Pt with H,S (hot),
filter, evaporate filtrate to small bulk, ppte
amall quantity of Mg as MgNH, PO, Cal-
culate MgCl, NaClis obtained by difference

P2 dry, separate from filter, rinse
paper with hot water, eovaporate
washings to dryness, add ppte, heat
to 160°, weigh K,PtCly Calculate KCl

Procedure 11.

The filtrate ¥4, Procedure 9, 18 acidified with HCl and treated with suthcient BaCl, to
ppte sulphates, followed by NH,OH and (NH,),CO,; to remove excess of BaCl,
Filter, reject ppte, evaporate filtrate to dryness, gently ignito 1esiduc, take up with
a few drops of HCI, add Ba(OH), tll shghtly alkaline, boil, filter, wash with hot water

P! dissolve in shght excess of | F*  ppte with NH,OH +(NH,),CO, hiter,
HCl, ppte hot with H,S0,, filter | evaporate filtrate to dryness, gently 1ignite residue,
off BaSO,, ppte MgO 1n filtrate | take up with a hLttle H,0, repeat pption to
as MgNH,PO, remove last traces of Ba Evaporate hltrate,
moisten residue with HCl, again evaporate, 1gnite

residue gently, weigh KCl +NaCl +small amount of MgClL,. Apply Procedure 10, ¥
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E. ComMoN Acip RADICLES.

These are assumed to have been converted into sodium salts by
fusion with sodium carbonate.

First Case: Silica, Sulphuric Acid (as Barytes), Alumina, and small
amounts of Titanic and Phosphoric Acids., Halogens and Boric

Acid absent, -
Procedure 12.

Digest Na,CO, molt with H,0, acidify with HCl, evaporate to complete dryness on
water-bath  Digest rosidue with strong HClfor 10 minutes Add hot H,O0, filter by
decantation, again pour decanted solution through filter, wash with acidulated water

F!  evaporate to complete dryness
on water-bath Take up with dilute
HC], filtor, wash

Rt add R*¢ Ignito wet in platinum, weigh
Evaporate with HF + H,S80,, 1gnite with
(NH,),CO;3, woigh again

L2 810, | R? fuse with NaHSO, leach | R4 2nd 810, Add toR! |F‘ pass
" with cold water  Filtor, wash - H,S, fil-

tor, reject ppto Oxidise filtrate
R3: BaSO, Igmte, woigh M add to IM | with HNO, add ¥3, ppte with

NH,Cl+NH,OH, dissolve, re-ppte
Dissolve ppte in (' (1 1), apply ethor extiaction (Procodure 5, F# et seq )

Second Case: Phosphoric and Arsenic Acids, Fluorine, Chlorine, Silica,
and Titanic Acid (e.g. in Apatite Group Minerals).

Procedwre 13. (Note —The fluorine determination 1s preferably
carried out 1n a scparate portion.)

Extract Na,C0, molt with hot water, Gilter, wash with 2 por cont Na, ('O,

R!  dissolve m H(Cl in porcelain
basin, evaporate to drynoss, take
up with HCI, filtor

I’ add 10 grm of sohid (NH,),COs, letmstv;r;d
at 40° overmight  Iilter, wash with (NH,),CO;-
water

R?: Ist $10, | F? ovaporate to| P add to ¢ IF‘: add a few cc of am-
Add to R3 dryness, take up with |——————— momacal ZnO-solution, boil till
HC, tilter all NH ;19 expelled  Filtor, wash
F3  pass H,8, | R® 2ndS10, Add | P¢ add PS5, eva-|F¢ add phenolphtha-
filter, reject Pt | R?, R7, and R® | porate to dryness with | lein, cautiously noutral
ppto, troat fil- | Ignite and weigh | HC, hiter, wash 1se with HNO,, add
trato with | Treat with — AgNO; solution, filter,
NH,OH, dis- HF +H,S0,,1gmite | R7. add toR 3 | F7 wash with mmimum

solve ppte | with (NH,),CO4, | — B eva- | of cold water

H,S80,, and con- | weigh again porate again  with

tinue as undor | — ——- — | HO, filter, wash F*. con-| P* extract
P® et seq, Pro- |14 810, |R‘ add | ———— -~ ~—— -~ — | tamms” F | with dilute
cedure 7, to ob- [-—————— to Ti0, | R® add to R3 F® | See Note | HNO,, filtor,
tain Ti0,; add | from I? ——————— add | b, below. | wash

R¢, fuse with |-———— | to solution from F1°

NaHSO,, determine TiO, colorime-

trically. (See Note a)

Fi©  ppte with HCI, filter,

R, AgClL
wash, reject ppte, add F®,

Ignite, weigh.

ppte with H;S  Filter

P11 ; determine AsyOy | F11 | determine P05 (See Note a )
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Note a (to F*).—If the metals are to be determined in the same portion, this filtrate
is examined according to Procedures 1-10. F!! should then be examined for Al as well
as for P,0

Noteab.'-;Treatment of F* Ppte Ag with NaCl, filter, reject ppte. Add 1 c.c of
2N-Na,CO, solution to filtrate, boil, add excess of C'aCl, solution, filter, wash with hot
water  Transfer dried ppte to Pt dish, add filter ash Igmte, digest with dilute
CH,CO,H, take to drynoss, extract with H,0, filter, wash, dry, separato ppte from
paper, igmite, weigh (‘aF,

Third Case: Silica, Fluorine, Boric Aecid.
Procedure 14.

(a) First Portion - Boron. The solution of the Na,CO, melt 1s
faintly acidified with CH;CO,H, using hitmus as indicator. Add slight
excess of Ca(CI3CO,),, distil the whole with purc CH;OH several times
into a receiver contaimng a known weight of pure CaO previously
slaked. The distillate 1s evaporated at very low temperature, the
residue gently heated, transferred to a tared crucible with water, and
igmted to constant weight. The inerease 1n weight over CaO is B,0;.

(b) Second Portion + Silica and fluorine. Apply Procedure 18,
obtamning $10, in RY, P%, and P®, m this case the three precipitates are
mixed and treated as deseribed under R, For fluorine, the filtrate
from the ammomniacal ZnO treatment 1s treated with 1 c.c. of 2N-Na,CO,4
solution, cte., as under ¥?9, Procedure 18.

§ III. Other Methods of Separation.-—Bcesides the above group scpara-
tions, a number of shorter methods can be apphed where only two
elements have to be separated, or where 1t 15 not intended to estimate
every constituent i the same portion. Two clements belonging to
different groups need not necessarily be scparated by the group reagent.
As with the actual cstimation, the bést method for separation will
frequently depend on the quantities present ; 1 making one’s choice one
should, 1if possible, aim at leaving or obtaimning the predominant clement
in solution and at precipitating the subordinate, so as to avoid or
minimise occlusion and co-precipitation and the washing of bulky
precipitates ; or at producing a crystalline or heavy, rather than an
amorphous or voluminous, precipitate. Table X. 1s intended to 1llus-
trate this principle. The term “ conversc ”” may be applied to two
methods 1f they can be used alternatively for the separation of two
elements, subject to onc being predominant or subordinate in quantity.
To facilitate the usc of the table, the number of each method 1s followed
by that of 1ts converse in brackets. Some separations are not perfect
because a small quantity of the predominant clement 1s carried down
with the precipitated subordinate ; in this case the precipitate is sub-
jected to a second treatment by the samc or the converse method,
which is easily done on account of its small bulk. Thus 1n 18 (Table
X.) the msoluble tin oxide takes down a small quantity of lead as
stannate, and is treated as in 13 : this 1s far bettcr than extracting tin
from lead sulphide by sodium sulphide.

Examples of separations by repeating the same treatment are found
under 20, 81, 86, etc. Most of these methods can be used for separating
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three or more elements (compare 7 and 28; 18 and 28; 41 and 42;
36, 87, and 89).

§ IV. Separation into Insoluble Residue and Soluble Ffaction,—The
usual acid treatment of minerals, etc., commonly results in a solution
of the metals and an nsoluble residue. Where the latter contains no
metallic compounds, sufh as oxides of tin or antimony, chromite,
tungstic acid, silver chlorde, cte., 1t consists of the insoluble part of
the gangue, chiefly sihca, barium sulphate, or siicates.! The silica
was either originally present as quartz or hiberated from a silicate by the
acid treatment. Most silicates and rocks, though termed 1nsoluble,
yicld a small soluble fraction, the amount of which may vary with
the size of gramn and degree of weathering of the nuneral, the nature
and quantity of acids used, the time of contact, and the temperature
of decomposition  Thus the msoluble 1s generally higher with sulphurie
than with hydrochloric acid. Even when working under the same
conditions the results of duplieate trials may sometimes disagree 5 of
this the following 1s an example (from I Ries, Clays, 1908, p 69) :—-

Biotato

Succesave Treatment with HCl Mus ovite

and H,N0,
I Soluble m hydrochlorie acid 18 64 17 80 7773 73 34
2 ,» 1 sulphurie aad 3875 41 80 204 788

Another source of crror lies 1n the fact that sihicie acid resulting from
decomposition of sihicates 1s not quite msoluble even after careful dehy-
dration, a few mgrms. bemg always réeovercd from the filtrate upon
evaporation to dryness, cven then a small fraction still remains soluble,
and part of this 1s precipitated along with alumina in the subscquent
trecatment.

Generally speaking, hydrochlorie 1s to be preferred to sulphurie
acid 1n the separation of the msoluble  Barytes 15 soluble m hot con-
centrated sulphurie acid, and reprecipitated on dilution, the precipi-
tate almost mvariably carrics down other sulphates, espeaally lead,
which 1t tenaciously retains.  Fluorite in the gangue will cause loss 1n
sibca if the usual acid treatment 1s applied, while glass or porcclain
may be shghtly attacked and yield soluble bases. The method of
Berzelius 15 available for the determination of fluorine and silica in ores
containing them (Procedures 13 and 14)

Unless the gangue 15 entircly composed of altogether 1nsoluble
material, such as quartz or barytes, the msoluble figure gives no exact
indication of the amount of gangue; the weight 15 simply that of the
unattacked portion, plus any silica that may have separated. The
distinction between, and scparation 1nto, a soluble and insoluble fraction
is thus more or less arbitrary and imperfect, and mercly based upon

1 For the complete analyss of sihcate rocks consult Hillebrand, U.8. Geol. Survey
Bull. 422, Washington, Manual of the Chemical Analysis of Rocks (1904).
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the action of the common acids on minerals. In order to obviate the
errors to which the separation of the insoluble is liable, the following
points should be kept in mind :—

(a) The decomposition is done, wherever possible, with hydro-
chloric acid, with or without a nitric acid treatment; the assay is
evaporated to coruplete dryness, preferably off a water-bath.

() The filtrate from the msoluble 15 again evaporated to complete
dryness to recover soluble silica.

{¢) The portion in which the nsoluble 1s determined must also
serve for the cstimation of all the earths and silicate-forming bases,
because silicates are not always attacked to the same extent

(d) It must not be forgotten that hydrated silicates may be present,
which lose their water on ignition. Weighing the latter on a tared
filter previous to igmiting would not give the whole of the combined
water, as some may have been lost through the partial decomposition
of silicates in the acid treatment.  (For estimation of combined water
sec § VII)

(¢) Many muncral products contamn  orgamie or carbonaceous
(graphitic) matter, which remains with the msoluble residue.  In case
hydrated stheates are present, the usnal method of weighing the insoluble
before and aftar igmtion would produce erroncous results ; 1t is there-
fore best to treat the insoluble from another portion with hydrochloric
and hydrofluorie acids to break up the siheates, and to collect on a tared
filter after evaporating and taking up with dilute acid.  After weighing,
the filter 15 memerated and the ash subtracted.

§ V. Determination of Heavy Metals.——In order to mimmmise chances
of error in the analysis of ores the decomposition of which is tedious
or diflicult, the heavy metals present should be determined in the same
portion as the bases and msoluble residue.  On the other hand, while
the behaviour of silicates to acids may be uncertain, the decomposition
of sulphides 15 1 most eases a simple matter, therefore, where several
heavy sulphide metals are present, the separation of which would entail
much care and manipulation, 1t 1s legitimate, for the sake of expediency
i technical work, to estimate some of them along with the hghter
metals, and the remainder 1n a separate portion. A few examples may
here be given - —

(a) If copper, antimony, and tin are present i the hydrogen sulphide
precipitate, 1t is convenient to determune the tin in the first portion
after preeipitating copper and antimony by means of metallic iron ;
while 1n the other portion copper 15 separated by treating the sulphides
with potassium sulphide, tin not interfering in the volumetric determ-
nation of antimony by permanganate

(b) If the filtrate from 1ron and alumima contains zine, lime, and
magnesia, the two latter are precipitated as usual, zine not interfering ;
in another portion, the same filtrate is used for the volumetric assay
of zinc.

(¢) With ores contaiming lead, antimony, or arsenic as principal or
important constitucnts, the decomposition by strong sulphuric acid



COMPLETE ANALYSIS. 29

alone presents advantages as regards separation and estimation of these
metals. Lead is converted into sulphate, which is filtered off and dis-
solved in ammonium acetate. The solution is filtered from the gangue,
re-precipitated with sulphuric acid, and concentrated by “evaporation.
The original sulphate precipitate 15 apt to include small quantities of
antimony, bismuth, 1ron, or lime, which remam dissolved m the liquor
on re-precipitating the lead.  Arsenic and antimony are converted into
their lower oxides, or, if present mn the pentavalent state, are reduced
by adding filter paper to the strong acid and boiling til colourless.
Trivalent arsenic, unlike pentavalent, 1s readily precipitated by hy drogen
sulphide, and at the same time separated from antimony by adding
twice the volume of strong hydrochlone acid to the filtrate from the
lead sulphate. The filtrate from the arsemic precipitate 1s partially
neutralised for the precipitation of antimony sulphide, to which 1s added
the small quantity recovered fiom the filtrate of the re-precipitated
lead sulphate

The simultancous dctermunation of the msoluble residue and all
the soluble metals may also be carried out by taking 25 grm. of ore
and making up the volume of the hltrate from the wsoluble to 250 c.c.
Two 100 c.c portions are then measured off, and worked upon separately
for different metals, as explamed above.

§ VI. Separate Determination of Certain Constituents.- In addition
to the general method outlined m §§ IV. and 'V, spceral trials will be
required for clements present m munute quantity, or determiunations
neeessitating the use of certain apparatus and reagonts undesnable
the combination scheme.

Elements Present an Small Quautttu’a-~lh( most important and
common example 15 the gold and silver,assay, which 1s done by crueible
fusion or scorification. Any clement occurting - small quantity may
at times have to be tested for separately on a larger quantity of ore,
especially where 1t constitutes an objectionable impurity.  Of this the
determination of cadmium 1n zine blende 1s a typical example . the fact
that it always occurs in small proportion, and that 1ts precpitation by
hydrogen sulphide 1s a deheate operation, renders @ scparate estimation
desirable, especially as the result 15 of great importanec to the smelter.

The other assays of this class include .—

(a) Sulphur.—Whether the assay mvolves a fusion or not, sulphur
15 always estimated separately. It should not he determimed in solu-
tions having undergone treatment with hydrogen sulphide, as small
quantitics of sulphuric acid may have formed 1 presence of oxidising
compounds.

(b) Fusion assays, such as :—

Potassium cyanide for tin (in presence of tungsten)

Sodium hydroxide or peroxide, for tin or antimony

Sodium carbonate and potassium mitrate, for arsenic or
antimony.

Sodium carbonate and sulphur, for arsenic or antimony.

Calcium carbonate and ammonium chloride, for alkalics.
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(¢) Distillation assays, for mercury, arsenic, fluorine, boric acid.
(d) Gasomelric methods.—Nitric acid, carbon dioxide.

(¢) Decompositions by means of hydrofluoric acid.

(f) Determinations involving the use of organic acids.

§ VII. Oxidised Minerals.—Bcsides the operations so far described,
the analysis of mincrals other than sulphdes may require the deter-
mination of combmed water, carbon dioxide, or of oxygen present n
various forms of combmation. Thus oxides, peroxides, hydroxides,
carbonates, sulphates, or hydrated silicates may be present.  The
analysis 15 carried out as follows :—

1. Silica and total metals are determined i one portion, or two 1f
more convcenient.

2. Total combined water (in hydroxides, hydrated sulphates, and
silicates, cte.) ; direet estimation by Penficld’s method.?

8. Carbon Dwarde. - -This 15 most conveniently estimatcd ina Gessler
or simlar apparatus by decomposition with an aad 2 For clean
carbonates, fusion with borax answers well 3

4. Sulphuric Anhydride—~-Sulphates  of  barlum  and  strontium
require fusion with sodium carbonate, those of lcad and Iime are
opened up by botling with ammonium carbonate,  basie sulphates
dissolve in dilute acids.  The determmation differs from that of sulphur
1n that no oxidising agent 15 used

5. Differentiation between Hgher and Lower Oaides —The following
commoner clements oceur moores i difterent states of oxidation @ 1ron,
mangancse, cobalt, chrommum, antimony, and arscme.  Therefore, if
found to be present, 1t will be neeessary to ascertamn therr state of
oxidation.

Iron.— Ferrous oaude 15 usually determuned by decomposing the ore
in an atmosphere of earbon dioaide and titrtating with pamanganate,
ferrie oxide bemng found by difference. Chalybite and viviamte arce
soluble 1n dilute sulphurie acid, magnetite and 1lmemte are opened
up by fusion with bisulphate, silicates by hydrofluotie  acid ¢ Very
often the direet determmation of ferrie 1on 15 more convenient, sinee
ferric compounds are more readily dissolved than ferrous (e g.1n silicates,
spmels, cte.). The ore 1s attacked with hydrochlorie acid m an atmo-
sphere of carbon dioxide, and the hot solution titrated with stannous
chloride till eolourless. Copper or arsenates must not be present.

Manganese.—"The mtermediate oxides act ike nuxtures of the proto-
and the peroxide, whieh latter 1s deternuned by oxahie acid, or ferrous
ammonium sulphate, and permanganate.  The ligher oxides of man-
ganese interfere with the deternunation of ferrous oxide, and vice versa ;
they react upon one another with formation of ferric and manganous
salts, though the amount of excess oxygen can, of course, be correctly
ascertained.

L Amer, Journ S, 1894, 48, 30.

# ** Direct Determination,” Hallebrand, U S Geol. Survey Bull 422, p 179
3 Fresemus, Quantitative Chemacal Analysrs, Tth edition (1876), 336

¢ Hillebrand, U.S Weol. Survey Bull. 422, p. 161,
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Cobalt.—The sesquioxide occurs in the mineral asbolan. It can be
determined lhike manganese dioxide, also by distillation with hydro-
chloric acid and potassium 1odide.

Chromium.—Chromic oxide 1s found m some baunites; combmed
with ferrous oxide 1t occurs as chromite, which always contams more
or less ferric iron. The ferrous oxide 1s determined by heating 0 3 grm.
of the fincly-powdered mmeral with 10 c.c of sulphurie aeid (sp. gr.
1 34) in a pressure tube at 250° to 300° for ten hours (paraflin bath)
and titrating the solution with permanganate  Chromates are deter-
mined sinmilarly to mangancse peroxide, by dissolving the mmeral m
an acid solution of ferrous sulphate and ascertaiing the excess of the
latter.

Antimony.—Oxadised ores may contam tii- and tetroaide, the former
being soluble 1n tartarie o1 dilute hydrochlone acid — Total antimony
1s determined by fusion with sodium carbonate and sulphur, and the
insoluble oxide found by difference.

Arsenic.—To differentiate between arscnmous and arsenie acud the
mineral is boiled with caustic alkali.  The arsemite e the filtrate may
be titrated with 10dine, or the arsenate with rodide and thiosulphate

§ VIII. Mixed Oxide and Sulphide Ores. If the sample under examu-
nation contains both oxidised mmerals and sulphudes, the latter will
mterfere with the determination of combined water and carbonie acid
described under § VII. It also becomes necessary to estimate the
metals present as oxides.

1. Combined Water.~Ducet estimation m a Penficld tube by adding
ignited hitharge or bismuth oxide as a retamer for sulphur.  In presence
of fluorides, 1gmited lime 1s mixed with the substance.

2. Carbon Dioarde. --The ore 15 decomposed by a mmeral (but not
hydrochloric) acid, and suflicient potassium chiomate to oxidise the
sulphides, or an organic acid, such as tartarie acid, may be used — Calerte
is decomposed by bichromate solution alone, without the addition of
an acid.

8. Sulphur as Sulphides and Sulphates.—Mincrals contaimng sulphur
may be classified as follows according to therr solubilities  --

(a) Sulphates soluble i water (*“ vitriols ™).

(b) Sulphates of ¢aletum and lead, and basie sulphates (e.g brochan-
tite), soluble 1in hydrochlone acid, or decomposed by boitling ammonium
carbonate solution.

(c) Sulphides soluble i hydrochlone acid (e.g  galena, blende,
stibnite).

(d) Sulphides insoluble in hydrochloric acid (e g pyrites, sulphides
of copper).

(e) Insoluble sulphates (of bartum and strontium).

Extraction with ammonium carbonate solution yiclds a solution of
sulphur trioxide from (@) and (b); mtric acid and potasstum chlorate
dissolve the sulphur from (¢) and (d); the sulphuric anhydride m the
insoluble residue from this trcatment 1s determined after fusion with
sodium carbonate.
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Barium (or strontium) carbonate, which forms an occasional gangue.
mineral of sulphide ores, mterferes with the determination of sulphide
sulphur by being converted into insoluble sulphate. In such a case
the alkaline carth carbonate 1s removed by a preliminary treatment
with acetic acid.

4. Differentiation between Oxides, Sulphides, etc.—In estimating
oxides of metals 1 presence of their sulphides, advantage 1s taken of
the different behaviour of minerals towards certamn rcagents which
dissolve some while leaving others unaffected. The same prineiple is
applied 1n separating various oxidised minerals from onc another.

The percentage of total mectals, sulphur, silica, ctc., having been
determined as described in the preceding paragraphs, a fresh portion
of sample 1s attacked with a suitable solvent and the resulting solution
cxamined for metals by the usual methods, while the residuce 1s subjected
to extraction by another solvent 1f necessary.

A scheme for the separation of the more important minerals of the
common metals 1s outhned 1in Table XI., in which the vertical columns
indicate the order in which the reagents are used , these are distinguished
by lettering (A, B). The horizontal lines show the order of solution of
the mincrals.  Some are solublé 1n reagents placed 1n suceessive vertical
columns ; this 1s indicated by arrows inserted between the names.

The procedure outlined 1n the table separates the ore into an *1n-
soluble residue ”” and ** soluble fraction,” much 1n the same manner as
does hydrochloric acid or aqua regia i the determination, described
i paragraph IV., of the insoluble gangue and total metals ; but what
has been said there with regard to the behaviour of silicates towards
acids applies to a much greater extent to the separation of mincerals
by selective decomposition  Not only doces the degree of decomposition
vary with the temperature, quantity, and concentration of solvent used,
the time of contact, and the degree of communution, but the dissolved
constituents themscelves may exert a shght solvent action  Moreover,
crystalline varieties arc often less soluble than amorphous ones.  The
solubility may also be affected by impuritics o1 1somorphous replace-
ments. In this manner a small amount may cscape solution, or be
dissolved, by a reagent contrary to the ordinary behaviour of the mineral.
If thereby metals present as sulphides are caleulated to oxides, or vice
versa, the final summation will be affected. It should therefore be
borne 1in mind that separations by fractional decomposition, while
quantitative in many cases, are far from satisfactory i others. At
times 1t 15 practically unpossible to establish the exact composition of a
complex ore by direct analysis, in which case 1t 15 legitimate to compute
the quantity of one or more oxides present by calculation on the assay
results. The mineralogical examination 15 the most valuable help
where chemical methods fail.

Where hydrochloric acid dissolves both the sulphides and oxides
of the same metal, the order of the reagents in columns 4 and 5 of the
table may be inverted, thus :(—

]
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4 5 ()
Nitric acid Hydrochlone acid i\; SOd'I'um Ez‘&fﬁ:ﬁ
Iron Pynites, arsonides, | Hydroxides, oxides A Oxdes
pyrrhotine
Manganose Sulphide Peroxidos B Silhicates

Pyrrhotine may also be separated from pyrtes, limonite, cte., by
means of a horseshoe magnet.!

§ IX. Determinations by Difference. — When making determinations
by difference, the following rule 1s observed wherever possible . After
the sum of the constituents has been ascertained, the subordinate 1s
estimated direet and the predominant found by difference  If the
reverse 1s done, though this may not affeet the final result, the experi-
mental error 15 all thrown on the side of the subordmate element, and
the smaller 1its amount the less rehable will be the ligure so obtamed.
To take onc constituent by difference, by subtracting the sum of all
the others from 100°00, 15 an objectionable practice in mineral analysis ,
1t 15 admissible only in the case of refined metals, the ineness of which
15 ascertamned by deternmuming the impurities

The *“loss on 1gnition method ” for the estimation of combined
water can only be used occasionally, as with some oxidised nuncrals,
such as bauxite, limomte, and certain sitheates  Organie matter, car-
bonates, sulphides, sulpharsemdes, cte, cause high results, whle
ferrous compounds lower them With a httle practice, Penficld’s direet
determination of combined water 15 almost as simple as that by loss on
1gnition.

In a few cases earbon dioxade and combined water can be estimated
together by loss on 1igmition  viz. with oxidised ores free from sulphur,
consisting of carbonates of copper, zine, or lead, with or without ferrie
oxides or hydroxides. This 15 done at a gentle heat i a poreclan
crucible, avoiding reduction of 1ts contents by the burner gases.

§ X. Accuracy. ‘‘ Traces.”—Concerming the degree of accuracy to
be attained, a final error of 4-0 50 per cent should not be greatly ex-
cecded, and a complete analysis which sums up to between 99 50 and
100 50 15 very satisfactory.  The results arc calculated to the second
decimal place.  To go beyond this 1s useless 1n practical ore analysis.

The usc of the term ““ trace ” may here be considered, as opinions
differ regarding the amount to which 1t should be apphied. However,
from the pomt of view of technical ore analysis, we may define as
“trace ” a quantity that does not affeet the final result, ¢ e. less than
001 per cent  (This does not, of course, apply to noble metals, which
are calculated to ounces per ton.)

In scientific work (e.g. geochemustry, genesis of ore deposits, distri-

! Lunge-Keane, 7 echnical Methods of Chemical Analysis, vol. 1 patt 1, p. 289.
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bution of elements, ctc.) a full analysis also includes the determination
of elements present in *“ speetroscopic ”* traces, and often mvolves the
working up of large quantities of material. The deseription of such
work 15 beyond the scope of this book, and it must be understood that
the term “ complete analysis ” is applied throughout to the estuna-
tion of the major constituents of mincrals, as carried out by the more
elementary methods here deseribed.



CHAPTER 1I.
THE I'IRST GROUP.

LITHIUM -RUBIDIUM--CZASIUM,

GENERALITIES.

Oy the thiee rarcr mctals of the alkali group, thium s related to sodiam.
Thus the chlotoplatinatcs of the two metals ery stallisc with six molecules
of water, and are very solublc m water and in aleohol  On the other
hand, the comparative msolubility of hthium carbonate, fluonde, and
phosphate cestabhshes a certam sinilanty with caleraum.

Rubidium and caestum bear such a close resemblance to potassium
as to render almost impossible thew dentification by ¢hamical methods
i presence of cach other.  All the more mportant salts of the three
mectals arc 1somorphous, und they are preapitated together by all the
reagents used for the precpitation of potassium

The speetroscope 15 indispensable 1 all analytical work on the rarer
alkall metals.

LITHIUM,

§ I. Minerals.--(a) Lepidolate, hthium nneca, Li1;Al(S104),, closcly
aesembles muscovite exeept 1 colour, which 1s violet, lilae, or rose-red,
though sometimes white. I1 25 4; sp. gr. 28 3. Often contains
rubidium, cwestum, and fluorine.  Zinnwaldute 1 another (hydrous)
variety of lithum mica.

(b) Spodumene, 1aAl(S10;),, belongs to the monochnic pyroxenc
group. Greemish or greyish, translueent crystals of pearly lustre.
H7, sp.gr.81.

(c) Petalate, L1Al(S1,05),, 15 usually massive, rarcly ecrystallised.
Colourless or white, transparent to translucent  H6; sp.gr. 2 5. Thus,
hke the preeeding minerals, 15 practically unattacked by acids.

(d) Amblygonte, hthium alummium fluophosphate, Li(AlF)PO,.
White, yellow, green, or brown triclime crystals of perfect cleavage.
Soluble in sulphuric acid. I 6; sp. gr. 3. '

(e) Triphylite and hthiophylite are hthium ron manganese phos-
phates, Li(Fe,Mn)PO,. Orthorhombie, lustre vitrcous to resinous.
H4-5; sp.gr.85. The colour of the former, in which iron predominates,
is greenish-grey to bluish; the latter, containing more manganese, 1s
salmon-coloured to yecllow-brown.

36
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(f) Beryl (q.v.) often carries lithia.

(g) The element 1s wndely distributed i small quantities i alkah
minerals, e.g. felspars, micas, and rocks contammg them  Through
the disintegration of the latter it 15 converted nto soluble salts, henee
1t occurs 1n spring and mineral waters and m soils It 15 absorbed by
vegetable organisms. and has been deteeted i many plant ashes.

§ II. Properties and Compounds. («) The metal s obtained, hke
sodium, by heating the cartbonate with charcoal It s silver-white on
fresh surfaces, softer than lead, and the hghtest sohd (sp ar 0 59).
Its melting-point 15 180°, 1t combines direetly with oxygen to 11,0,
hydrogen to LaH, nitrogen to Li;N, and the halogens  Acids dissolve
1t with ease, while water 15 decomposed by it, though not violently.

(b) Lithwum hydrowide, TaOE H,0, 15 formed by the action of the
mctal on water, or by double decomposition between hthium salphate
and barium hydroxide  Coloutless erystals, which lose thenr water of
hydration when heated 1in a current of hvdrogen

(¢) Lathvum chloride, T1aCl. obtamed by dissolving the hydroside or
carbonate in hydrochlonie acid, forms colontless, extremely de hqueseent,
crystals, very soluble in water, also m varous aleohols and v pyridine
The salt melts at 606°  Eyaporation of 1ts aqueous solution to dryness
causcs very slhight hydrolysis, the residuce is not quite soluble in pyridine,
and mmparts alkaline reaction to water

(d) Lathwum chloroplatinate, Ta,PtCl, 6f1,0. rcsembles the sodium
salt, and 15 rcadily soluble in water as well as i a minture of aleohol
and ether.

(e) The nutrate, LANO . 15 1somorphous with sodium nitrate; very
soluble in water and 1n alcohol

(f) Lithwum sulphate, 11,50,.11,0 , wlible i water and i aleohol.

(8) Lathwum carbonate, L1,CO, 15 o white ervstalline powder obtamed
when a strong solution of the chlonde 1s poured mto an ammonacal
solution of ammomum carbonate and the hqmd heated 100 part
of water dissolve 14 parts at 10% and 073 part at 100" Tt 15 more
soluble 1n presence of salts of sodium and potassium, and much more so
n presence of ammonium salts  The carbonate 1s completely dissociated
when heated to 780° 1n a curient of hydrogen

(k) Triathaum phosphate, 21.1,P0,.11,0, 15 precipitated by addition
of sodium phosphatc solution to solutions of hthium salts  The preci-
pitation is not complete unless caustic soda 15 added to neutralise the
frec acid formed: 8L1,S0,-+2Na,ITPO,--2L1,P0, + 2Na,50, t H,50,
The crystalline preeipitate becomes anhydrous at 100°. Tt 15 soluble
In 2539 parts of water or 3920 parts of dilute ammonia, but much more
soluble 1n presence of ammoniun salts,

(i) The fluoride, 1aF, 1s preaipitated from hithhum solutions by
ammonium fluoride  Soluble 1n 800 parts of water

§ II1. Quantitative Separation.--(a) The scparation of hthium from
metals of other analytical groups 15 carried out hike that of sodium and
potassium. For the separation of alumina the basic acetate process
should be adopted, as the hydroxide precipitated by ammonia rctains
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hthium. The scparation of the alkaline-carth group with ammonium
carbonate must be carried out in presence of considerable ammonium
chloride, and the preapitate thoroughly washed with hot water (cf.
§ 1L (g)): 1t 15 advisable to dissolve the preeipitate i hydrochlorie
acid and repeat the preaipitation The combined filtrates and washings.
if at all bulkv. should be concentrated and tested for caleium (strontium)
with sulphuric acid and aleohol.  Caleram oxalate precipitated in
presence of hthium 1s always contamimated with the latter, and 1t 15
difficult to cffeet complete removal by washing.  Magnesium 1s precipi-
tated by Iime water after expelling ammonium salts  The separation
of lithtum fiom the other metals of the alkalh group will now be
deseribed.

(b) Separation from Large Quantities of Sodwum and Potassium.'—
The <olution of the chlonides 15 concentiated as much as possible, and
saturated with hvdrochlorie acid gas mtioduced mto the flask by means
of a tube, the enlarged end of which termuinates just above the level of
the hquid. Most of the sodmm and potassium are preaipitated as
chlorides. The acid hquor 1s filtered through asbestos, and the preei-
pitate thoroughly washed with strong hyvdrochlorie acid  The filtrate
and washings, contaiming all the hthium and a httle potassium and
sodmm, ate evaporated to dryness, the residue dissolved i water and
a few drops of hvdrochlorie acid, and treated as under (c)

(¢) Separation from all other .Alhal Metals —'This1s based on the solu-
bility of hthium chloride 1 certamm organie solvents, such as amyl
alecohol, pyridine, or a mixture of equal volumes of ethyl alcohol and
cther (both absolute)  FExcept the first named. these solvents are added
to the dehydrated nmuxed chlondes and the mixture heated to boiling
to dissolve the hthmam salt With pynmidine, two (sometimes three)
extractions are necessary It ether-aleohol 15 used, the chloride miature
15 allowed to stand overmght in contact with the menstruum.  Gooceh’s
dmyl aleohol method 215 carried out as follows -

The concentrated solution, containing less than 02 grm: of the
mixed chlondes and a few drops of hydrochlorie acid, 15 treated 1 a
small conieal flask with 10 ¢ ¢ of amyl aleohol (B P. 129° 132°), and
cautiouslv heated on an ashestos gauze , the flask 1s provided with a
capillary tube, passig through a doublv-perforated stopper and dippig
into the hquid, through which air 1s passed by aspiration to facilitate
boiling  When all the water and part of the aleohol have been driven
off the hquid 1s allowed to cool : 2-3 drops of strong hydrochloric acid
arc then added to convert mto chloride the small quantity of hithium
hydroxide formed by hydrolysis.  The hquor 1s boiled for a short time,
and fltered whilst hot through asbestos.  The residue 1s carefully
washed with boilled amyl aleohol, the filtrate and washings evaporated
to dryness in an air-bath, the residue dissolved 1 dilute sulphurie acid,
and filtercd from organie residue into a tared platmum crueible ; this
solution 15 evaporated to dryness, the residuc gently heated till fused,

! Treadwell-Hall, Analytical Chemastry, 1905, vol u 45, 62
t Amer Chem Journ., 1887, 9, 33 100 c ¢ dissolve 6 6 grm LiClL
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the crucible covered, cooled, and weighed. If the proportion of lithium
in the mixed chlornides is small, the residue from the extraction with
amyl alcohol should be dissolved 1n water and the treatment repeated.
As the weighed lIithium sulphate contains small quantities of the other
alkalies, a corrcetion must be apphed. For every 10 c.c. of alcoholic
filtrate (cxelusive of the alcohol used for washing) the following deduction
1s made from the weight found : —

0:0005 grm. 1If sodium 15 present.
000059 ,, ,, potassiumis
000109 ,, ,, sodium and potassium are present

The solubility of rubidium and casium chlorides 1s of the same order
(2.e. 00009 grm. per 10 c.c.). If sodium and potassium are also deter-
mined, corresponding additions must be made to the weaight of the
chlorides, z.e. 0 00041 grm. for sodium and 0 00051 for potassium per
10 ¢ ¢ of aleoholic hiquor.

(d) Separation from Potasssum.—When potassium 1s precipitated
as chloroplatinate m presence of hithium by the usual process, some
hithium 15 oceluded 1 the precipitate ; hence 1t 15 preferable to use the
above extraction method

§ IV. Gravimetric Determination.!—(¢) The determination as sul-
phate has already been deseribed under § III, (¢). It 1s the most
conventent nicthod, and the precautions required in the case of potassium
and sodium arc unnecessary, as no acid sulphate s formed

(b) As phosphate,? 14,0, This mode of working yields high results,
To the chlonde solution a concentrated solution of sodium phosphate
and a shght excess of caustie soda are added.  The residue left after
cvaporation 1s taken up with a mmmmum of warm water followed by
an cqual volume of ammonma  After standing for twelve hours, the
precipitate 1s filtered off and washed with ammoma, the filtrate and
first washings are evaporated to dryness, and the residue agam treated
as before ; 1t should dissolve completely in ammonia, and any residue
must be filtered off  The precipitates are dried, separated from the
paper, and 1gnited to constant weight.

§ V. Volumetric Determination.- -Lithium hydroxide, carbonate, ete.,
may be determmed according to the ordinary processes of alkalimetry.

n
1 c.c. 1o acid=—0 001494 grm. L1,0.

§ VI. Detection in Minerals. —(¢) Lithium compounds and minerals
impart to the flame a beautiful erimson colour.  The reaction 15 made
more scnsitive by first moistenig the materal with strong hydrochlorie
acid ; some mnerals require fusion with potasstum bisulphate and
acide fluoride 1 a loop of platinum wire.  The colour 15 maskad by the
yellow sodium flame, but can be distinguished through blue glass or a
thin layer of mndigo solution. Potassium m considerable quantity hke-

U Estimation as luonde  Carnot, Z wnal Chem , 1890, 29, 332
2 Mayer, Annalen, 1850, 98, 193
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wise interferes with the test. For the certain detection of lithium,
especially ‘small quantities, recourse must bc had to the spectroscope ;
when observed through it, the spectrum of lithium is seen to consist of
two lines 1n the red, o (32)=6708 and B (45)=6104.! The reaction is so
sensitive that unweighable traces of lithium can therchy be detccted ;
as little as 0-:000.001 mgrm. will produce a transient appearance of the
red lines. They are intense and persistent if the mineral under investi-
gation contans weighable quantities.

(b) If 1t 1s desired to prove the presence of lithium by a wet reaction,
the fincly-powdered muneral, if a silicate, is opened up with hydro-
chloric and hydrofluoric acids ; the acid iquor 1s evaporated to decom-
pose fluorides. diluted. "and precipitated with baryta or lime water.
Phosphate minerals are best treated by L. Smuth’s method, and the
ignited product leached with hot water. In either case the alkaline
earths are precipitated 1 the filtrate with ammonium carbonate or
oxalate, the solution filtered and evaporated to dryness, and the
ammonium salts expelled by gentle igmtion.  The residue is extracted
with ether-alcohol and two drops of hydrochlorie acid, and the filtered
extract evaporated to dryness The residue 1s dissolved 1 a little
water, and the solution divided mto two parts Onc 1s treated
with sodium phosphate, as shown under (b), § IV.; the phosphate
precipitate 15 soluble in hydrochloric acid. and the solution remains
clear on addition of ammonia; but on boiling, a heavy crystalline
preeipitate 15 produced.  The other half of the solution 15 heated
with ammonium carbonate (§ II, (g)); the washed carbonate precipi-
tate may be converted into chloride and the latter submitted to the
flame test (a)

§ VII. Determination in Minerals.—The proccdure for the determina-
tion of lithum 1n mmerals does not differ from that followed 1n the case
of sodium and potassium up to the point where the pure mixed alkali
chlorides arc obtained 1 a weighable form. If potassium and sodium
are also to be determuined, the salt mixture 1s weighed quickly, on account
of the hygroscopiaity of the lithium compound. Of the various methods
available for alkall detecrminations that of Lawrence Smith is most
satisfactory, though decomposition with hydrofluoric acid, or fusion
with lecad or bismuth oxide, may also be adopted. In every case the
(wcighed) alkali chlorides are dissolved 1n a httle water and rinsed into
a small conical flask ; 10 c.c. of amyl alcohol are added, and the determi-
nation concluded as explained in § II1, (c).

§ VIII. Complete Analysis of Minerals.—In complcte analyses n-
volving a determination of alkali mctals, the latter 1s nearly always
done on a separatc portion of the mineral. This mode of working is
adhered to in the examples given below.

(a) Silcates.—The most interesting member of this group 1s lepidolite,
which, in addition to hithia, may contain as much as 8 per cent. of
rubidia as well as ceesia (0-7 per cent.).

! The numbers m brackets refer to the position of the lines on the scale comprising
170 subdivisions, i which the yellow sodium line is situated at 50.
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First Portion : SiO,, F, TiO,, Al, Fe, Mn, alkaline earths.

Fuse 1 grm. with 6-8 grm Na,('O;; leach with water, filter, wash with 2 per cent
Na,CO,.

¥ ndrl 10 grm  (NH,),('O4 let stand
at 40° overmight, flter, wash with dilute
NH,),(0,

Rt dissolve in HCI, evaporate to dry-
ness, take up with dilute HCI, filter,
wash.

[
F2  pass H,S, | R* add P and re |T’4 .xdd to RZ F*  add a few cc of
filter, rejoct ppto, | sidue fiom P35, 1gmitoe, ‘— — —' ammoniacal Zn0 solution,

boil off H,S, add | weigh  Treat  with | boil to expel NH , filter
solution from R3, | HF + H,80,, igmte |— - —
determie Al | weigh agam

Fe, TO, Mn, |— ———-—-— —
alkaline earths | 13 R3  fuse with

o

P35 dissolve mm HCL eva- 1 s determine
porate to dryness, take | luorine (Pro-
up  with  dilute  HCL, | cedure 13, ¥?)
(Procedure 5 et | S10. | NalSO,, leach, | hlter, reject tiltrate, add | - — ——
seq ) ppte cold with | residue to R¢

NH,OH, dissolve pptu|f - - B T c e ——
n H(I ad(l to 1'"‘"

.

Second Portion. for alkalies

1 grm of finely powderod mineral 1s ground with 1 grm of purest NH (l then with
8 grm of purest ppted CaC'Oy lzmio gently 1n platinum (finger- &h.lpod crucible f
available)  Extract with hot \mtvr. filter, wash thorouchlyv The restdue must dis-
solvo completely i HCL Showing complete attackh Ppte filtrate with NH,0OH
+(NH,),CO, adding 2-3 grm NH,(, filter, wash thotoughly, dissolve in HC, repeat
pption  KEvaporate the combmed filtrates i platinum or porcelan, heat residue in
air-bath to expe]l NH, salts  'Take up tesdue wath a few ¢ e of H,0, add a drop of
BaCl, solution, a few drops of NH,OH and (NIL,),('0,, heat, lot stand, hiter  Eva-
porate filtrato m tared platinum dish, heat yesidue i air-bath, and weigh Take up
with a httle H,0, filter through a tiny paper mmto a small comcal flask, wash, ignite
and woigh tho small residue, subtract weight from that previously obtamed  Differ-
once=mixed alkali chlotides  Tieat fltrate with amyl alcohol, hlter, wash with
amyl alcohol SIIT (e)
K1 uvup()mn avl\ ‘ohol, m\mh Ll(‘l
Tost  weighed <alt with H_} tCg,
udd any ppto to P2

’

Rt rmee into poreelam dish with o httle
water, add excess of H,PtClg, ovaporate, take
up with alcohol, filter, wash with alcohol

P2 add any pptv from 't IDissolve 1 hot
dilute  HCL, ppte Pt with H,S, evaporate ‘mth dilute HC1, boil, ppte Pt with
hltrate to dryness, take up m mimimum of H,0, | H,8  evaporate fltrate to dryness,
add Sh(Y, <olution n stiong HCL filter on | 1gnite gently, weigh Na(l

hardened paper, wash with strong H('l e e - - ——

Iz Iumporato alcohol ml\o up

P dissolve 1n (hlute HCL pass | (hluto pass th ]l]t(,l‘ Lvapomlo hltmto
H,8, filter, evaporate filtrate to | to dr\nma gently igmite  readuo,  weigh
dryness, gently igmite 1esidue, weigh | KCL+ Rb(1 J)H\nlvo m dilute [INO,, ppte
CsCl | with AgNO,, filter wash

¥4 Remove oxcess of Ag-with H('l, cvapnmln hltmt( to dryness, | P4 agmite, weigh
and once moro with HCL, to recover KCl and Rb(1 for spectro | AgCl, caleulate to
scopic_determination (see Rb, § I11)  If the quantity of nuxed | K(1 and Rb('l
chlorides of K,Rb 15 very small, the mdiect determmation by '— - e
AgNO; 18 usoless ; ; proccod at once by qm( trose opu mond

Third Portion : for combined water by Penfield’s method, using lead
oxide as a retainer for fluorine.
(b) Beryl.—See Beryllium, § VIII.
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(¢) Phosphates.

Furst Portion. for phosphoric acid, fluorine, silica, iron, alumina,
titanium, mangancse, and alkaline carths, apply Procedure 13 (consult
also § 111, (a)).

Second Portwon  for alkalies, sece (a), second portion.

RUBIDIUM,

§ I. Minerals.- -(a) Rhodizate, rubidium aluminium borate, Rb,O.
2A1,0,.8B,0,, 15 a very rare mincral, which has been found in the form
of minute, white, translucent crystals on tourmaline., Tetrahedral.
H 8; sp. gr. 34. Contamns also casium and potassium

(b) Lepdolate (g.v.), though a hthium mineral, 1s the most abundant
source of rubidium, some varieties contammg as much as 3 per cent.
of rubidia.

(¢) Rubidium 1s met with i minute quantities in a number of minerals,
such as felspars, micas, leucite, spodumene, carnallite, ete.  Like Iithium,
it 15 dissolved 1n the process of weathermg, and 1s found m mmeral
waters, soils, and plants.

§ II. Properties and Compounds.--(a) The metal 15 very soft and
sitver-white, but oxidises rapidly, and takes fire 1n air It burns also
when brought i contact with water. Sp gr. 152; M.P 385°;
B P. 696°. Its vapour 1s blue  The following methods can be adopted
for the solation of the clement  reduction of the chlorde with
caletum, or of the hydroxide by means of aluminium or magnesium,

(b) The hydroaide. RbOI, 1 prepared from 1ubidium sulphate and
caustic baryta by double decomposition , the solution, freed from barium
sulphate by filtration, leaves on evaporation a greyish-white dehiqueseent
mass, which 15 a stronger base than potassium hydroxide

(¢) The chlorde, sulphate. mirate, carbonate, and, gencrally speaking,
all rubidium salts, bear a close resemblance to those of potassium.
The carbonate 15 deliqueseent Rubadium  alum,  perchlorate, and
cobaltinitrite are more o1 less difficultly soluble

(d) Rubidium chloroplatinate, Rb,PtCl,, 15 a ycllow preapitate
obtamed hike the potassium salt (sce Platinum, § 11, (e)); 1t 1s 1somorphous
with the latter, and less soluble (¢f Caesium, § I, (d),.

§ III. Quantitative Separation.--(a) The scparation of 1ubidium from
all other metals, neluding sodium and hthium (g v ), is cffected exactly
like that of potassium

(b) Separation from Potasstum. No cxact method for the separation
of these closely-allied metals 1s known  The separation of the chloro-
platinates 15 one by fractional precipitation or crystallisation, the
rubidium accumulating in the less soluble fractions.

(1) If the available quantity of the mixed potasstum and rubidium
chlorides or sulphates 15 fairly large and contains a substantial pro-
portion of rubidium salt, the two metals can be estimated accurately
by the indirect method, viz. determination of the acid radicle.

(2) In the majority of cases the above procedure 1s not applicable,
and the only alternative consists in determining rubidium spectroscopi-
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cally in presence of potassium. Gooch and Phinney ! proceed as follows :
The mixture of alkaline chlorides 1s first precipitated with chloroplatinic
acid to chminate sodium The chloroplatinates are converted into
chlorides, and the bulk of the potassium precipitated by addition of
alcohol to the concentrated solution.  The filtrate 15 evaporated to dry-
ness, and the residuce dissolved m a known amount of water. The
standard rubidium chloride solution 1s made to contam hetween 0 0002
and 00005 mgrm. Rb per 1/50 ¢ ¢ (or 0 01142-0-0355 grm. RbCl per
Iitre).  The coils used in the determination arc made of 032 mm.
platinum wire ; cach 15 wound into a 30-turnespiral, 1 ¢m. long and
2 mm. i diameter, which will hold 1/50 ¢ ¢. of hquud ~ One 1s dipped into
the standard, the other mto the test solution; the spirals are brought
mto two Bunsen flames, and the latter obscerved through a double-
vision speetroscope, the shit of which 1s adjusted to 0 2 mm Potassium
chloride 15 first added to the standard until the blue potassium line
(B at 153) matches that i the test The blue rubidium Iines (@ and B)
arc then compared, and one of the solutions diluted until the hnes are
of equal mtensity  The concentration of the two solutions in rubidium
bemg equal, the quantity present m the test 15 found by means of the

Vol of test x Wt. of RE tandard
formula vol ortest x o > 1 Standar A dark room 1s essential
Vol. of standard

for the success of the operation, which yields results comparing withm
10 to 20 per cent

(c) Separation from Cawsium - -Sec Cestum, § II1, (¢)

§ IV. Gravimetric Determination.—(a) In pure Solutions.—Rubidium
15 usually weighed as the neutral sulphate, obtamed by evaporating the
solutton with sulphurie acid and gently igniting the residue with
ammonium carbonate.  Addition of the fattcr 1s essential, as rubidium
bisulphate 1s very stable  The mctal may also be weighed as ehlonde,
or chloroplatinate, m every case the operations are condueted as for
the estimation of potassium

(b) In Presence of Potassaum - -See § 111, (b)

§ V. Detection in Minerals.--Rubidium affords cxactly the same
reactions as potasstum, being preapitated as ehlooplatinate, cobalti-
nitrite, perchlorate, hydrotartrate, cte. Nor can 1t be distinguished
from potassium by the flame test, as 1t also gives a violet coloration.
The spectroscope 15 the only certain means of detecting and 1dentify-
mg rubidium. A small quantity of the powdered mineral (mixed with
potassium bisulphate and acid fluoride if necessary) 1s brought into the
flame on a loop of platinum wire. The following principal lines 2 are
characteristic - -

a (violet) — 4204 (136-137)
B (bluc) -=4216 (135)
y (red) ==7799 (16).
d (red) =7950 (14-15)
1 Amer Journ Sci, 1892, 44, 392

* The numbers 1in brackets refer to the position of the lines on the scale comprising
170 subdivisions, 1n which the yellow sodium line 1s situated at 50



44 THE ANALYSIS OF THE RARER ELEMENTS.

The reaction is of the utmost sensitiveness, as it is given by as little as
0-002 mgrm.

§ VI. Determination in Minerals.---This is described under the
complete analysis of lepidohte (Lithium, § VIII, (a), second portion).

Spectroscopre Method for Rubrdium (and Cesiuan). - ~-Where the absolute
quantity of rubidium and ceestum 15 very small, the speetroscopic
method 16 the only one available  In W. O. Robinson’s process, the
concentrated, slightly acid solution of the mixed alkah chlorides 1s
preaipitated with 0 05 grm. of chloroplatinic acid ; the hquid is well
stirred, and cvaporatc® till pasty  The exceess of potassium (sodium)
chlonide 1s dissolved quickly in a mimimum of hot water, the precipitate
filtered off on a tiny perforated dise of platinum foml covered with
asbestos, and washed with 80 per cent. aleohol.  The filter is gently
ignited in hydrogen to reduce the platimie chlonde, washed with hot
water, and the filtrate evaporated to pastiness 1 a small platinum dish.
The mass 1s taken up with four drops of strong hydrochloric acid ; the
liquid 15 filtered into a graduated 2 or 3 ¢ e. flask, and the residue ex-
tracted twice more with the above quantity of acid  The volume 1s
adjusted, and a platinum spiral dipped into the solution, then held 1n
the Bunsen flame, and the latter exanuned through a spectroscope.
The blue rubidium and eacsium hnes are compared to those obtamed
with standard solutions contaimng known amounts of rubidium and
caesium and excess of potassium chlorides, as in the method of Gooch
and Phinney (§ ITL () (2)). An accuracy of 5 to 10 per cent. 1s elaimed
to be casily attamed.

Complete Analysis. —See Lathiam, § VIII.

CAESIUM.

§ I. Minerals.— (a) Pollucite (Pollux), cwsium alumimmum  sihicate,
H,Cs,Al(S10,),, 15 colourless and transparent, and oceurs crystallised
(cubie) as well as massive  Very rare mineral, found chiefly m Elba
Part of the cwsia 15 replaced by soda, but rubidia 15 completely absent,
or almost so. M1 65; sp gr 29.

(b) Lepidolite --Sce Lathium, § 1.

(¢) Vorobyevite 15 a varicty of beryl contaming up to 3 per cent. of
cacsia

(d) The disintegration of rocks composed of silicate minerals which
carry minute amounts of ciestum furnishes soluble salts of that metal ;
henee traces are found 1n mineral, spring, river, and sca water

§ II. Properties and Compounds.--(«¢) The metal is prepared by the
samc mcthods as rubidium  Like the latter 1t 15 silver-white, and takes
firc in the air as well as i water.  Sp. gr. 1 88; M.P. 26 4°, B.P. 670°.

(b) Cawsium hydroride, C5OI1, is prepared hike rubidium hydroxide,
whi¢h it resembles It 15 the strongest base known, and casium the
most electro-positive metal.

(¢) The salts of ceestum are 1somorphous with, and closely resemble,

v Journ Indust Engwn. Chem , 1918, 10, 60, Journ. Soc. Chem \Im, 1918, 76a.
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those of rubidium and potassium. The deliquescent carbonate 1s soluble
in absolute alcohol.

(d) The chloroplatinate, Cs,PtClg, is precipitated by chloroplatinic
acid as yellow octahedra; 1t is the least soluble of the alkali chloro-
platinates ; at 20°, 100 parts of water dissolve

K,PtCl; . 1-12 parts. ,
Rb,PtCl, . 0141,
Cs,PtCl, 0070 ,,

(e) Cewsium dichloroiodide, CsCLI, 15 one of the many polyhalides
known ; re-crystallisation of this salt has been the means of purnfying
material used 1 the determmation of the atonue weight of casium.
Tr1- and pentahalides have been prepared.

§ III. Quantitative Separation.—(a) Separation from Lathwunt—Sce
Lathium, § I1I, (¢).

(b) Separation from Sodwm.—Cwsium 1s precpitated as chloro-
platinate, like potassium.

(¢) Separation from Rubidvum and Potassium. --(1) The concentrated
solution of the chlondes contaming onc-third to one-half 1ts bulk of
hydrochloric acid 1s treated with a strongly acid solution of antimony
trichloride, when the cwsium scparates as a white crystalline preci-
pitate, consisting of 3C<Cl 2SbCl,  This 15 hltered off on hardened
paper, washed with strong hydrochloric acid, and dissolved 1n dilute
acid. The antimony 1s elimiated as sulphide, and the filtrate evaporated
to dryness, giving castum chloride.!

(2) Stannie chlornide solution added to the concentrated solution of
the chlorides produces a crystalline precipitate of caestum chlorostannate,
Cs,SnCl,, from which cwesium chloride 15 obtamed in the same manner
as 1n the previous procedure Ammomum salts must not be present
m this case.?

(8) Thesolution s treated witha shght excess of lead mitrate, saturated
with chlorine, and allowed to stand overmight.  The preaipitate pro-
duced 15 ceesium chloroplumbate, Cs,PbCl,, the solubihity of which 1s
less than 01 grm. per hitre. The salt is decomposed by hydrogen
sulphide as before.?

§ IV. Gravimetric Determination.—(a) In pure solutions the pro-
cedure 15 exactly the same as for rubidium (g.v. § IV, (a)).

(b) In presence of only one other alkah metal the mdirect determi-
nation 1s appheable (Rubidium, § 111, () (1))

§ V. Detection in Minerals.—Casium cannot be distinguished by
chemical reactions either from rubidium or potassium, except in that
1t gives msoluble double salts with the chlondes of antimony, tin, or
lead (see § I1I, (¢)); this rcaction can be carried out only mm the case
of minerals rich mn casia.  All the other precipitation tests are exactly
the same as those for potassrum. Cxsium salts colour the Bunsen

L]
1 Godefiroy, Ber., 1876, 7, 375, Wells, Amer. Chem. Journ , 1901, 28, 265
* Sharples, Amer. Journ. Scs., 1869, 47, 178,
3 Wells, Amer, Journ. Sci, 1893, 46, 186.
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flame violet ; the tint 1 more reddish than that given by rubidium or
potasstum salts, but recourse must be had to the spectroscope to identify
cesium 1 admixture with other alkalies.  This highly sensitive test 1s
carried out as for rubidium, cxsium being identified by the following
lines: 1 a (blue)=4555 (109); B (bluc)=4593(106). A third line, y (red),
at 42, 1s less prominent.

§ VL. Determination in Minerals.—(a) Spcctroscopic method for
minute quantities : se¢ Rubidium, § VI

(b) Gravimetric method : sec § VII, and Lithium, § VIII, («), second
portion.

§ VII. Complete Analysis of Minerals. —(a) Pollucite .—

Farst Portion . for silica, alumina, and common bases. Fusion with
sodlugl carbonate, cte, as usual.

Second Portion . for alkalies  The mineral 15 opened up by Lawrence
Smuth’s method (Lathiam, § VIIL, (¢)) The pure mixed alkali chlonides
arc weighed and preeipitated with chloroplatime acid — The preeipitate
15 gently ignited, the residue extiacted with water, and the filtrate
evaporated  The readue 15 wewghed as CsCl after gentle heating
its purity 15 checked by a ehlorme determmation, and speetroscopie
tests for rubidium and potassium

The filtrate from the chloroplatinate precipitate 15 evaporated to
dryness, the residue heated m an air-bath, gently ignited, and extracted
with water  The filtiate on evaporation to dryness gives sodium
chloride ; this may be tested spectroscopically for hithium.

(b) Beryl. --See Berylhium

(¢) Lepidolite. -Sce Lathium

! The numbers in brackets refer to the position of the hines on the seale comprising
170 subdivisions, in which the yellow sodium lme 15 situated at 50.



CHAPTER I1I.
THE SECOND GROUP.

BERYLLIUM —RADIUM.

GENERALITILS

Brryruioy os the fiest maomber of the sceond group m the pertodie
table  The properties of the metal and of 1its compounds recall those
of alunnnmum, while rescmbling those of the metals of the magnesium
sub-group rather than those ol the calerum metals  Thus the metal
15 of a brithant winte colour, unaltered m the aie and soluble 1 aads,
but unattacked (unbke magncsium and aluminmum) by water at any
temperature.  Its hydroxide resambles alununa i bang msoluble m
a boiling solution of ammonia and ammontum chlondc, but' soluble 1n
exeess of caustie alkalies  Its chlonde and sulphate are both readily
soluble, but are neither 1somorphous with, nor contam the same amount
of water of erystallisation as, the corresponding magncstum or aluminnmm
compounds  The oxade 1s mtermediate m properties between those of
magnesium and alumimium , 1t 15 soluble - acids and alkalies unless
strongly 1gnited

Radium 1esembles bartum verv greatly o all its properties and
compounds, the one outstanding difference being the radwoactivity
and slow disintegration of the clement, whether {free or combined

BERYLLIUM.

§ 1. Minerals. — (a) Silicates. —(1) Phenacie, berylhum  siheate,
Be,S10,,  erystallises o transparent to  translucent rhombohedral
prisms with a vitreous lustre and conchodal fiacture, colour, brown,
pale ycllow, pale rosce or colourless. H 75 sp.ar 3 0.

(2) Bertrandate, berylhum hydrogen sihicate, Be,HyS1,0,; transparent,
vitrcous ycllow tables often twmned, orthorhombie, cleavage perfeet.
H 65; sp. gr. 2:6.

(3) T'rimenate, beryllium manganesc sihicate, BeMnSi10,; pale pink to
colourless, triclinic tabular prisms  1I 6:5; sp. gr. 3 4.

(4) Beryl, berylhum aluminum sihicate, Be,AlLS1O,;  vitreous,
transparent to translucent, hexagonal prisms;  brittle, uncven
fracture; colours, green, pale blue, ycllow, whitc or pale rose.
H 8; sp. gr. 27.

(8) Euclase, hydrated beryllium aluminium silicate, 2Be0.Al,0,.

47
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28i0,.H,0; transparent pale green, brittle, monoclinic | S.
H7; sp.gr.80.

(6) Leucophamte, berylhum caleium sodium fluosilicate, BeCaNa
¥S1,04; pale green, transparent, orthorhombic tables; vitrcous lustre,
brittle; cleavage perfect. H 4; sp.gr 29. On heating or being struck
it shows a bluish phosphorescence.

(7) Melwphanate, another fluosilicate, Be,('a,NaFSi,0,,; tetragonal,
usually found massive or 1n obtuse octahedral crystals; colour, yellow
to red.

(8) Helvite (Be,Mn,Fe),51,0,S, and Danalite (Be,Mn,Fe,Zn) S1;0,,S,
are complex berylhum manganese mron zine sulphides and silicates ;
colours, yellow, brown, green or grey, translucent, brittle mincrals
with wvitreous lustre. Isometiie, usually occurring 1n tetrahedra. .
H6; sp. gr. 33.

(b) Other Mancrals. - (1) Chrysoberyl, berylhum alumnate, BeAlLO, ;
brittle, translucent to transparent. green  orthorhombie crystals,
often twimned; vitieous lustre, nearly perfect cleavage. H 85;
sp. gr 3 3.

(2) Beryllonate, berylhum, sodium phosphate, BeNaPO,; ocecurs n
transparcnt, orthorhombie, colourless to pale yellow prisms, with a
brilhant vitreous lustre and perfeet eleavage H 55; sp gr. 28

(8) Herderite, beryllium caleium fluophosphate, BeCa¥FPO,, ycllowish
to greemsh-white short hexagonal pyramids and prisms;  translucent,
with sub-conchoidal fracturc and vitrcous lustre. H 5; <p. gr. 8 0.

(4) Hambergite, basic beryllium borate. 4BcO B0, 1,0 ; greyish-
white, translucent orthorhombie prisms, vitreous lustre, perfect eleavage.
H75; sp.gr. 23.

§ IL. Properties and Compounds.—(«) The metal 15 obtamed by
cleetrolysis of the double sodium fluoride 1t 15 of a bught silver-white
colour, melts at 1278°, and becomes superficially coated with oxide on
heating m the air The finc powder readily burns on heating, forming
the oxade, and 15 readily soluble 1 acids, but does not decompose water
even at a red heat.  The compact metal 15 not attacked by cold dilute
sulphuric or concentrated mtric acid, and only dissolves slowly on
heating.  Sp. gr. 193

(b) The oarde, BeO (berylhia), 15 an amorphous white powder (sp. gr.
3 02). which on fusing 1n the clectiie furnace becomes harder than ruby,
denser and crystalline  After strong igmtion 1t 15 msoluble m dilute
acids. It may be prepared by ignition of the hydroxide, nitrate, car-
bonate, or sulphate.

(¢) The hydroaide, Be(OH),, 15 thrown down as a gelatinous white
precipitate on the addition of alkalies to solutions of 1ts salts. It 1s
msoluble 1n ammonia, but soluble 1n caustic alkalies, alkaline carbonates,
and ammonium carbonate.

(d) The chloride, BeCl, 4H,0, dchquescent crystals yielding basic
salts when heated.

(e) The carbonates : basic salts are precipitated on the addition of
alkaline carbonates to a cold solution of a beryllium salt. These
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are soluble 1 excess of the precipitant, but are re-precipitated
on boiling.

§ III. Quantitative Separation.! —Berylhum accompanies aluminium
m quahitative analysis, being preeipitated from its solutions as hydroxide
on the addition of aimmmonia and ammonium chloride.  The separation of
the other metals preaipitated at the same time 1s carried out as follows:—

(a) Separatwon from Iron, Aluminaum. Titanium.”— (1) The mixed
hydroxides (precipitated by ammoma) arce dissolved in hydrochlorie
acid and the solution ncutralised with ammonia. The cold neutral
solution 1s then treated with 10 grm. of sohd sodium bicarbonate for
cvery 100 c.c. of solution, the beaker covered, aud the contents rapidly
raised to boiling. After boiling one minute the beaker 1s cooled by
immersion 1 cold water, and the preapitated wron, alumimum, and
titanium hydroxides arce filtered off and washed three times with a warm
(70°-80°) 10 per cent. solution of sodium bicarbonate.  The precipitate
15 dissolved in hydrochlorie acid and the preaipitation repeated from a
bulk of 100 ¢ ¢. The jomt filtrates are carefully acidified with hydro-
chloric acid, boiled to expel carbon dioxide, and the solution treated
with excess of amionia to throw down the berylhium hydroxide.

(2) If the metals have been separated from the alkaline carths by
the basic acetate method the precipitate may be dried at 100° and
digested two or three times with hot glacial acetie acid.?  The 1nsoluble
ron and alummium compounds are filtered off on a hot-water funnel
and washed with hot glacial acctic acid.  The filtrate on cooling deposits
basic beryllium acetate, which 1s filtered off and washed with cold glacial
acid.  Small quantities of rron and alumimium acetates remam dissolved
i the filtrate from the beryllium.

(b) Separatron from Zwrconaum.*— The nuxed mtrate solution 1s
digested on the water-bath with an excess of caustie soda.  The zircontum
15 precipitated as hydroxide, whercas the berylllum dissolves.  If much
of the former mctal 15 present, the preapitate must be dissolved and
re-precipitated.

(¢) Separation from Uranwum.--Sec Uranium, § 111

(d) Separation  from Alwminaum > (cther process).—-The mnxed
chloride solution 1s evaporated neatly to dryness, the residue taken up
with 20 c.c. of hydrochloric acid (sp. gr. 1 2) and 25 c.c. of cther added
to the clear solution, atter which the whole 1s saturated with hydrogen
chloride.  The preeipitate of AlCL 6H,0 1s filtered on asbestos (Gooch
crucible) and washed with a cold mixture of cqual volumes of strong
hydrochloric acid and cther saturated with hydrogen chloride. The
berylhum m the filtrate 1s recovered by cvaporation and preapitation
by ammomna.

! For general analytical chermstiy and reterences sce Paisons, The Chenustry and
Laterature of Berylhwum, Easton, Pa, 1909
2 Parsons and Barnes, Jowrn Amer Chem Soc, 1906, 28, 1589,
o8 3 Parsons, Journ Amer Chem Soc , 1904, 26, 738 , Parsons and Robinson, sb:d., 1906,
, Bb5.
¢ The phosphate method may also be used (Titamium, § 111, (b) (2))
® Havens, Amer. Journ. Scu., 1897, 4, 111, Chem. News, 1897, 76, 111.
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(e) Separation from Cerium Metals.!—This 1s best carried out by
precipitation of the cerium metals with sodium sulphate (see Rare
Earths, § II1.). The berylhum in the filtrate is precipitated with
ammonia.

(f) Separation from Yttrium Metals.*---The acid solution containing
sufficient acid to make it 0 8 N 1s treated with an excess of oxalic acid
(sec Rare Earths, § 111.). The filtrate is evaporated to fumes with
nitric and sulphuric acids to destroy oxalic acid and the beryllium
precipitated with ammoma.

§ IV. Gravimetric Determination.’—Beryllium, ke alumnium, 1s
precipitated as hydroxide by the addition of a shght excess of aimnmoma
to 1ts solutions. The operation 1s best carried out mn boiling solutions ;
the hquid after precipitation should smell only very shightly of ammonia.
The precipitate must not be washed with pure water; a 2 per cent.
solution of ammonmum mtrate or acctate should be used to prevent
loss of the colloidal hydroxide. Al traces of chlorides must be removed
before 1gnition ; the precpitate 1s ignited wet and weighed as BeO.

§ V. Detection in Ores.’—The ore 1s fused with sodium carbonate,
the melt leached with hot water, the solution acidified with hydrochlorie
acid and cvaporated to dryness  The dry mass 1s taken up with hot
dilute hydrochlorie acid and the msoluble matenal (S10,, Cb,0;, ete.)
removed by filtration.  The solution is trecated with hydrogen sulphide,
filtered, and the filtrate boiled and oxidised with mitric acid. The
solution 15 ncarly neutrabsed with sodium carbonate, evaporated to
25 c.c. and cooled. It 15 then treated with 2 grm. of solid sodium
peroxide, boiled, and filtcred  The filtrate 15 acidified with mitrie acid
and a shght cxcess of ammonia added.  If no precipitate forms, beryllium
is absent ; if a gelatinous preciprtate 1s thrown down, 1t 1s filtered off,
dissolved 1 a mummmum of hydrochlorie acid, 3 grm. of sohd sodium
bicarbonate added, the muxture boiled one minute, and filtered.  The
filtrate 1s diluted with ten times 1ts bulk of water and boiled, when a white
precipitate of basie caibonate forms if beryllium 1s present.®

§ VI. Determination in Ores.— (a) Sulicates.—F¥rom 1 to 2 gim. of
fincly-powdcred ore are fused i a platinum erueible with six times therr
weight in sodium carbonate,  The cold melt is leached with water, the
solution acidificd with hydrochlonie acid and evaporated to dryness.
The residuc s taken up i dilute hydrochlotie acid and the sihica filtered
off. The solution 15 ticated with hydiogen sulphide, filtered, and the
filtrate boiled to expel eacess of the gas  Atter oxadising with a hittle
nitric acid the hquid 15 nearly neutraliscd with sodium  carbonate,
treated with 10 grm of sohd bicarbonate per 100 ¢ ¢. and boiled one
minute ; the preaipatate is filtered off, washed, dissolved, and re-precipi-
tated, as deseribed mn § I, (@), The beryllium in the mined filtiates 1s
recovered by carclul neutralisation with mtric acid, followed by preeipr-

: }u‘gl;lbs, Amer Journ Sca, 1864, 37, 354 , Berthier, Annalen, 1843, 46, 182

?
3 For general analytical chemistry and rcferences, sec Patsons, The Chemustry and

Ltterature of Berylhum, Easton, Pa, 1909 4 Ibid.
8 Wunder and Chéladzé, Ann Chum anal., 1911, 16, 203
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tation with ammonia in the presence of ammonium chloride. The
beryllum hydroxide is well washed with hot 2 per cent. ammonium ..
acctate, ignited wet, and weighed as BeO.

(b) Phosphates.——Onc gramme of the very finely-powdered mineral 15
decomposed by gently boiling with 25 c.c. of aqua regra The solution
1s evaporated to dryness, the residue taken up with mtric acid and the
latter again evaporated to dryness; the mass 15 once more taken up
with nitric acid and the solution treated with an exeess of molybdate
mixture. After heating to boiling the whole 15 allowed to stand over-
night, the precipitate of ammonum phosphomolybdate filtered off and
washed with 2 per cent. nitric acid.  The filtrate 15 precipitated with
ammonia, the washed precipitate dissolved i hydrochlorie acid, and
the solution trcated with bicarbonate. as deseribed under (a)

§ VII. Complete Analysis. —Silicate mincrals contamnng beryllhum
may contain 1in addition alumina, 1ron, manganesc, zine, me, magunesia, -
alkalies, fluorine, sulphur, and water. The following table takes mto
account all these constituents, and 15 switable for the analysis of all
beryllium mincrals except phosphates and borates

First Portion.—

Fuse 1 grm of the minaral with 6 grm of sodium carbonate m platinum  Leach wath
hot wator, filter, wash with 1 per cent Na, ('O,

F'' boil with 10 gim (NH,),C0, until | R' issolve m HC, evaporate to dry-
smell of NHy has disappeared  Filter | ness, take up in didute HCL,  filter,
wash with hot NH,OH water and wash with hot water

P2 add RS, agmtc, | 12 boil with am-{ R add to P* | 1% add solution from
weigh,  ticat  with | moniacal ZnO untal | - - e TR Pass HLS, filter,
HF and H,80,, eva- | NII; 1 expelled | and 1eject precpitate Bol oft excess
porate, ignmite, weigh | Filter, wash with hot ] of HS, oxihise with 1INO,, add 5 gim
again water NH,('1 and excess of NHLOH B,
- - | Rlbe, and wash preapitate with 5 per
13 810, [ R® fuse [ PY O Dis- [ F4 0 treat ' cent NH (1, re dissolve hvdroaides in
—| with [solve m |withCal'l,| HCL, add 5 gim NH,(], re-preapntate
KIISO,, leach, add | HCL eva- | for  fluor- | with NILLOH  Unite the two hltrates

to I perate to| me Pro | —— e
== ==l dryness, | cedure 13 ] P¢ Dis- | F* pass H,N, hlter, wash

take up mm dilate HCL, filter, solve | wath (NH,),S

reject filtrate  Tgnite and | FHCL and |- — - - e

weigh precipitate  Add weight preapttate | P70 ZnS and | F7 ‘a0,

to L2 l the Fe,O, | MnS, separate | MgO Nee

————— e e i e e e and AL O [ by Procedure | Procedure 8

twico with NaHCO,, as desertbed in § HIL («) o

P8 Fe,0, and ALO, as | ¥ acidify with HCL boil i

hydioxides, separate by | oft CO,, preaipitate Be as

Procedure 5 §1V

Second Portion + for sulphur.

Third Portion : for alkalies (including Cs, Li, Rb) by Lawrence
Smith’s method.

Fourth Portion - for water, by Penficld’s method.
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RADIUM.!

§ I. Minerals. —Radium being a degradation product of uranium 1s
found in all uramium mnerals, and the amount present bears a constant
ratio to the uramum, which 1s approximately the same for all minerals
unless, ke some varieties of autunite. they have been exposed to the
constant action of running water, which washes out part of the radium
salts  According to Rutherford (1906) the ratio U-Ra 16 1-3 4X 1077,
while Soddy (1914) gives 1t as 1.3 21 %10 7, and Lind and Whittemore
(1915) find it to be 1-833 <107

§ II. Properties and Compounds. -Radium salts resemble those of
bartum ; the chloride cerystallises as the dihvdrate. and 15 less soluble
than the corresponding barum compound : the sulphate 1s the most
msoluble sulphate known, its solubihity bamg 5 that of barum
sulphate. The metal has been prepared

§ III. Quantitative Separation. To scparate radium from all other
metals exceept barntum it s sufficient to add a quantity of barium salt
to the muxture and then to separate the banium by the usual methods.
All the radium will be found m the barnam sulphate obtamed Tt can
be separated fiom barium only by fractional erystallisation.

§ IV. Detection and Determination in Ores. -(«) Detection —The ore
15 examned for the presence of uranmum, as deseribed m Uranium,
§ VI. It the latter 1s found, it follows that tadium 15 also present.

(b) Deternunation  Radium 1s always dctermned eleetroscopically
m ores  The emanation method 15 based on the fact that the first
disintegration product of radium 15 an wmert, radioactive gas: this s
removed from the ore and pumped mto an exhausted cleetroscope,
where 1ts quantity 15 measured by observing the rate of discharge  The
ore must be kept for one month in a scaled tube to allow the gas (radium
emanation or mton) to attam cquiibrium with the radiam present.
This occurs when the rate of production of the niton (¢ e. the rate of
degradation of the radium) 15 cqual to ats rate of degradation into the
sohd clement RaA. To ensute obtammng all the niton from the ore
it must be completdy decomposed, for which two methods are available,
fusion or solution  In the first method, from 1 to 0°05 grm. of nuncral
15 fused with 1 to 2 grm of sodium carbonate i a small platinum boat ;
when decomposition s complete, the boat s scaled up m a thin-walled
¢lass tube and set aside for one month 1o cases where all the uranium
and radium arc rendered soluble by boiling with nitrie acid, a waghed
quantity of the ore is scaled up mn a thin-walled tube and the emanation
allowed to accumulate for onc month  In cither case, at the end of the
month the sealed tube 1s broken in a small llask contaiming boiling nitrie
acid (1 - 1), the evolved gases beng passed through caustie soda, then
through strong sulphirie acid into a gas burctte.  When all action 15
over, the burette 15 closed and connected up with the exhausted gas-
chamber of the electroscope.  The gas 15 then allowed to escape through

! See Moore and Kithil, U S Buieau of Mwnes Bull 70 (1913), Parsons and others,
Bull. 104 (1915).



RADIUM. 58

a sulphuric acid micro-drying tube into the clectroscope and the burette
and tube cleaned out by a current of dry air free from dust and carbon
dioxide, which is madc to flow mto the gas-chamber of the electroscope
until the pressure therein 15 normal.  After allowing the apparatus to
stand for threc hours the leaf 1s charged for fifteen minutes from a
battery, and three rcadings taken of the time required for the leaf to
fall through the same hundred divisions as used n standardising.  After
the experiment 1s fimished the 1omsation chamber must be cleaned
immediately by passing a current of dry dust-free ar through 1t for
scveral hours.  Previous to introducing the emanation mto the chamber
the natural leak of the mstrument should be determined by charging
the leaf for fiftcen minutes from a battery and observing its fall during
five minutes. The rate of fall of the leaf due to the ““ leak ”” and that
obtamned when the cmanation 1s present are calculated in divisions
per sceond ; the difference gives the rate due to the emanation alone.
The 1nstrument should be cahbrated by using a standard pitchblende
which has been sealed up for a month and treated in a sinular manner
to the sample.  Its content of uranium being known, the radium present
1s found by multiplyig the uranmum figure by 3 33x10=7 A <uflicien
quantity of ore and standard shouldgbe used so that the rate of fall ot
the leaf 15 between 1 and 2 divisions per second.



CHAPTER IV.
THE THIRD GROUP.

SCANDIUM - GALLIUM INDIUM -THALLIUM.

GENERALITIES

Scaxpity belongs to the even series of the group, and resemnbles the
other two members, yttium and lanthanum (sce Rare Karths), to a
certain extent, but a large number of 1ts properties recall thormum and
zairconium ; thus it gives an oxalate msoluble m water or dilute mineral
acids, but soluble m ammonmum oxalate, 1ts carbonate 1s soluble in
and forms double salts with alkaline carbonates; ats solutions are pre-
cipitatcd by boiling with lhlmulpﬂui(' (¢f. zineconum, thormum) and by
hydrofluorie acid (¢f thonum). and the fuonde 15 soluble m alkaline
fluorides (ke zncomum  fluorntde).  Its sults are somewhat  casily
hydrolysed. and the hvdroxide s a weak base, but shows no acidie
properties at all

The compounds of gallim, idmum, thalllum (odd series) resemble
those of alummmm to a grcater o1 lesser degree The hydroxades
(exeept thallic) arc amphotcae, the galhum compound bemg a weaker
base but stronger acid than alumina, and the 1everse holding good for
mdium hvdioxide  Gallie and thallie <alts are readily hydrolysed,
mdimum salts hardly at all Al threo metals form alums ; the thallum
compounds. however, are only formed with difficulty  The affinity for
sulphur mercases with atomue waght, galhum sulphide not having yet
been obtamed pure, while indium and thallie sulphides are well-defined
stable compounds  On heatmg i a current of hydrogen chlonde
gallum gives the trichlonde, GaCly. mdm, the dichloride, InCl, ;
and thallium, the monochlonide, TICH  Thallium differs from the other
metals of the group m forming a series of stable compounds - which
1t 15 monoyalent  These compounds resemble cither the corresponding
potasstum (e g sulphate, mitrate, carbonate) or lead «alts (e.g. chloride,
10dide, chromatc)

SCANDIUM.

§ I. Minerals.—(a) Thorivertte, a sihcate of scandium and the yttrium
carths, S¢,0;.2510,, 15 the only mineral in which scandium 1s the prineipal
basie constituent  Orthorhombie, grey-green, brittle mineral with a
brilliant adamantine lustre ; twins common. 1L 6} ; sp gr 357

(b) Waihate 1s a very complex muncral, contamming 1 to 1} per cent.
of scandia, togcther with large amounts of rare earths and oxides of

654
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columbium, tantalum, titanium, zirconium, silicon, thorrum, uranium,
and ron. Black, amorphous, radioactive.  H 6; sp or. 4 85,

(¢) In addition to the above, the clement 1s found in many rare
carth minerals, and m some specimens of muea, cassitenite, and wolfram

§ II. Properties and Compounds. (a) The metal has not yet been
1solated.

(b) The oxde, Scy,04, 15 a white powder soluble m hot dilute acids,
formed on 1ignition of a scandium salt of a volatile acid

(¢) The fluoride, ScF,, 15 a white gddatmons prv(‘;pxtdtv. formed on
adding a soluble fluornide or fluosihicate to a bothng <olution of a
scandium salt  Liake zircontum, it forms soluble double salts with the
alkal fluorides, their general formula 15 Sel'; 3RE

(d) The sulphate, Sey(SO,), 61L1,0, crystallises in globular agaregates
fairly soluble m water.  With potassiim sulphate it gives a double salt,
5¢,(50,);.3K,50,, msoluble m a saturated solution of the precipitant ;
the corresponding sodium salt, however, 1s soluble m a saturated solution
of sodium sulphate

(e) The ecarbonate, Scy(COL), 12,0 white preeipitate, soluble n
alkaline carbonates, on boiling the solution double salts are thrown
down. .
() The oralate, Sc,(C,0,) 511,00, 1s precipitated by oxalie acid from
solutions of scandium salts , shehtly soluble in water, readily soluble 1n
ammonium oxalate solution. giving a stable double salt whieh ervstalhses
out on evaporation

§ III. Quantitative Separation.! Scandium accompanies the rare
arth metals m analysis, bemg preeipitated along with them by means
of oxalic acsd  In the double sulphate separation it accompanies the
certum metals if potasstum sulphateas uscd as preeipitant | if the sodiam
salt 15 used, however, the scandium passes mto the filtrate along with
the yttrium metals, and m the subsequent fractional ervstalhisation 1t
accumulates m the most soluble fraction of the bromates

(a) Separation from Yitraum Metals - -The neutral chlonde solution
dertved from the most soluble bromates 15 borled with an excess of
sodium thiosulphate, whereby the scandmim is precipitated as base
thiosulphate. The washcd preeipitate s oxtracted with hot dilute
hydrochlorie acid and the preaipitation repeated  The aeid extract of
the second preaipitate is treated with oxahie acid, wherchy pure seandium
oxalate 15 thrown down

(b) Separation from the Cereum Metals —'This 1s cffeeted by double
precipitation with sodinom sulphate (see Rare Earths, § IIT)  If the
scandium 1s m large excess, 1t may be sepatated as under (a)

(¢) Separation from Thorvum * -This 15 best accomphished m {wo
stages + (1) The seandium as separated from the bulk of the thorium

1 For a general acconnt of the chemistry and reactions of scandium see Meyer, Wass-
juchnow, Drapicr, and Bodlander, Z anorg Cheni . 1914, 86, 257

2 For these and other methods see Meyer and Winter, Z anorg Chem , 1910, 87, 398,
Chem News, 1910, 102, 163, 175, Mever and Goldenburg, 1hd , 1912, 108, 13, Meyer

and Wassjuchnow, Z anorg Chem , 1914, 86, 257, Sterba-Bohm, Z Elektrochem , 1914,
20, 289
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by pouring the neutral solution of the chlorides into a large excess of
sodium carbonate and boiling the mixture, whereby scandium sodium
carbonate 1s preeipitated.  The precipitate, which contains about 0-5
per cent. of thoma, 15 filtered off, washed with hot sodium carbonate
solution, dissolved m hydrochloric acid, and the remamder of the
thorium scparated by cither of the two following methods (—-

(2a) The neutrahsed solution of the impure scandium salt 1s added
drop by drop with constant stirring to a 20 per cent. solution of neutral
ammonium tartratc  The resulting clear hiquor 15 boiled with a small
excess of ammonia, whereby scandium ammonium tartrate 15 precipi-
tated This s filtered off, washed with hot ammonium tartrate solution,
and igmted to oxide.

(28) The ncutrabsed chloride solution 1s poured with wvigorous
stirring ito a solution of ammonium fluoride contamning at least eight
times as much salt as there 1s scandia present.  After boiling a short
time the preeipitate of thorium fluoride 1s filtered on a vuleanite funnel
and washed with warm water.  The seandium 1n the filtrate is recovered
by cvaporation with sulphune acid followed bv precipitation with
ammonia or oxahe acid.

§ IV. Gravimetric Determination.—Scandium 15 weighed as the oxide
Se,0 . formed by 1igmition of the oxalate or hydroxide  The former 15
preaipitated hke the rare carth oxalates (sce Rare Earths, § IV),
the latter m a sinlar manner to alumina  Both precaipitates may be
washed with warm water and 1ignited wet to oxide

§ V. Detection in Minerals.! —The mineral 15 opened up as deseritbed
under Rare Karths, § V , the preceipitated oxalates will contamn all
the scandium 5 they should be rgmited to oxides, the latter dissolved in
acid, and the solution preeipitated with sodium sulphate  The filtrate
contamimg yttnia carths and scandia 15 treated with oxahe acd, the
precipitate 1gnited to oxades, and the lattcr dissolved in hydrochlorie
acidd  The are speetrim of the solution 1 then examined for the lines
35727, 36110, 36309, 4247 0, which arc highlv characteristie of
scandium

For the chemical method of deteeting seandium, appheable only 1if
much 15 present, the ignited yttria carths and secandia are fused with
sodium bisulphate, and the aqueous solution of the melt saturated with
potassium sulphate.  The precipitate may contamn thoria as well as
scandia, for the separation of which see § 111, (¢)

§ VI. Determination in Minerals.—-~(«) In Muwnerals contawning much
Rare Earths ®---The ore 1s opened up as deseribed under Rare Earths
(§ VI.). and the carths scparated with sodium sulphate into cerium
and yttrium groups  The scandium accompanies the latter, and accumu-
lates i the most soluble fractions when the bromates are crystalhised.
These arc treated as under § II1, (@) for the separation of the scandium.

! Eberhard, Sitzungsber K Akad Wass, Berhin, 1908, 851, 1910, 404, Chem News,
1909, 99, 30, 1910, 102, 211

2 Crookes, Phal Trans, 1908, A, 209, 15, Proc Roy Socr, 1908, A, 80, 516, Chem
News, 1908, 98. 274
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(b) In Wolframitel—100 grm. of the mincral are fused with 2380
grm. of sodium carbonate, the melt leached and the solution filtered.
The residue 1s dissolved m hydrochlorie acid and the solution evaporated
to dryness.  The mass 15 taken up in dilute hydrochloric acid and the
silica removed by filtration , the filtrate 15 boiled, 3 to 4 grm. of sodium
fluosihicate added with constant stirring, and the mixture boiled
for half an hour. Thec msoluble scandium fluornide 1s filtered off,
washed with hot very dilute hydrochlorie acid, and dissolved in strong
sulphurie acid  The scandium 15 preeipitated from this solution with
ammonia, the precipitate dissolved i nitrie acid, and the solution
boiled with oxalic acid  The oxalate precipitate 1s ignited to oxide
and weighed

(¢) In Thortvertite.— One gramme of the mineral 1s fused with 5 grm.
of sodium carbonate, the melt taken up with hot water, the solution
acidified with hydrochlorie acid and evaporated to dryness  The residue
1s taken up 1 hot dilute hydrochlorie acid, the solution filtered. and the
filtrate boiled with 10 grm of sodum thiosulphate for an hour. The
preeipitate 15 filtered off, washed, and digested with 10 per cent hydro-
chlorie acid  After filtening off the sulphur the preeipitation with
thiosulphate 15 repeated  The sceond preapitate 15 again extracted
as before, the sulphur filtered off, and the filtrate precipitated with oxahe
acid  The secandium oxalate 15 filtered off, washed with hot very dilute
nitriec acid, and 1gnmited to oxide It may contamm traces of thona,
which are climmated by dissolving 1t i hydrochlorie acid and applying
method (2a) or (28) m § 111, (¢)

GALLIUM,

§ I. Minerals.—Galhum 15 onc of the rarest clements, and no mineral
1s yet known i which it 15 the predominating metallie constituent, It
occurs mn traces in many zine-blendes, m a large number of 1ron ores (e.g.
magnctite, clay-ronstone, and blackband ore), and in gany samples
of bauxite and kaolin.  The mineral richest m the clement contams
only one part i 33,000, but 1 the metallurgical processes carried out
for the extraction of zine, 1ron, or alummim the gallhum present con-
centrates 1 the metal produced.

§ II. Properties and Compounds.? —(a) The metal 1s hard, brittle, and
of a grey colour with a greenish-blue reflex It melts at 30 15°, and has
a great tendeney to remain i the superfused state Its sp gr. at 24-5°
15 5 96 for the sohd and 6 07 for the hquid, henee, hike water, 1t expands
on freezing.  Gallium 15 only superficially oxidised m air cven at a
dull red heat, and dissolves very slowly 1 any single mineral acid, but
readily 1 aqua regia ; 1t dissolves mn caustie alkalies with the evolution
of hydrogen. It may be prepared by clectrolysts of the sulphate.

(b) The oaide, Ga,0j, is formed by 1gnition of the mitrate or hydroxide

1 Adapted from Meyer, Z anorg Chem , 1908, 60, 134, Chem News, 1909, 99, 85, 97 ;
and Sterba-Bohm, loc cit, 139
2 See article ““ Gallum ' 1n Wurtz, Dictionnaire de Chimie, Supplement, Part 2, 851.
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as a white powder insoluble in acids and alkalies after strong ignition,
but soluble 1in fused bisulphate. The hydroxide is precipitated by a
slight excess of ammgma, 1t is soluble 1n caustic potash.

(¢) The trichloride, GaCl,;, rescmbles alummium chloride, and 1s
formed by heating the metal m a current of chlorine or hydrogen
chloride. It crystallises 1n white ncedles, melts at 75° boils at 220°,
and 1s very déhqueseent, giving a solution from which basic chlorides
separate op’ standing.

(d) The sulphate, Ga,(SO,),, 1s a white, very soluble cerystalline salt,
which forms alums with the sulphates of ammonium, potassium, casium,
rublz‘/lum, and thallum , they crystallise in the 1sometric system.

e) The ferrocyanide 15 a white amorphous precipitate msoluble 1n
hyﬁrooh]orw acid (1. 2 water)

§ III. Quantitative Separation.'-—(«) Separation from Silver and the
Metals of the Hydrogen Sulphide Group other than Cadmwum and Lead.—
This 15 cffeeted by passing hydrogen sulphide mto the acid solution
(sulphurie, 1if silver is present) contamning at least 10 per cent. of free
acid. Cadnuum and lead are not completely precipitated and must be
removed from the filtrate, as deseribed under (4).

(b) Separatwon  from  Cadmaum, Lead, DBismuth, Aluminwum,
Chromuuom —The galhum 15 preeipitated by the addition of a shght
excess of potassium ferroevamde to a hydrochlorie acid solution of the
metals contaming at least one-third 1ts bulk of strong aexd.  The opcra-
tion 15 best carried out at 60° to 70°, the precipitate must be washed
with warm dilute (1. 3) hydrochlorie acid

(¢) Separation from Inon, Cobalt, Nickel, Zane, Manganese, Cadmaum,
Thallum, Alkaline Earths and Alkalies - The solution contaming the
metals as chlotides 1s boiled with metallie copper and freshly-precipitated
cuprous oxide, whereby the iron 1s reduced to the ferrous state and
gallum hydroxide 15 preapitated  The precipitate 1s well washed,
dissolved i hydrochlonie acid, and precipitation repeated as before.
The final precipitate may be freed from copper by treatment of its
solution 1 hydrochlorie acid with hydrogen sulphide (a).

(d) Separation from Zurconwum, Trtanvum, and Indvum *—The ncarly
neutral solution of the chlorides 1s botled m a platinum dish with excess
of purc caustic potash  The preapitated hydroxides of zirconium,
titantum, and indium are filtered off, well washed, digested with hydro-
chloric acid, and the trecatment with potash repeated. The combined
filtrates are acidificd and the galllum preeipitated with ammona.

§ IV. Gravimetric Determination.’—Galllum 1s always weighed as
the oxide Ga,04; this 15 obtamed on 1igmting the gelatinous precipitate
thrown down on the addition of ammoma to solutions of gallium salts.
Owing to the readiness with which basie salts arc formed, the nitrate

! For the separation from practically all the metals see Lecoq de Boisbaudran, Compt,
Rend., 1882-84 94, 1154, 1227, 1439, 1625, 95, 157, 410, 503, 703, 1192, 1332, 96, 152,
1696, 1838, 97, 66, 142, 295, 521, 623, 730, 1463, 98, 711, 781, 99, 526, also Browning
and Porter, Amer Journ, Sci, 1917, 44, 221

2 Uhler and Browning, Amer Journ Sei, 1916, 42, 389

3 For electrolytic determimation sce Uhler and Browning, preceding footnote
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solution is the most suitable from which to precipitate gallium for
gravimetric work. The excess of ammonia should be removed by
boiling before filtration, otherwise traces of gallhum will remain dissolved ;
the preeipitate is best washed with ammonium nitrate ; it can be ignited
wet to the oxide.

§ V. Detection in Ores.—(a) In Zinc-blende.—Thc blende 1s boiled
with aqua regia, using a shght excess of the mineral to ensure expulsion
of all the nitric acid.  The solution 1s allowed to cool, and filtered from
the insoluble matenal, lead chloride, ete ; the filtrate 1s treated with
strips of metallic zinc until no further metallic deposit is obtained.
After filtration the liqud is boiled for several hours with a large cxcess
of zinc; the precipitate formed 1s dissolved in hydrochloric acid, and
the solution evaporated as low as possible without scparation of salts.
Its spark speetrum 1s then examined in the usual manner, employing a
spark of about 2 mm. taken off the surface of the solution.  Gallium
shows an intense violet line at 4170 and a distinet but much less intense
line at 4031

(b) In Inon Ores.—The ore 1s dissolved m hydrochlorie acid or fused
with potasstum bisulphate , the solution 1s boiled with metallie copper
and freshly-precipitated cuprous hydroxide ;  the precipitate, after
washing, 15 dissolved m hydrochlorie acid and the copper 1emoved with
hydrogen sulphide.  After adding one-third 1its bulk of hydrochlorie
acid to the filtrate the gallium 1s precipitated with potassium ferro-
cyamde, and the washed precipitate 1gnited, fused with bisulphate,
and the gallium converted into chlonde, the solution of which 15 examined
by the spark-spectrum method.

e (¢) In Bauaite.— The mieral 15 fused with bisulphate and the melt
leached with warm very dilute sulphurie acid.  The filtered solution 1s
treated with ammonium acctate, a httle arsenous acid added, and the
hquid saturated with sulphurctted hydrogen A precipitate of arsenious
sulphide containing®ll the gallium and most of the ron 1s thrown down.
The waghed preaipitate is dissolved 1 aqua regia and cevaporated to
dryness with excess of hydrochlorie acid.  The residue 15 taken up in
hydrochloric acid (2:1 water), the arsemie removed with hydrogen
sulphide, the solution evaporated, and the spark spectrum examined.

§ VI. Determination in Ores.—Owing to the very minute amounts
of galllum present 1 any ore, large amounts (say 100 grin.) must be
taken for analysis.  Blende 1s dissolved in aqua regia and the excess of
mtric acid removed by cvaporation ; 1ron and mangancse ores are dis-
solved in hydrochloric acid , the filtered solution, i any case, 15 treated
with metallic zinc 1n the cold to throw down the greater part of the lead,
copper, cadmium, arscnic, ete  The filtered solution 1s boiled with a large
excess of zine, which throws down alumina, and basic salts of gallium,
zine, wron, ete.  The precipitate 1s dissolved 1 hydrochlorie acid and the
solution boiled with copper and cuprous oxide, double precipitation
is neccssary. The copper 1s removed from the solution of the second
precipitate in hydrochloric acid by hydrogen sulphide. The filtrate,
after addition of one-third its bulk of strong hydrochloric acid, 1s treated
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with ferrocyanide, the precipitate filtered off, washed with dilute hydro-
chloric acid, 1gnited gently, and the restdue dissolved 1n hydrochloric
acid. The solution 1s boiled with copper and cuprous oxide, the copper
removed from the solution of the washed precipitate m hydrochlorie
acid as before, the gallium precipitated with ammoma, and the hydroxide
ignited to Ga,0, and waghed Tt should be fused with bisulphate, and
tested for traces of ron, alumimium, and mmdium  Aluminium may be
removed by re-precipitating the gallium as ferrocyamde ; mdium and
iron remaimn msoluble on digestion of the mixed hydroxides with
caustic soda

Bauxite 15 best treated as deseribed under § V, (¢); the solution of
iron and gallum obtamed after removal of the arseme 1s boiled with
copper and cuprous oxide, and the galhum preaipitated as hydroxide
with ammonia after scparation of the copper.

INDIUM.

§ I. Minerals.,—Like gallium, indium 15 never found as the predomi-
nating metallic constituent of a mineral, but 1t ocecurs 1n traces m most
zine-blendes, tm ores, and m many samples of pyrites, siderite, and
tungsten ores. Commereaial zine often contains small quantities of
the clement.

§ II. Properties and Compounds.—(a) The metal 15 soft, ductile, and
silver-winte, melts at 155°, and volatihses at a red heat  Sp gr. 7 28.
It burns m air at a red heat, and unites direetly with sulphur and the
halogens when heated. Netther boiling  water nor aqueous caustie
alkalics affect the metal, but 1t dissolves m muneral acids fairly readiby.
It may be preapitated from solutions of its salts by mectalhe zine or
by clectrolysis.

(b) The sesquioaide, InyOg, 15 a yellow powder, soluble 1 acds if
formed at a low temperature, but highly resistant 11t has been igmted
strongly. It 15 produced by ignition of the salts of volatile acids, and
15 reduced to the metal when heated i hydrogen or ammmonia, or with
aluminium, carbon, or sodium  On heating above 850° 1t loses oxygen
and 15 converted into InyO,

(¢) The sulphide, In,S,, 15 a yellow flocculent precipitate produced
by hydiogen sulphide n a neutral or acetic acid solution of the metal.
It 15 soluble in strong mimeral acids, also m a large excess of alkaline
sulphide.  Potassium sulphide produces m indium solutions a white
preeipitate of hydrated potasstum sulphindate, K,In,S,.2H,0, soluble
m cxcess.  Lower sulphides may be prepared m the dry way

(d) The chlorides  Three are known * InCl, dark red ; InCl,, white
erystals, and InCl,, lustrous white tablets.  The first two are decomposed
by water with the formation of a solution of the third compound and
the deposition of the metal The trichlonide 1s a very dehquescent
stable compound, only shightly hydrolysed in aqueous solution. It
forms double compounds with chlorides of the alkalh metals of the types
R,;InCl;.2H,0 and R,InCl;H,0.
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(e) The sulphate, Iny(SO,);, is a very soluble compound formed by
dissolving the metal or 1ts oxide m sulphurie acid. It forms alums with
cacsium, rubidium, and ammonium sulphates

(f) The basic sulphite, Iny(S0;), 2In(O11),.5H,0, 15 -precipitated
by boiling the solution of an indium salt with excess of alkah
bisulphite

§ III. Quantitative Separation.!: The hyvdrogen sulphide group 1s
separated i the usual manner. the gas bemg passed through a hot
solution contaiming 5 per cent. of frec acid.  Preaipitation of the oxidised
filtrate by ammoma vields a nuxture of mdium hydroxide with the
hydroxides of the metals of the wron group  The precaiptate 15 well
washed, dissolved mm dilute sulphurie acid, and the indium preeipitated
on pure zinc  When the zine 1s nearly all dissolved the preerpitate 1s
filtered off, dissolved m nitrie aeid, and the solution evaporated to
fumes with a shght excess of sulphuriec actd — The cold mass 1s taken up
with water and boiled with a shght excess of ammonma and ammonium
chlonide, the preeipitate filtcred off. washad, and dissolved v a shght
excess of dilute hydrochlone acid  The nearlv neutral solution 1s
boiled with 5 grm. of sodium bisulphite, the preapitate of basie indium
sulphite filtered off. washed with cold water, and dissolvad m a strong
solution of sulphurous acid — The solution 1s boiled until no more sulphur
droxade 15 evolhved whereby tho pure basie sulphite of mdum 15
precipitated

§ IV. Gravimetric Determination.- Indium 15 alwayvs weighed as the
oxide ITnyO4  The solution of the mctal, prcfcrably as mitrate, 1s boiled
with o shght excess of ammonia 2 and the preeipitate filtered off and
well washed with hot water Tt 1s aignited wetll gentlv at first, finally
to a dull red heat (the temperature must not exceed 8007 8), and the
residuce weighed as Tn,O ) 4

§ V. Detection in Ores.”—The ore 1s dissolved m hydiochlotie acid
(tm ores must be fused with sodium peroxide . pvites requires aqua
2egaa) ; the solution contaimmg about 10 per cent of free acid 1s precipr-
tated with hydrogen sulphide  After eapulsion of the gas the filtrate
is treated with metallie zine, which throws down the rest of the lead and
admium  together with the mdiam  The preeipitate 15 treated as
deserbed under § IIT to obtain basie indum sulphite . this s dissolyved
in hydrochlorie acid and tested on platinum wine 1 the Bunsen flame.
The latter 1s coloured bluish-violet. and the speetroscopie exanunation

1 Mathers (Journ Ly Chem Soc , 1908, 30, 2009) states that mdium s very difhcult
to separate completely from von  He recommends depositing the indimm electroly ically
from the solution of the muxed sulphates and than to dissolve the deposit i mitiic acid,
neutralise with ammonia, add an equal bulk of 50 per cent acetic aad, and preapitate
the 1ron with a shght exeess of nitroso- ff-naphthol dissolved m 50 par cent acctic aad

2 Renz (Ber, 1901, 84, 2763, 1903, 86, 2751, 4394) recommends the use of methyl-
amime, dimethylamine or ethylamine i place of ammonia, as the hydioxide has a tendency
to dissolve 1n excess of the lattor.

3 Thiel and Koclsch, Z anorg Chem , 1910, 68, 288 (Cf § 1L, ())

¢ For an electrolytic method see Kollock and Smuth, Journ .Amer Chem Soc , 1910,
%, 512[:?)]1[)0-Soylor, Annalen, 1866, 140, 247, mictochemical detection as rubidium
indium chloride, Kley, Chem Zeit, 1901, 25, 563
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reveals the two very characteristic hnes a (blue) =4511-5 (111)' and
B (violet)=4102 (148).*

§ VI. Determination in Ores.—Thc orc 15 opened up as deseribed under
§ V. and the indium preerpitated with zine, then twice as basie sulphite
(§ I1L.). The sulphite is dissolved i hydrochloric acid and the solution
precipitated with a shght excess of ammoma (§ IV.), the preeipitate being
ignited and weighed as oxide.  On account of the very small quantities
m which indium occurs 1 ores, at least 100 grm should be taken for
the determination

THALLIUM.

§ I. Minerals.-(a) Ciookesite, a sclemde, (Cu,TLAg),Sc, 15 an
amorphous, bnttle, lead-grey mmeral with metalhe lustic 11 3,
sp. gr. 6 9.

(b) Lorandute, thallous thioarscmte, TIASS,. 15 a deep red. trans-
lucent, monoclimie mineral possessing a metallie to adamantie lustre
It 15 wsually found m modified tablets, which have a perfeet basal
cleavage.  Streak dark red 215 sp gr 55

(¢) Hutchisonite consists of the sulphides of thallium, silver, copper,
lead, and arseniec Colour and streak vermibon  Transparent to trans-
lucent, buttle, orthorhombie, flat prisms, with adamantine lustre and
good cleavage. I11%; sp gr 46

(d) Frbaite, TLAS,SbS;, occurs m deep red, translueent, ortho-
rhombic crystals.

(¢) In addition to the above, thallmm 1s also found mm very small
quantities m 1ocks and mmerals associated with the alkali metals,
zine, lead, ron, cte. s eg m sylvine, carnallite, lepidolite, alumite, zie-
blende, pyrites, hamatite, braunte, ete.; at tends to concentrate n
some of the products when these munerals are worked up  Thus, small
amounts of the clament are sometimes met with in zine, cadmium,
platinum, bismuth, tellurmum, ete . and m chamber mud and {lue-dust
from sulphuric acid plants.

§ II. Properties and Compounds. -—(a) The metal 1s soft, of a blush-
white colour, and casily cut by a knife, the exposed surface exhubiting
a bright metallie lustre, which soon tarnishes It exists in two enantio-
tropic modifications, melts at 302°, and has a sp. g1 of 1185 A bar
of the metal gives a ““ gry,” like tin, when bent It readily dissolves
mn sulphurie or nitrie but only slowly m hydrochlorie acid, and combines
with oxygen slowly at ordinary temperatures, rapidly at 100°

(b) Thallous oaide, T1,0, is a heavy, black powder formed by oxida-
tion of the metal in warm air or oxygen, or by dehydration of the cor-
responding hydroxide at 100° It rcadily absorbs mowsture from the
air, melts at 300°, and., when fused, attacks glass.

(¢) Thallous hydroarde, TIOH, crystallises m yellow needles readily

! The numbers i brackets refor to the position of the lincs on the scale comprising
170 subdivisions, 1n which the yellow sodium hne 18 situated at 50

¢ Exner and Haschek, Diwe Spekiren der Elemente ber normalem Diuck (Leipzig and
Wien, 1911)
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soluble in water, giving a colourless, strongly-alkaline solution, which
readily absorbs carbon dioxide, and attacks glass and porcelamn. It is
produced by the action of baryta on the sulphate.

(d) Thallic oxide, T1,04, a black powder formed by oxidation of the
metal between 600° and 700°, or small black crystals obtained by heat-
g thallous mtrate to 450°; melts at 725°, decomposes above 800°, and
is insolublc 1n water, alkalies, or cold sulphuric acad.  With hot sulphurie
acid it gives thallous sulphate and oxygen; with hydrochlorie acid,
chlorine and thallous and thallic chlorides.

(e) Thallic hydrozide, TI0.0OlI, 15 a brown powdcr, produced by
the action of a shght execess of alkali 1in solutions of thalhie salts. It
1s insoluble 1n water.

(f) Thallous chloride. TICl, crystallises as white cubes from a solu-
tion of thallous salt to which a soluble chloride has been added  One
part dissolves m 400 parts of cold and 10 of hot water

(8) Thallous chloroplatinate, TLPtCl, 15 a pale yellow crystalline
precipitate, soluble i 15,585 paits of cold and 1948 of boiling water.
At a red hcat 1t gives a thallum-platmum alloy.

(k) Thallous wodrde. TII, 1s precipitated as citron-yellow, ortho-
rhombic erystals when a soluble 10dide 15 added to a solution of a thallous
salt. If heated to 168° 1t becomes red and cubie s the fieshly-precipi-
tated compound turns green on cxposure to the hght 100 parts of
water dissolves 0 006 parts of the salt at 20° and 0 12 at 100°.

(2) Thallous sulphide, T1,S, 15 thrown down on passing hydrogen
sulphide through a neutral, alkaline, or acctic acid solution of a thallous
salt as a black precipitate msoluble m alkahme eyamde, sulplude, o1
hydroxide, or mn acctic aerid It forms delinite compounds with tin
and arscmie sulphides, e.g. T1,SnS,; and TI,AsS,, which mav be used for
its gravimcetrie estimation.

(2) Thallous sulphate, T1,SO,, 15 soluble m 20 patts of cold and 5 of
hot water. It erystalhises o anhydrous rhombie prisms 1somorphous
with potassium sulphate, and may be fused without decomposition

(k) Thallous mitrate, TINO , 15 1sodimorphous with potassium nitrate.

(1) Thallic haldes, sulphate and nitrate, arc soluble m water, but
rcadily hydrolyse, giving brown basie salts o1 thallie hydroaide.  They
readily combine with thallous salts, giving rise to many series of thallo-
thallic compounds (see § III, (a) (2)).

§ III. Quantitative Separation.!—Thallous salts, like those of lead,
are preeipitated by hydrochlotie acid m the cold, and the chlonde dis-
solves fairly rcadily in hot water; hydrogen sulphide m acid solution
gives no precipitate with thallous salts, but 1 the presence of members
of the hydrogen sulphide group other than cadnuumn, traces of thallium
are co-precipitated.  Thallous salts arc not precapitated by ammona
or sodium carbonate, but alkaline solutions give, with hydrogen sulphide,
a black precipitate of thallous sulphide. In the general scheme of quali-
tative analysis, thallum, if present, will be found in the ammonium
sulphide precipitate, together with zine, nickel, ete.

1 See also Crookes, Select Methods of Chemical Analysis
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(a) Separation from Silver.—(1) Silver may be precipitated by hydro-
gen sulphide from a solution of the sulphates of the two metals slightly
acidified with sulphunc acid.

(2) The mixed chlonde preeipitate 15 boiled with aqua regia. The
solution 15 diluted considerably with hot water and filtered hot, the
residue of silver chloride being well washed with boilling water.  The
thallium 15 1n the filtrate as thallo-thallie chlonde

(8) The hot solution of the muxed nitrates or sulphates 1s treated
with hydrochloric actd and saturated with chlorme. Silver chloride
alone 15 preapitated, the thalbum remaming  dissolved as thalhie
chloride, TICI.!

(b) Separation from Lead, Busmuth, Copper, Arsenie, Antimony,
Twn ~-The solution of the metals 15 treated with a small excess of
sodium carbonate, then with sodium eyamde (free from sulphide), warmed
gently, and set aside overnight,  The preeipitate 1s filtered off and well
washed with warm water ; the filtrate 1s warmed gently with a shght
exeess of colourless ammonium sulphide, whereby thallous sulphide 1s
preapitated It 1s filtered off and washed with warm very dilute
ammonium sulphide solution

(¢) Separation from Mercury and Cadmium. - The cold nearly neutral
sulphate or mitrate solution 15 treated with a solution of potassium
10dide drop by drop until any red precipitate of mercurie 1odide has
re-dissoly ed, leaving pure yellow thallous rodide.

(d) Separation from Iron, Mlunanwum, Chromwum, Cobalt, Nickel,
Zane, Manganese, .Alhaline Iarths and .lkalies.—The cold nearly
neutral solution of the sulphates 1s saturated with sulphur dioxide and
treated with potassium odide 1 shght execss  Yellow thallous 10dide
is preapitated

(e) Separation from Cobalt, Nechel, Zinc, and Manganese —The sul-
phate or mtrate solution 1s treatcd with a hittle sulphur dioxide (to ensure
that all the thallium 15 m the monovalent state), and treated with an
excess of sodium carbonate  The preeipitated carbonates of the above
metals are filtered off and well washed with hot water.  The thallium
may be recovered from the filtrate by precipitation with colourless
ammonmum sulphide

(/) Separaton from Lead alone  The solution 15 cvaporated to
strong fumes with sulphurie acid, the cold mass taken up 1n water, and
the lead sulphatc filtered off and washed as usual.  The thallum n the
filtratc may be separated as wodide after ncutralisation with ammonia.

(g) Separatvon from Copper alone.—-The two metals are precipitated
together as 1odides with potassium 1odide and sulphur dioxide 1n a nearly
neutral solution.  The preaipitate 15 filtered off, washed with cold 1 per
cent. potassium 1odide solution, and digested with dilute ammoma until
the residual thallous 1odide 15 pure yellow. It is then filtered off, and
washed with dilute ammoniacal potasstum 1odide solution, then with
80 pcr cent. aleohol.

(k) Separation from Cadmium alone.—The neutral solution 1s treated

1 Spencer and Le Pla, T'runs. Chem Soc, 1908, 93, 968.



THALLIUM. 85

with an excess of potassium bichromate, then made slightly ammoniacal,
whereby yellow thallous chromate 1s precipitated (sec § IV, (b)).

(4) Separation from Gallium.—-(1) The neutral sulphate solution 1s
boiled with a sheet of metallic copper, or with a little freshly-precipitated
cuprous oxide, until no further precipitate 1s formed ; gallhium is thrown
down as hydroxide. The copper may be removed from the filtrate by
method (g).

(2) The neutral solution 1s treated with a httle sulphur dioxide,
followed by cxcess of ammonia. The precipitate of gallium hydroxide
18 filtered off, well washed with hot water, re-dissolved 1n dilute sulphuric
acid, and re-precipitated as before.

§ IV. Gravimetrie Determination. --(a) As 7T'hallous lodide.r — The
hot, neutral solution of the mitrate or sulphate, contaiming all the metal
as proto-salt, 1s treated with sufficient potassium 1odide to give a 1 per
cent. solution after preeipitation 15 complete.  After cooling to room
temperature, the precipitate of thallous 1odide 1s filtered off on tared
paper, and washed with cold 1 per cent. potassium 1odide, which 1s
then displaced by 82 per cent. aleohol.  Filter and precipitate are dried
at 110° and weighed. If thallic salt 15 present i the original solution,
1t must be reduced with sulphur dioxide.

(b) As Thallous Chromate. T1,CrO,.2—The solution, contaming all
the mctal as thallous salt, 15 treated with potassium carbonate or
ammonia to alkaline reaction, heated to 70°, and potassium chromate
solution added slowly until i shght cxcess.  After standing cold over-
night, the precipitate of thallous chromate 1s filtered off on ashestos felt
in a Gooch crucible, washed with cold water, and dried over a low flame
until the weight 1s constant.

(¢) As Chloroplatinate.>—The neutral thallous wtrate or sulphate
solution contained i a conical flask 1s boiled, and a solution of chloro-
platinic acid added 1n shght excess.  The flask 15 stoppered, shaken for
five minutes, allowed to cool, and the preapitate filtered on a Gooch
crucible, washed with cold water, dried at 100°, and weighed as TLPtCI,.
The precipitate shows no tendeney to run thiough the filter if the opera-
tion 1s carried out as described. '

(d) As Thwstannated-—~To the hot very shghtly acid solution of
the mctal a slight excess of sodium thiostannate 1s added, followed by
a 15 per cent. solution of sodium monosulphide drop by drop until the
liquid reacts neutral. An excess of 25 ¢ c. of the same reagent 15 then
added and the boiling continued for five nunutes while sturing.  The
solution 15 diluted with twice 1ts bulk of hot water and allowed to stand
three hours, after which the precipitate 1s filtered off on a Gooch crucible,
washed well with cold water, dried at 105°, and weighed as T1,SnS,.

- ' Baubigny, Compt Rend , 1891, 118, 544, Werther, Z anal, Chem , 1864, 3, 1, Long,
lzbzd , 1891, 30, 342, gives data showing the solubility ot thallous iodide m vanous wash-
1quors. -

2 Browning and Hutchins, Chemn News, 1899, 80, 226,

3 Noumann, Annalen, 1888, 244, 349, improved by Cushman, Amer Chem Journ,
1900, 24, 222,

¢ Hawley, Journ Amer Chem. Soc., 1907, 29, 1011, also reccommends precipitation
as thallous orthothioarsenate. 5
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The precipitant is prepared by adding strong sodium sulphide solution
to a 10 per cent. solution of stannic chloride until the precipitate first
formed just re-dissolves.!

§ V. Volumetric Determination.—The determmation of thalhum by
volumetric methods 1s based on its ability to behave as a monovalent
and a trivalent metal; owing, however, to the readiness with which
the trivalent salts are hydiolysed, titration with permanganate 1n
sulphuric acd solution does not give satisfactory results.  Hydrochlorie
acid solutions may be used, but the process 1s complicated by the presence
of the acid, and stoichiometric results are not obtammed. By working
as described under (@), however, Hawley ? states that good results may
be obtained.

(a) Permanganate Method —The solution of thalhum chloride should
contain 4 c.c. of hydrochlorie acid (sp. gr. 1 2) 1 a bulk of 60 c.c. Less
than 0 16 grm. of the metal should be present, and the titration should
be ecarried out m a cold solution. The peamanganate 1s standardised
against a weighed amount of purc thallous chlonide, approximately equal
to that in the assay.

(b) Bromate Method*—A shght excess of standard potassium
bromate solution (2 730 grm. per htre; 1 c.c==0 01 grm. T1) 15 added to
the faintly acid solution of thallous sulphate.  The exeess of bromate
is ascertained by adding 1 grm. of potasstum bromude and a considerable
excess of hydrochlorie acid to the solution and distilling 1t down to
onc-third 1ts bulk, the hiberated bromine being caught i a solution of
potasstum 1odide. The 1odine set free 1s titrated with sodium  thio-
sulphate (5 grm. per ltre; 1 c.c. =0002 grm. TI): 3TICI4-KBrO,
+ 6HCl=38TICl;+ KBr +311,0, KBrO;+ 5KBr--6HCl=6KCl+ 3Br,
+3H,0. J

(e) The Fernwcyamde dMethod.*—The solution of thallous mtrate in
100 c.c. of water 15 treated with an excess of potassium fernieyamde
solution, followed by dilute caustic potash till the hquid reacts alkaline.
The preeipitate of thallic oxide 1s filtered off on an asbestos pad and
washed with hot water, the filtrate 15 acidificd with dilute sulphurie
acid and the ferrocyamde present determimed by titration with per-
manganate.  As a check, the preaipitate of thallic oxide may be dried at
200° and weighed as T1,04°

§ VL. Detection in Ores.—Thc orc 1s dissolved m aqua regea, the solu-
tion evaporated to strong fumes with sulphuric aad, the cold mass

1 Qther gravimetric methods that have been recommended are Weighing as T1,80,
or TIHSO,, Browning, Amer Journ Sci, 1900, 9, 137 Treating the thallous salt with
biomauric acd and weighing the precipitated gold, Thomas, Compt Rend , 1902, 134,
655 As thallous cobaltimtnite, Cunmingham and Perkin, 7rans Chem Soc, 1909, 95,
1569. Electrolytic methods  Mordern, Journ Amer Chem Soc, 1909, 31, 1045, Gallo
and Cenni, Atts B Accad Lancer, 1908, 17, u 276

2 Journ. Amer Chem Soc, 1907, 29, 300

3 Marshall, Journ Soc Chem Ind , 1900, 19, 994,

¢ Browning and Palmer, Amer Journ Sci, 1909, 27, 379.

5 Qther volumetric methods Titration of 1odine hberated by thallie salts from
potassium 10dide, Fet, Z unal Chem., 1889, 28, 314, titration of thallous chlonde by
N/6 bromune, Sponholz, 1b:d., 1893, 31, 519.
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auucea witn water, and any msoluble material filtered off.  The filtrate
is treated with a httle sulphur dioxide, then with a shght excess of
sodium carbonate and 2 to 8 grm. of sodium eyamde free from sulphide.
After boiling, the precipitate 1s filtered off, and the filtrate saturated
with hydrogen sulphide. Black thallous sulphide 1s precipitated ; 1t 1s
filtered off, washed, dissolved in sulphuric acid, and the solution tested
as follows :—

(@) A platinum wire dipped 1 the solution and then held m the
bunsen flame colours the latter green, and the speetroscope shows the
characteristic line 5351 1n the green.

(b) Potassium 10dide gives a yellow erystalline preaipitate.

(¢) Potasstum chromate gives a ycllow precipitate i the faintly
ammontacal solution.

(d) Iydrogen sulphide gives no precipitate i acid, but a black
sulphide is thrown down from alkaline, neutral, or acctic acid solutions,

(e) Ammonia, caustic soda, or sodium carbonate give no preci-
pitate.!

§ VII. Determination in Ores.—(a) Determination wn  Thallium
Manerals (§ 1.).——One gramme of fincly-powdered mineral 1s heated with
10 c.c. of strong sulphuric acid and 2 grm. of potasstum sulphate in a
250 c.c. flask over a free flame. When completely decomposed, the
mass 15 allowed to cool, diluted with water, boiled, again cooled, and
filtered. The filtrate 15 neutralised with sodium carbonate and 2 grm.
excess added, followed by 2-8 grm. of purc sodium cyamde. The
liquid 15 boiled, allowed to settle, and filtered ; the preeipitate 1s well
washed with hot water, and the filtrate and washings treated with
ammonium sulphide until no further black precipitate forms — After
cooling, the thallous sulplhide 15 filtered off, washed with dilute
ammonium sulphide, and dissolved mn 20 per cent. sulphuric acid.  The
solution 1s treated with a few drops of sulphurous acid, nearly neutralised
with sodium carbonate, filtcred 1if necessary, and the thalllum precipi-
tated with potassium iodide (§ IV, (a)).

(b) Determanation wn Pyrites, Blende, etc.—A large quantity (from
10 to 100 grm.) 1s dissolved mn hot hydrochlorie acid, to which nitric
1s added from time to time, so that, eventually, there 15 very hittle excess
of the latter left. After cooling, the msoluble materal 15 filtered off,
two or three sheets of purc zine are mtroduced into the shghtly acid
filtrate, and the whole set aside overnight.  The clear hiquor 1s decanted
through a filter, the metallie residue contaning all the thallium, indium,
cadmium, copper, etc., 1s washed two or three times with hot water,
extracted with dilute sulphuric acid, and the solution treated with sodium
carbonate and cyamde, as described undcer (a).

(c) Complete Analysis.—Scc Tellurum, § VIII.

1 Qther typical reactions are formation of red precipitate of cobaltimtrite (footnote ?,
p 66), formation of double 10dide 3TIL.28bl,, Ephraim, Z. anorg. Chem., 1908, §8, 353.



CHAPTER V.
THE RARE-EARTH GROUP.

§ I. Generalities.- ‘The “ Rare Earth Group ™ comprises a series of some
sixteen very closely allied mctals which arc usually found together m
Nature, and are extiemely diflicult to separate from one another, no
exact quantitative method beme known exeept m the case of eermum.
They may. howeyer, be roughly scparated into three groups by a method
based on the solulnlities of therr double sodium sulphates m a saturated
solution of sodum sulphate.

Certum Group Terbiuom Group Yttrium Group

Doublc  ~sodimm sulphates  are | Double sodiunt sulphates are 7 Double sodium sulphates are

msoluble m saturated Na,N0), sparmgly soluble i satu- teadily soluble m saturated
solution rated Na SO, solution Na, 80, solution
(1) Lanthanum La - 1300 (1) Earopium Fu 1520 | (1) Yttrium Y. 887
(2) Certum (W] 140 25 | (2) Gadohmum  Gd--157 3 | (2) Dysprosium Dy —=1625
(3) Prascodvmium Pro 1109 5 (3) Tabium Th 1592 1 (3) Holmium Ho =163 3
) Neodymmum Nd 1443 (4) Erbium Er - 1677
(5) Samarium Sm—-150 4 (5) Thuhum Tm—168 5
(0) Ytterthium b =1735

(7) Lutecium Lu —1750
(8) Celtium [ E—

The metals hold an anomalous posttion m the pentodie elassification ;
with the (xeeption of yttrium, ther atonue weights are mtermediate
between those of barium and tantalum , hcnee they may be regarded
as fornung a transition between these two clements w1thout ach
member having a separate place i the table  Certum acts either as a
triad or tetrad, while the othar claments are always trivalent (samarium
and curopium, however, give dichlondes). The  trihydroxides  are
strongly basie compounds, the salts of which are only very shghtly
hydrolysed 1 dilute solutions  Perhaps themr most  characteristie
property 15 the msolubihity of the oxalates mooxalic or dilute mmeral
acids, which serves to separate them from all other metals except
thorlum and scandium.

§ IL. Minerals. - («) Those wcwhich the Cevoum Group predomnates.—
(1) Carbonates.— (a) Parwsute, a [lnocarbonate of cerium metals and

68
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lime, CaCe,F,(CO,),, occurs as brownish-vellow to red, acute double
hexagonal pyranuds with perfeet cleavage and strong positive double
refraction. T L, sp a1 b 26.

(B) Cordylite. the bartum  analogue ol the above. has sinilar
propertics

ly) Bastnasite, ccrimm fluocarbonate. CeFCO,, occurs as vellow to
brown hexagonal prisms of I 45 sp ar 50,

(8) Lanthamite, hydratcd carbonate of the ecermum metals, chiefly
lanthanum, La,(CO,), 8IL,O.  White to  vellowish,  opaque,  ortho-
rhombie tables.  Cleavage perfeet Usually found amorphous as an
alteration product 11 2, sp. gr. 2 6.

(2) Selecates.- (a) Cerite, a hydrated stheate of cenmum metals,
hme, and forrous onide, 15 a brittle, opaque. brown to red. orthorhombie
mieral, nsually ocemiring massive  No eleavage. dull resinous lustie
H5%; sp.ar. 10

(B) -Allanite (Orthete) 1s an eprdote contammg rare carths.  Brown
to black, opaque monochme ervstals H6: sp er 35 12, On
heating 1t becomes amorphous, and heavier

(y) Hellandite, complex hvdrous  sihicate. 31,0 (Ca, ThoMe,)O,.
3(ALFe M Ce),0,. 4510, Red-brown monochnie prisms =310 sp.
agr 3 7.

(8) Beckelite, mconosiheate of cermum metals and hime, Ca Cey
(S51,7r),0 5 15 found i brown transparent octahcdia and dodecahedra
with cubie cleavage  Sp aor 11

(3) Mscellaneows  (a) Aeschynite  See Columbium, § 1

(B) Monazite  Scc Thorum, § 1

(b) Those in which Ytiria Earths predominate (1) Silweates — -(a)
Gadolinite, ferrous bervilium v Urmam sihieate, 2BeO) FO Y,0, 2850,
brown to greenish-black, brittle, massive . no elcavage,  conchoidal
fracture. 17 sp ar 10 +5  Glows when haated to 1307 and 1s then
msoluble m acids, the amorphous varety becoming ervstallime and denser

(B) Rowlandde, vttrum silicate. 2Y,0,3510,. pale green, massive,
translucent. Sp.ar +5

(y) Ytnalite, vttrium stheate, Y,0,2810, massive, amorphous,
translucent, olive-green I 55 0 sp er. 16

(8) Thalente, hvdrated vttnium silicate. 1,0 2Y,0 .4510,. contains
much nitrogen and helum Flesh-red. transhueent, monochme tables
with greasy lustre, no cleavage. L 610 sp.ar 12,

(2) Tuanosilicates and Titanates --(a) Yithotitanite o1 Keilhawte,
complex titanoshicate of 1ron. hme, alumma, and vttma Brown to
black, monochnie.  Streak grev-brown,  distinet  cleavage,  resinous
lustre. I 635 sp. gr. 3 6.

(B) Yttrocrasite, complex titanate of vttrium, with caletum, thormum,
uranum, lead, wron  Radioactive. black, with bright pitchy lustre,
¥ 51 sp. gr. 48,

(y) Delorenzite, ferrous  uranmum  yttrium  titanate.  2Fc0.00,.
2Y,0,.24110,, resmous, black, orthorhombie erystals,  radwactive.
H55; sp.gr. 7.
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(8) Miscellaneous. - (a) Xenotime, vttrium phosphate, YPO,, brown
to red-brown or yellow transparent to opaque  Tetragonal , cleavage
perfeet M 435 op gr 5.

(B) Ythofluonite, vtirium caletum (luoride, 2YFg3Cal, yellow to
brown, transparent cubes with poor octahedral cleavage.  Vitreous to
greasy lustre, brttle. H t3: sp ar 36

(y) Yttroeente. vttrium ccrmam  caletum (luonde, (Y.Ce),Ca F,
2/31L,0 . violet-blue to white, massinve . vitreous to pearly  lustre
H 1l sp g 34

(8) Samarshite. Fergusonite, Kurenite, cte.  Sce Columbium, § 1.

CERIUM.

§ L. Properties and Compounds. —(«) The metal 15 obtamed by clee-
trolvas of the fused chloride Tt s white, and readilv combimes on heat-
mg with oxygen or hvdrogen It slowly decomposes water m the cold,
but rapdly at the boiling pommt  Owing to 1ts great atlimty for oxygen
it 15 a powerful reducing agent M P 62371

(b) Cervune dioaede CeO,0ns formad by 1enitimg any eermum compound
of a volatile oxyacid 1 an as a dense white powder msoluble m mitrie or
hydrochlotie acid unless a reducing agent as present . difticultly soluble
in strong sulphurie acid

(¢) Cerows oarde, Ce,O, 15 produced by heating the dioxide with
metallie caletam Tt readily oxidises i moist an to the dioxide

(d) Cerous hydroaide. Ce(OT1) . produced by the addition of an
alkali to solutions of ccrous salts 15 a powerful reducing agent  In pre-
senec ol ar it graduallv turns violet, and 15 finally completely oxadised
to vddlow cerie hydroxide

(e) Cerie hydroaide. Ce(OH),, 15 precipitated on the addition of
alkahes to cerie solutions or by oxidation of cerous hydroxide with
hydrogen peroxide or chlorme Tt s o vellow gddatimous prceipitate,
soluble i nitrie acid to a deep rad solution | in sulphurie acid to a yellow
solution, with hiberation of pat of the excess oxyeen . hydrochlore
acid with the formation of ccrous chlonde and evolution of chlorme
It has a tendeney to form colloidal solutions but is precipitated there-
from by cleetroly tes

(/) Cerec mitrate The neutral salt 1s unknown, basie compounds only
bemg formed on dissolving the hydroxide i strong mitrie acid Tt forms
an unstable yvellow solution, which on the addition of ammonium nitrate
turns deep rad. due to the formation of a double salt. (N1I,),C¢(NO,), ;
this as fairly stable m mitrie acid solution, readily soluble i water and
aleohol. but nearly msoluble m moderatelv strong mitrie acid.

(g) Cerous oxalate, Ce,(C,0,), 10I1,0, 1s precipitated by the addition
of oxahe acid to a solution of a cerous or cerie salt. It 1s msoluble n
water, dilute acids, ammoniunt oxalate, or - exeoss of the preeipitant.
On ignition 1t yields the dioxide

P Muthmann and Weiss, Awnalen, 1904, 831, 1 Hirsch (T'rans Amer Electrochem
Soc , 1911, 20, 57) gives the M P as 635°, and sp gr 692
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§ II. Quantitative Separation.—Cerium is a member of the third
analytical group, and can be readily separated from all other members
of this group (exeept thorium and the other rare carths) by precipitation
with oxalic acid as follows @ —

(a) Separation of Cerium (and the Rare Earths) from Members of the
Ammonwa Group.- - The chloride solution, contaiing not more than
1 grm. of the oxides per 60 ¢ ¢, 15 adjusted to an acidity equivalent to
03 N and treated with a saturated solution of oxahe acid sufficient to
leave 3 grm of oxaliec acid per 100 ¢ ¢. of final solution.  The flocculent
preeipitate of the rare carth oxalates rapidly becomes erystallme.  The
solution 15 allowcd to stand at 60° for twelve hours, or overmight, after
which the precipitate 15 (iltered off and theroughly washed with hot
shiehtly acidified water.  If mueh foreign metals are present at s
advisable to digest the preerpitate with caustie soda, filter, wash with
boiling water till fice from oxalates, dissolve the hvdroxades in nitrie
acid, and re-precipitate as before !

(b) Separation from Thorewm — This mav be effeeted by any of the
followme methods (for details of which sce Thormm, § TIT) . -

(1) By preerpitation of the thonum from the ncutial solution of the
nitrates with hydrogen peroxide

(2) By precipitation of the thortam from neutral solution of the
chlorides with sodium thiosulphate,

(3) By preeipitation of the thorum from strong nitrie acid solution
with potassium odate.

(+) By precipitation of the thormum from sulphurie or hy drochlorie
acid solution as pyvrophosphate or hy pophosphate. In the hitrate from
the thormam the other rare carths arc preeyptated with an excess of
caustic soda, the hydrovides Gltered off and well washed with boiling
water 1l free from the prcapitant Double preerpitation may  be
HECCESSary.

(¢) Separation from the other Rare Earths --- A1l methods of separating
certum from the other rare carths are based on the laet that this metal can
exist n a quadrnyalent state. and these compounds are readily hvdrolysed
with the separation of cenie hvdroxide or basie cerie salt. In every case
the separation must be repeated several times to cnsure a complete
sepatation. The following are the chief methods that have been used :—

(1) Mosander’s  Chloyime  Method 2 The mixture of rare carths
obtamed by 1gnition of the oxalates 1s dissolved m hvdrochlorie acid
with the addition of a httle hvdiogen pcroxide  The clear hquid 1s
botled to destrov the excess of the latter reagent. treated with caustie
soda until precipitation of the hvdroxides is complete, heated to boiling,
the precipitate allowed to settle, the clear hqud decanted through a

U Preapitation of rare carth oxalates Itz and Weber, Z- and Chem , 1897, 36,
213, Drossbachy, Z angew Chon , 1901, 14, 655, Bens, ded , 1902, 15, 297, Hauser
and With, ood , 1909, 22, 481, Glaser, Z anal Chome, 1897, 36, 213, Ruer, Z anorg
Chem , 1904, 42, 18

2 Mosander, Phl Mag , 1843, 23, 241, Hauser and Wuth, Z anal Chem . 1909, 48,
679, Brownmg and Roberts, tmer Jowrn Sci, 1910, 29, 45, Johnstoue, Journ Soc.
Chem Ind, 1914, 33, 53
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i
filter, and the precipitate washed several times by decantation. The
small quantity on the filter 15 washed back nto the beaker with the
mimimum of water, the hquid m the beaker made up to 200 c.c. with
strong (23 per cent.) eaustie soda, and saturated with chlorine until 1t
no longer reacts alkalime. It 1s then boiled five nuinutes and allowed to
stand overmght, after which the cerie hydroxade 1s filtered off, washed
with botling watcr, dissolved in hvdrochlorie acid, and the above process
repeated  After sixo or seven repetiions the ecria preerpitate will be
substantially pure, although still contaiming traces of the other carths.

(2) The Permanganate Method ¥ The neutral solution of the mitrates
containing all the cermum as ecrous mitrate 15 heated to boitling m a
capacious basin and potasstaom permanganate solution added m small
quantities at a time until the red colour just begms to be permanent.
A solution of potassium permanganatce and sodium carbonate m the
exact ratio KMnO - Na, (O 18 now added very slowly with constant
stirrmg 1o the nearlv boitlimg solution, so that the pmk colour never
actually fades away  If. however, this should happen, the colour 1s
restored by the addition of a hittle pure permanganate  As the precipi-
tation ncars completion, the colour disappears more slowly after cach
addition ol thc rcagent and the cffaveseence becomes less marked ;
the solution should then be tested with hitmus paper from time to time
and permanganatc-carbonate o1 pure carbonate added until 1t 15 very
nearlv noutral, takimg care that the pink colour 15 never actually dis-
chargcd  Aftar stmmerimg for ten mmutos with stirring the preeipitate
15 filtcred off. washed with boiling water  dissohved i concentrated
hvdrochlorie acid, the solution diluted, and the eamm preeiypitated
with an cxeess of oxalie acid  The oxalate s Oltered off, washed free
from mancancse with acidulatcd watcr, and dissolved by digestion with
fumme mitric acid on a watcr-bath  The solution 1s cvaporated to dry-
ness, the residuc moistencd with water whieh s agamn cvaporated,
taken up m water, and the permanganate preeipitation repeated. The
oxalate obtamed this time s wenited and weighed as CeO,  Traces of
certum are It the filtrates from the permanganate preeipitation ;
they may be ramoved by neutiahsimg with sodium carbonate, adding
suflicient permanganate to give a permanent pink tint, and boiling for
ten nunutcs  The small preerpitate which contains minute amounts of
the other carths s trcated as hoforce for purtlication.

(3) The Bromate Method 2 'The neutral, fanly concentrated solution
of the mitrates 1s heatad to bothmg and treated with potassium bromate.
Immediatcdy the 1cd fumes of brommc commence to appear two or
three small Tumps of marble are added and the hquid boiled tor several
hours, making good loss by cvaporation from time to time.  As soon
as a test of the hltered solution shows only a trace of cerium by the
peroxide test (§ VIL (/) the vessel s removed from the heat, the

L Roberts, ctmer Jowrn Sec, 1911, 81, 350 See also James, Journ Amer Chem
Soc, 1908, 30, 982, Meyer, Z anorg Chem , 1903, 87, 378, Meyer and Schwertzer,
whed | 1907, 54, 104

2 James and Pratt, Jown dAmer Chem Soc, 1911, 83, 1326
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marble taken out, the precipitate allowed to settle, filtered. and washed
with 5 per cent. ammonum nitrate solution  This preeipitate 1s practi-
cally pure, but may, 1f thought desirable, be ve-dissolved m mitrie acid
(with the ard of hydrogen peroxide if necessary), the solution evaporated
to dryness, ete, and re-precipitated as before  The hiltrates are united
and boiled with more bromate and marble till the solution ccases to
give the peroxide test This small preaipitate 1s purified as before

§ III. Gravimetric Determination. Ccrium 15 alwavs weighed as
dioxade : -

(a) Owalic .dcid Precipitation.  The solution of the pure ecrous
nitrate, shghtly acid with mitrie acid. 15 heated to boiling. and an exeess
of a cold saturated solution of oxalic acid added — The solution 1s allowed
to stand overnight, the preeipitate filtered off, washed with warm acidu-
lated water (mitrie acid), dricd, 1gnmited m platmum. gently at hirst,
finally over the blast. and weighed as CeQ,  Preeipitation from a
chloride solution leads to co-precipitation of oxalochloride, which on
ignition yields a basie ehloride, and consequently high results Alkahne
salts, espeerally potassium, are hable to give serious contamimation of
the preapitate

(b) Ammoncwm  Sebacate Precipitation * ~The neatral solution of
the nitrate s heatod to boiling and a small exeess of ammonium schacate
added  After allowmg to settle, the precipitate s filtered off, dried.
ignited as above, and weighad as €O,

§ IV. Volumetric Determination. - («) Jon Knone's Permanganate
Method 2—This 15 based on the fact that ammonmum persulphate m
dilute sulphurie acid solution oxudises ecrous to cerie sulphatc On
the addition of & sheht excess of hvdrogen peroxide the cerie 15 again
reduced to cerous salt 5 the (xetss of peroxide 1s then determimed bv
titration with permanganatc

20¢(80,), 11,0, ~Cey(SO,),+ H,80, +0,
2KMnO, | 511,0, i 3HL,SO,  K,S0, i 2MnS0, 4 sI1,0 450,

The procedure 15 as follows  -The cold solution of cerous salt 1s
acidified with dilute sulphurie acid, 2 grm of ammomum persulphate
added. and the solution boiled two munutes. It 15 then cooled to
about 50° by muncrsion of the flask m cold water, a further half
grm. of persulphate added. and the solution agam boted for hive
mmutes, cooled to 507, treated with yet another half grm of persul-
phate and a httle more sulphurie acid. and botled until no further
bubbles of gas are cvolved  (This takes about fifteen munutes, at
the end of which all the persulphate has been decomposed.)  The
flask 15 cooled mm running water, and a standard solution of hydrogen
peroxide added until the ycelow colour is just dischargcd. This s
followed by a small excess, which latter 15 titrated back with N/20
permanganate solution.  The permanganate can be standardised against

L Whittemore and James, Journ Amer Chem Soc , 1912, 34, 772, 1913, 35, 129
2 Z angew Chem , 1897, 10, 685, 717, Ber, 1900, 33, 1924  Power and Shedden,
Journ Soc Chem Ind., 1900, 19, 636.
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oxalie acid. and the hydrogen peroxide solution then standardised
agamst the permanaganate 1 c.e N/20 KMnO, =0 0070125 grm. Ce.
The above method @ives very far results m the presence of the other
rare carths ; phosphates and titanium, however, mterfere

(b) Sodium  Busmuthate Method?  The solution of cerous sulphate
contaming 20 c.c of concentrated sulphurie acid m a bulk of a 100 c.c.,
15 treated with 2 grm of ammonium sulphate and 1 grm. of sodium
bismuthate, and boiled for five muinutes.  After cooling a hittle, 50 c.c.
of 2 per cent sulphurie acid are added, and the exeess of bismuthate
filtcred on a Gooceh erueible packed with ashestos previously well washed.
first with acidified permanganate. then with distilled water. The erueible
1s washed with 100 to 150 ¢ ¢. of 2 per eent. sulphurie acid. the filtrate
cooled to room temperature, a small exedss of hvdrogen peroxide or
ferrous sulphatc added. and the exeess titratcd back with N/20 per-
manganate  Rare carths, zincontum, thormum, and titanmmum do not
interfere.

(e) The Ferrieyanade  Method * 'The neuatral solution of ecrous
sulphate 15 pourcd mto an (xeess of potassitum fernevanude solution
made alkaline with 2 3 orm of caustiec soda  The  preeipitated
hydroxides are filtcred off, woll washed with warm water, the liltrate
and washmgs acidified with sulphurie acid, and the ferroevanide present
titrated with N720 potassium pamanganate

Cey(S0)), 12K Fe(CN) 4SKOTID 2Ce(OH), + 2K, Fe(CN), -+ 3K,80,.

§ V. Colorimetric Determination. Ccuiium may be dctermined in
thormum oxide by the followme proccss = “The matcral 15 fused with
bisulphatc. the solution of the melt precipitated with ammonia, and the
preeipitate dissolved monitnie acid The hiquud s exaporated to diryness,
the residue taken up m o watar and hltar ibres removed by filtration
The fltrato s heatcd with a measurad execss of eritrie acid and hydrogen
peronide, ncutralised with ammonia, and transfarved to a evlinder
The standard 15 preparcd by addimg an approximatddy equal amount
of pure thortum nitrate to a small quantity of cenium <olution (0 0005
gm  Ce). and cqual quantifies of citrie acid. hydrogen peronide, and
ammonta  The tits are matched by withdrawme o suitable amount
of solution from the eylimdar m which the colour 1s stronger

§ VI. Detection in Ores. 'T'hc orc 1s opaned up by one of the methods
deseribed 1 § VIT L the total rare carths preeipitated as oxalates, and
the lattcr digested with funing nitrie acid, which s finallv evaporated
to dryness on a water-hath, the residue s taken up with water, the
thortum removed with hydrogen peroxide, and the rare carths m the
filtrate preapitated with ammoma aftcr boiling off the excess of
peroxide  The preapitate s filtcred off, well washed, dissolved i nitrie
acid with a few drops of hydirogen pcroxide, the solution evaporated to
dryness, and the following tests applied aftor taking up with water

Y Metzger, Jowrn Lwmer Chon Soc, 1909, 81, 523, Motzeer and Hewdelberger, oad
1910, 32, 642 ¢f also Wagner and Muller, B, 1903, 86, 282, 1732

2 Browning and Polmer, lmer Journ Sec, 1908, 28, 83, Chem  News, 1908, 98, 106
3 Benz, Z angew Chem , 1902, 15, 300
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(a) Caustic soda or alkalics give a white precipitate insoluble
excess, turning yellow on addition of hydrogen peroxide.

(b) The solution 15 poured mto a large exeess of potassium carbonate
solution so as to yield a clear hquid ; on adding a few ¢ ¢. of hydrogen
peroxide the solution turns yellow 1f eermum 1s present.?

(¢) Tartaric acid 15 added, the solution made ammomacal. and boiled
with a few drops of hydrogen peroxide. A dark brown colour develops
if cerium is present 2

(d) Ammoniacal silver mitrate solution 15 warmed with the neutral
cerous solution, when a brown colour or black precipitate (according to
the amount of cerium present) 1s produced.? .

(e) The solution 15 rendered alkalime with caustie soda, evaporated
to dryness, and a drop of a solution of strychnine m exeess of sulphurie
acid added.  The solution turns blue or violet, and finally 1cd.

(/) Once part of ceria i 10,000 of hquid may be deteceted by treating
the neutral or shghtly acid solution with ammonium acetate i excess
and hydrogen peroxide A yvellow precipitate or colour, duce to the
formation of basie pereerie acetate, 1s formed.*

§ VII. Determination in Ores.—(«) Gratimetrie - (1) Operning up the
Ore —(a) Monazite Sand 5 gim of the powdered sand are heated with
10 ¢ c. of concentrated sulphurie acid at 200°- 3007 until completely
decomposed (23 hours), avording as far as possible loss of acid by
evaporation  The pasty mass 15 allowed to cooll stirted mmto a large
exeess of cold water <o that all soluble mattcrs dissolve, and the
solution made up to 250 cce¢ It 15 filtered, and 50 ¢¢ (=1 grm )
pipetted off.

(B) Aeschynate.—2 5 grm of the shmed muneral are strongly heated
with 10 -12 ¢ ¢ of sulphurnie acid until the excess of the latter s expelled
The residue of anhvdious sulphates 1s dissolvad morcee-eold water, the
solution made up to 250 ¢ ¢ . allowed to stand ovanight, and 100 ¢ ¢
(-1 grm) filtered off.

(y) Cerate, Orthate, Gadolinite 2 5 grm of the finely divided mineral
are made into a paste with water, 5 ¢ ¢ of concentrated sulphurie acad
added, and the nuxture heated to deive off all volatile matter, fimshine
up at a dull red heat  After cooling, the mass of anhydrous sulphates
and sihea 15 powdered and stured mto 200 ¢ ¢ of 1ee-cold water  The
solution 1s made up to 200 ¢ ¢, allowed to stand overnight, and 100 ¢ ¢
(—1 grmv.) filtered off.

(2) Separation of the total Rare Iarths.- (a) The solution obtamed
from monazite sand 15 treated cold with an equal bulk of cold saturated
solution of oxalie acid, allowed to stand an hour, stirred vigorously.
and sct aside overnight.  The ervstalline oxalate preepitate s filtered
off, well washed with acidificd water, 1emtcd to onide. and the latter
dissolved mn nitrie acid with the addition of a hittle hydrogen peroxide

LJobh, Compt Rend | 1898, 126, 246, Mever, Z anorg Cham, 1904, 41, 94
t Wuth, Chem Zew, 1913, 87, 773

$ Biltz and Zommermann, Ba o, 1907, 40, 14979

4 Hartley, T'rans Chem Soc, 1882, 41, 202.
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to reduce cerie oxide  After expelling exeess of peroxide, the solution
is cooled, diluted to 150 c.c., the acidity adjusted to 03 N mitrie acid,
and the rare carths re-preeipitated as oxalates by the addition of a
moderate excess of a saturated (cold) oxalie acid solution to the warm
(60°) solution of the carths.,  The precipitate 1s now free from phosphorie
acid and other members of the ammonia group, and contamns all the
thorium, scandium. and rarc carths, 1t 15 ignited to oxides.

(B) The solution of the eerite, orthite, or acschymte carths is treated
with ammonia to remove the greater part of the me which remains
solution  After heating to boiling, the preaapitate of carth hydroxides,
togcther with rons cte L as filtered off, washed with hot water, dissolved
i the momumum quantity of mitrie acid with a few c.e. of hydrogen
peroxide to reduce any cere salt, boiled, and treated with a cold saturated
oxalie acrd solution - moderate excess  After stirrng vigorously the
whole 15 allowed to stand (preferably at 60° overmght), filtered, the
precipitate well washed with hot water. 1gmted, dissolved i mtrie
acid, re-preapitated, and agam 1gnited

(3) Separation of the Thoria —The 1guited carth oxides are dissolved
m nitrie acid with the and of a few e ¢ of hydrogen pcroxide added from
time to time, the solution evaporated to dryness on the water-bath,
the residue moistened  with water, and again dried  The neutral
nitrates are now dissolved m water and the thormum precipitated as
peroxide by the addition of hydrogen peroxide and a large amount of
ammonium nitrate (see Thorum, § 1) The preeipitate after washing
1s dissolved m onitrie acid, the exeess of which 1s removed by evaporation
as before, and the thorlam 1e-precipitated

(4) Separation and Estunation of Cervwom  The combmed filtrates
arc treated hot with an exeess of ammoma, the preeipitate filtered,
washed well, dissolved m nitrie acid. and the cermim preeipitated as
deseribed m § I, (¢) - The precapitate produced by any of the methods
there cnumerated as dissolved m hvdrochlorie acid, boiled to expel
chlorme, the acidity adjusted to 03 N, the solution dilutad to 200 c.e .
and the cermam preeipitated as oxalate (§ I11). The precipitate and
paper are digested with fumimg mitrie acid, evaporated to dryness on
the water-hath, taken up with water, and the cermm preeyptated as
i § IT  This preepritate s igmted and weighed as CeQ,. The colour
of tha wemtcd oxide 1s a fan test of purity ; at should be very pale yellow
to nearly whitc, without a trace of a salmon or pink colour.

(b) Volumetried 05 grm  of cerite, orthite, or other stheate 1s
fused with 5 grm of sodium bisulphate, the cold melt dissolved 1n 350
¢ c. of cold water contaning 5 ¢ ¢ of strong sulphurie acid, and the solu-
tion allowed to stand overnight. 06 grm. of monazite 15 heated to
200-300° with 5 c.c ol strong sulphurie acid ; after complete decom-
posttion the cold mass 1s stirred mto 350 c.c. of 1ec-cold water and sct
aside overmight.  In ather case the solution s filtered, the residue
washed with cold dilute sulphurie acid, and 100 c.c. of cold saturated
solution ol oxalic acid added to the boiling filtrate.  After standing

t Metzger and Hewdelberger, Jowsn Amer Chem Soc , 1910, 32, 642
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overnight the preeipitate 1s filtered off, washed with warm 1 per cent.
oxalie acid, rinsed off the paper into the original beaker, and well boiled
with an excess of caustic soda  The hydroxides are filtered off, washed
free from oxalates, and dissolved m 80 c.c. of water and 2 c.c. of strong
sulphuric acid ; 2 grm. of ammonium sulphate arc added, the solution
boiled, treated with 1 grm. of sodium bismuthate, and the analysis
fimshed as deseribed m § 1V, (b).

RARE EARTH METALS OTHER THAN CERIUM.

§ I. Properties and Compounds. - Ccerium having been dealt with
separately, the other rare carth metals will now be desertbed colleetively
in three groups, viz. cermum metals, terbrum metals, and y ttriam metals,

(a) Cernum Metals —(1) The metals are produced by clectrolytie
reduction of the fused anhydrous chlorides  They are white to vellowish
m colour, tarnish slowly m moist ain, decompose water slowly 1 the
cold but rapidly on boiling with evolution of hydrogen, and dissolve
rcadilly m acids  They combie dircetly  with oxygen, hydrogen,
nitrogen, and carbon on heatimmg.  The physical properties are tabu-
lated below :—

Metal Colour Mcltmg Pownt ! Spoaafic Gravity !
C'errum hon-grey 623" 702
Lanthanum Tin-white 810 615
Prascodymium Yellow 910 6 48
Neodymium Y cllow tinee 840 6 96
Samarium Pale giey 1350 77
p

An alloy known as Muschmetall, consisting chiefly of ccrium metals,
1s prepared by the clectrolvsis of the molten anhvdrous chlorides.
These are prepared from monazite residues obtamed m the manu-
facture of thornum mtrate

(2) The oaides ave farrly strong bases, which hiberate ammonia from
ammonium salts, and are soluble m dilute acids after ignmition They
may be prepared by ignition of the oxalates, mitrates, or hyvdroxides

(a) Lanthana, 1.a,0, 15 a white powder which readily  absorbs
carbon dioxide from the wr  Like hme, 1t hisses when slaked, and
turns red hitmus bluc.

(B) Praseodymua, Pry0y, 1s a greenish-yellow  powder which, when
heated, readily absorbs oxygen from the air, bemng converted mto a
brown oxide, probably Pr,O., which 1s also formed on ignition of the
oxalate or mitrate in the air. The dioxide, PrO,, 15 obtamed as a black
powder by heating the mitrate to £40°,

(y) Neodymia, Nd,O, 15 a hight blue to hlae powder with a lamnt
reddish fluoreseence ; very small amounts of impurities, however, turn
it brown. The colour of salts of ncodymium 15 complementary to

1 Muthmann and Weiss, loc. cit. (p 70) i
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that of prascodymium salts (this 15 also the case with erbium and
thulium, sce (¢)).  The usual ncodymium . prasecodymuum ratio in
nunerals is 2 : 1

(8) Samaria, 82,04 15 a yellowrsh-white powder of density 8-3.

(8) The hydroardes are precipitated by the addition of alkali to hot
dilute solutions of the salts. They are msoluble m excess of the preeipr-
tant. absorb carbon dioxide from the air, and give rnise to unstable
peroxides with hydrogen perovide  Lanthanum hydroxide is white,
turns red htmus blue, and gives a blue colour with sohd wdine.  Prasco-
dymum hydroxide 15 bright green. the ncodymium compound blue,
and that of samarium ycllowish-white.  Solutions of the salts with
colourless acids are, m the case of lanthanum, colourless 3 prasco-
dymuum, green, neodymum, red to reddish-violet , samarium, topaz-
yclow  The basie power of the hvdroxides decreases i the order
La, Cetr) Pr, Nd. Sa, Ce?

(4) The chlordes, MINClL are producecd by solution of the metals,
oxides, hydroxides, or carbonates in hydrochlorie acid. They erystallise
as hexahydrates with the cxeeption of the prascodymium salt, which
forms a heptahydrate  Datk brown samarous chloride, SmCl,, 15
obtained by reduction of SmCly m hydrogen.

(5) The fluonides are msoluble o water and dilute muneral acds,
but somewhat solublc i strong hydiofluone acid. - They may be precr-
pitated as hydrated salts by addition ol hydrofluorie acid to solutions
of the ehlorides. The anhydrous salts are isomorphous with fluorspar.

(6) The sulphates arce produced by treating the oxides with excess
of sulphuric acid and subscquently heating to 500°. They readily dis-
solve mn1ce-cold water, with the formation of hydrates whose solubilities
arc lower than those of the anhydrous salts and deercase with rise n
temperature  This 15 an mportant property, which 1s made usce of for
the final puritfication of the clements

Solubility

(‘tystal (zim anhydious |

Hvdrate stable Other Ty drate form of sulphate 1 100

at 25° rer Hydiates stable H,0) at

Hydiate |- - --—-

0° 18° | 100°

Lanthanum sulphate Lay(80,), 91,0 16, 6H,0 Hexagonal 3 I)I 21107

Praseodymium |, P8O, 8H,00 15, 6,12, 155 H,0 | Monoclmic | 198 1 14050 10
Neodymium " Nd,(ROy), 8H L0 none - 951 701 225

Samarium " Smy(80,), 8H,0 none " 342 at 25°

On addition of a large exeess of sodum or potassium sulphate to a
solution of the chlorides, erystalline double sodium (potassium) sulphates
are precipitated.  These are msoluble i saturated sodium or potassium
sulphate solutions.

(7) The oxalates arc precipitated as decahydrates by the addition
of oxalic acid to a solution of the metals.  They are insoluble in water,

-
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very slightly soluble in dilute mineral acid, and readily soluble mn hot
concentrated hydrochlorie or mitrie acid, from which oxalo-chlorides or
oxalo-mitrates may be crystalhised.

(8) The double nitrates have the general formula . 2] MB(NO ),
3[MY(NO,), .2 11,0, where MYt —rare carth metals, the bismuth salts
arc 1somorphous with those of the rare carths, and ther solubihties are
mtermediate between those of the corresponding salts of samarium and
curoptum and those of gadolinmum and dysprostum, while they are
ncarly equal to those of terbium , MY magnesium, manganese, nickel,
cobalt, zme. The formula of the double ammomum nitrates 1s
MUi(NO,),.2NII,NO,.411,0.

(0) Terbeum Metals.—The general methods of preparation of the
mctals and their salts are the same as for the certum metals  Lattle
1s known concerning  the pure metals  The properties o the most
mmportant compounds arc given m the following table -—

Katopium Gadolinium Terbium
I

Oxides Ku,04, palc pink GdyOy, white Th,0,. white, Th,0;
dark brown, formed
oniemting oxalate

Chlordes LBuC'ly 61,0, pade | GdC 0HL0, colowm- | ThCT, dehquescent
1ose BuCly colou less, deliquescent colourless prisms
less,solublem H L0,
formed by reduc-
tion ot JouC'l, m
hy drogen

Sulphates Iu,(80,), 81,0 Sad (RO SHLO 268 | Thy(SO,), 8H L0
parts ot anhydrous
salt dissolve m 100 -

H,0 at 25

The double sodium  or potassium sulphates are shghtly soluble 1n
saturated alkalt sulphate solution

(¢) Yttraum metals.- -Yttrium, crbram, and ytterbrum are the three
most abundant metals of this group, the others are rave, and hittle 1s
known of thar chemistry.

(1) The metals.  Yttrium and erbium have been prepared as grey
metallic powders, the othar metals have not y et been deseribed.

(2) The oardes are prepared by 1ignition of the oxalates, hydroxides,
or nitrates.

(a) Ytthria, Y04 15 a pure white, feebly diamagnetic powder which
absorbs carbon dioxide from the ar and hberates ammoma from its
salts.  Yttrium salts are colourless.

(B) Dysprosia, Dy,0;, 15 a white, Inghly paramagnetic solid giving
yellow salts.

(y) Holmia, Ho,0,, 1s a pale ycllow, highly paramagnctic powder ;
its salts arc orange-yellow.
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(3) Erbia, Er,0, 15 a heavy, rosc-coloured powder (density 8:6).
Its salts are rosc-coloured, have a sweet astringent taste, and yield
characteristic absorption spectra. .

(e) Thulia, Tm,O, a dense white powder with a greenish tinge ;
gives pale green salts, the colour of which 15 complementary to that of
erbium alts. When strongly heated 1t gives a carnnne-red glow which
15 very characteristie.

(é) Ytterbia, Yb,0,, white powder which dissolves 1 acids, giving
colourless salts.

(n) Lutecra, 1a,0 , 15 a white powder , salts colourless.

(8) Celhia, C1,0y4 15 white. It has only reeently been discovered
(1911).

(3) The chlondes  erystallise with six molecules of water, with
the exeeption of the thulium salt, which has seven,

(4) The sulphates crvstallise as monoclmie octahydrates and form
double salts with sodium or potassium sulphates, which are soluble n
a saturated solution of the alkali sulphate

(5) The ovalates are precipitated m a similar manner to those of the
cerium metals

§ II. Quantitative Separation from other Elements. —(«) The rare
-arths are separated from other elements of the ammonia group by means
of oxahie acid (see Cerum, § 1. («))

(b) Separation from Thoreunm - See Thorum, § I11.

(e) Separation from Cervum.—Sce Cernum, § I1.

(d) Separation from Scanduan — Sce Scandwam, § 111

§ III. Separation of the Rare Earths from one another.-- («) Approai-
mate Separation of the  Cervum from the Ythum Group.—(1) The
Metals are wn Solutton v Chlonddes o1 Nitrates ' 'The solution 1
evaporated to dryness on a water-bath, the residue taken up 1 a
minmum amount of water, and 200 to 300 c¢.¢ of a saturated solution
of potassium sulphate added. followed by 3 grm of the powdered salt.
The muxture s well stirred. set aside overnight, filtered, the preaptate
washed with a saturated solution of potassium sulphate, and digested
with hot caustic soda sohition.  The resulting hydrosides are filtered
off, well washed with hot water, dissolved i hvdrochlorie acid, the
solution evaporated to dryness, the vesidue taken up m a mmmum of
water, and the cermum metals precipitated as before  The precipitate
15 transformed mto witrate and the metals preapitated with oxalie
acid  The combined filtrates from the double sulphate preaipitate are
treated with oxalie acid to throw down the yttrum carth oxalates.

(2) The Metals are Present as Sulphates —-The solution 15 evaporated
to drvness, and the residue heated to 450° until no further fumes of
sulphurie acid are evolved  The cold mass 15 broken up and dissolved
m 1ce-cold water to a nearly saturated solution, which s diluted with
an cqual bulk of water, and solid sodium sulphate added with constant
stirring until the solution 1s saturated  After standing overmght the
precipitate 1s filtered off, washed with saturated sodium sulphate solu-

! Johnstone, Journ Soc Chem Ind, 1914, 33, 55
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tion, and digested hot with caustic soda ; the hydroxides are filtered off,
washed with hot water, dissolved 1in hydrochlorie acid, and the solution
re-precipitated with sodium (or potassium) sulphate as m (1), The
preapitate of double alkali sulphates after the second preeipitation
contains all the lanthanum, prascodynnum, and ncodymium, and ncarly
all the samarium, curopium, and gadolimmm, together with a munute
amount of yttrium mctals, but a small part of the terbrum metals will
be found 1n solution together with the yttrium group.

(b) Separatwon of the Rare Iarths from one another.~—Except for
the separation of thorium and certum from the other rare earths, no
exact quantitative separation of these metals 15 known. The only
method by which a separation can be accomphished s that of fractional
crystallisation, which 1s applicable to the rare carths because thar
corresponding salts are usually 1somorphous and capable of forming
nuxed erystals. It has been found that the order m which these salts
scparate from solutions 1s generally as follows :—

La Ce Pr Nd Sm Fu Gd Tb Dy Ho Y Er Tm Yb Lu Ct
Cerium group. Terbium group. Y ttrium group.

X3 2

IHence, with the exeeption of yttrium, this “ serial order ” corresponds
with the sequence of the clements according to mercasce i atonmue weight.
The usual procedure for fractionating a mixture of rare carth salts is
carricd out m two stages :—

(1) Furst Stage. —The orginal nuxture of salts (\\) 15 dissolved 1 the
hot solvent and the solution evaporated until on cooling about one-
half the omgmal mixture crystalhises out.  After standing overmght
the mother-hquor (13) 15 decanted mto a new vessel and again evaporated,
so that about one-third of the remaming salt crystallises on cooling.
The first crystals (C) arce dissolved 1 hot solvent, so that on cooling
two-thirds of the nuxture erystallises out.  Both vessels are allowed to
stand overmght ; the hiquor (D) from the evaporation of B 1s poured
off from the erystals () and agam cvaporated. The hiquor (F) from
the re-erystallisation of C 15 poured on to erystals K, the whole warmed
until the erystals dissolve, adding more solvent if necessary, and the
solution allowed to crystallise. The erystals from I are re-dissolved
and re-crystallised as before.  The process 1s continued m hike manner
until about 20 fractions have been obtamed, the first erystals in
sach series bemg 1e-erystalbised from fresh solvent, the mother-hquors
from cach crop bemg used to dissolve the next crop, and the final
mother-hiquor being evaporated m stages (see diagram, p. 82).

(2) Second Stage.—In this stage the number of [ractions 15 kept
constant. The fractions, numbered from one to twenty, are heated
until any crystals dissolve, and evaporated so that on cooling about
three-fourths of the solid separates.  The mother-hquor from fraction
2 1s poured into a new vessel (21), the hquor from 19 on to the erystals
m 20, that from 18 mto crystals 19, and so on down to the hiquor from 1,
which 15 poured on to erystals 2. New solvent 1s placed 1 vessel 1,
the whole series from 1 to 20 heated till the erystals dissolve, and again

6
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allowed to crystallise.  The same process 1s gone through as m the first
case ; the liquor from 20 15 poured into 21, that from 19 on to crystals 20,
and so on.  Crystals 1 are again taken up m fresh solyvent and the entire
series of operations repeated.  After a time cerystals 1 become very
small 1n bulk; they therefore miss a crystalhsation, after which they
are added to the crystals i vessel 2, which theneeforward constitutes
the ““ head ”* fraction.  When the hquor m vessel 21 gets to a suflicient
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Contimued untal 20 fractions are obtained

(1 anvstals, MLo-mother-ligquor

Crystals move n the direction of the continuous hines, mothcr-hquors, m that ot the
broken lines

Tho ficures at the nodal pomts (wotten thus ' ) represent the werght of salts i the
products as fractions of the onginal minture  Those on the arrows (wnitten thus  .) show
mn what proportion cach traction should be split up into crystals and mothcr-hquor

bulk 1t 15 added to the series and becomes the new “ tail 7 fraction ;
by contmuimg m this manncer, fractions 1, 2, 3, te, gradually (llmppuu,
and new fractions, 21, 22, 23, cte ., appear at the end of the series. As
each head or tail fraction becomes a pure salt it 1s removed from the
series, and thus after a time the fractions begm to get less as more
and morc of the pure salts are removed from cach end.

(3) Control of the Fractionation. --Sceveral methods are avalable for
ascertaming the progress of the fractionation : --

(a) Spectroscoprc Methods.  (Sce Introduction) —Where a metal gives
an absorption spectium (prascodymium, ncodymium, erbiunm, thulium),
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the inspection of the latter 1s a rapid means for detecting the presence of
the metal.  The spark speetrum may beapphed toall the rare carths, while
the examiation of the are speetrum supplies the f{inal proof of purity.

(B) Deternunation of Iiquacalent Weight. -A weighed amount of the
oxtde, prepared from the onalate, 15 dissolved i hydrochlorie acid,
small exeess of sulphurie acid added. the solution evaporated to dryness,
and the residue heated slowly to 500° to constant weight  T'his method
answers well for certum metals and yttrium, but the less basie members
of the yttrium group are best converted mto anhvdrous sulphates, a
weighed amount of whieh 1s ignited to oxade.

(y) Determenation of the Magnetie Susceptibdty ' s sard to be a rapud
and useful method

(k) The Separation —The procedure tabulated below, wlhich will
give the best possible results i the shortest time, 1s substantially that
worked out by ¢ James 2 The thorium hayimg been removed by one
of the methods desertbed under Thormum, § TTT . the rare carths in the
filtrate are preeipitated hot with caustie soda. the preepitate dissolyved
m hydrochlorie acid, the solution preepitated with oxalie acid, and
the preeipitate rwgmited to oxides  The further treatment depends on
the proportion of yttrium carths present - af this (xeceds 20 per cent
the muxed oxides are dissolved - hydrochlorie acid and the analysis
proceeded with as under (a) . 1tf well badow 20 per eent o the proecdure
should commenece at (8) It should be kept i nund that thosc operations
do not give a quantitative separation, as 1t 15 mmpossible entirely to
chmmate the mtermediate fractions between two elements ., but these
may be redueed to small amounts

Tanre, XI1

(u) “Disohvo nn\((l Contdes H(l satutate with Na \1)‘ 10H, L0 hltar !

Pr double \lll])hd“‘\ ot (4 lm, 1[, N(l, .\.n l',ll, Gd \lll.l“‘. ' vittia carths
amounts of Th, Dy, Ho  Digest with NaOH, filter, wash freo | add to I

trom sulphates, dissolve m HNO, evaporate to diyvness, tahe | - —

up with H,0

() Dissolve e HNOg, evaporate to dryness, takhe up with 1,0 Eisher solution
15 botled with KBro and llldll)lt‘ until mmt of the Cous ppted — Filter

P2 bulk ot Ce |

Add P, dissolve m;

H, ppte with —_— - - -

H 050 gnite (ui I add Y Ppre i 1 romamder ot Ce with small
I

F: o with more NG 1(), “and marble until all Co 18 pp!(‘(l

Ittt

(¢0, e with  NH,OH  filter, | amount~ ot other earths  Dissolve n
S eject lt(‘. dissolve  HCL ppte with NHLOH, filtar, seject

pptc m H( l, add Na ,.\()‘, hllm hltrate  dissohve ppte - HNO,, and
frepeat KBroOy ticatment

|
|
‘;
l“ .ulnl I (|n the l" (ll'_{(‘\tv \\nhg
casoot (a)), treat tor | NaOH, filter, aepect |
yttria carths (Table | iltrate, dissolve ppte i . _ — :
)\lll) rln HNO, ppte with  H,C,00 1eject hiltrate, wgmte oxalates,

— - issohve onides e known mimmum of HNO, . neutrahse an
oqlml (l"l()”lltr of HNOy with MeO, mux ~olutions and subject to fractional crystallisa-
Lmn 50 as (,0 oventue \Ilv u|>t,lm tmu groups ot frac tnnw mumhn" to then (omp(mtmn

o B o (o)
U Urbain, Compt Rend , 1908, 146, 406,922, Uibam and Jantsch, ied , 1908, 147, 1286

t Journ Amer Chenm Soc, 1908, 30, 979, bed , 1912, 34, 757  Sce also Meyer and
Hauser, e Chemusche Analyse der Seltenen Erden, Stuttgart, 1912

Proadd to P2 P add to I
i
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T'anir XII.- —Continued.

Group 1 -Least soluble  Colourless—palo green , La. Pr

Treat cach fraction separately as follows  Ppte with H,(',0,, 1gmite ppte, dissolve
m known mimimum of HNO,, neutralise two-thirds the anmunt of HNO, with NH,OH,
continue fractionation from water contaming one-tenth the weight of nuxed oxulw m
HNOy  Each crop of erystals 1s washed with strong HNOg, which 1s added to the next
more soluble crop
Fraction 1 - Least solublc L(L Nl mitiate | Fraction 2~ Small | Fraction 3 —Pr-
Dissolvo m 1,0, add a hitle HNO,, ppte | mtermediate  pro- | NH, mtrate  Ppte
with H,(,0,, 1gmte to La,0,  Punfy it | duct, contams La | with H,(,04, 1gmte

desirod by dissolving m stiong H ,SO,, heat | and Pr to  P1,0, Add
to 500° until all free aad s expelled Dis- igmited oxide from
solve 1in water at 19, heat to 32° filter, usimg | Fraction 1 of
suction, wash with hot H,0  Ppte plll(‘i (iroup 2

La,(SO), 9H,0  Wiltrate La and a hittle

Pr

Grour 2 —Colow less pale pimk T, Nd

Treat cach fraction separately as follows  Ppte with HL,C,0,, gmte, dissolve in known
mimimum of HNO,, neutralise an equal amount of HNO, with MnC'O, mixv solutions,
continue fractionation from HNO, of sp gr 1 3. allowimg most of the salts to crystalhise
out m each operation, <o the volume of mother-liquor s small compared to the bulk
of the erystals By thus method the two elements may be separated with the loss of very
hittle material in ]<’r.u-tmn 2

Fraction 1 —licast -.ulul:h Pr-Mn nl(vmtm

| Fraction 2 Fraction 3--Nd-Mn

Dissolve n didute HNO5, ppte with H,C,0 Intermodiate | mitrate  Treat Iike
wnite to PryO,, add to Fraction 3 nf’ (P11 Nd) 1 Fraction 1, add Nd,0,
Giroup 1 E | to Fraction 2 of Group 3

aGrote 3 ~Amethyst  Crude Nd

Continue fractional crystallisation of double Mg nitrate s until the absor ption spectrum
in the blue stands out clearly, showing chmmation ot Proand Sm (Fractionation
of the simple mtrates from strong HNO, will conceatrate the Promn the most soluble
fractions)

Fraction | —— | Fraction .3 Nd- '\!w mtratv (mamm  Nd fraction) | Fraction 3.—
Small Ppte acid solutiou with H,C,0, ignite to Nd, Oy, Small
(Pr+ Nd) add Fraction 3 of Group 2 (Sm+Nd)

(.mn 4~ Yellow  Sm, Eu, (i, small amounts of yttria earths

Evaporate each fraction separately to diyness, continue fractionation of the double
Mg mtrates from HNOg of sp ogr 13 Alter a tune, when the head fractions, exanmuned
through a thickness of 12 cm , show no absorption bands (of Ku) at 5337 and 5251, they
are removed from the series  The fractionation of the remamder 1s continued, with
the addition of Bi-Mg nitrate to cach mother-liquor ;. the hcad fractions, as they
become free from Bu, are again removed  Fimally, a head fraction of pure Bi-Mg
mtrate 15 obtamned, and thus a quantitative separation of Sm from Eu (Cid) 1s ac-
comphshed

! Fraction 1 Double | Fraction 2 Fu-Mg | Fraction 3 -Small | Fraction 4 - (;(l
Mg mitrates of Sm | mitrate with much [intermediate frac- | with Th and a hittle
and a  httle  Nd, | Br - Trcat as Frac- | tions, chiefly Gd with | of the yttra carths

with much Br - Dis i tion 1 a hittle Ku Convert into simple
wolve i H,0, ppte ' —— — — — | mtrates,fractionato
with H,S, filter, ppte hltr.;tv \nth H,C,0,, from IIN() of sp gr 13 whilst continually
igmte ‘to Smy0,,  again convert anto | adding (N() )s 5H,0 to the mother-

double Mg mtrate, add cqual weight of hqum\ Evont,ually a quantitative separa-
Bi-Mg mitrate, continue fractionation Nd | tion of Gd from the other earths may be
concentrates in the head fractions carnied out, Gd accumulating 1 the head
e e - — 1 fractions. Theintermodiate fractions, con-
tarnung Th, are freed from Bi and mldml to Fraction 1, Group 2, Table XIIIL
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TasLe XIII.

Ppte F5 (Tablo XII) with H,(,0,, 1gnite, dissolve in H,SO,, heat to 4. 50 to drive oﬂ‘
excess of acud, dissolvo 1 ice-cold water, pour over slight oxcoss of Ba(Br0,),, hilter
off BaSQ, ; subj('ot, to tractional crystallisation to obtam four groups of fractions

GRrOUP 1 —Gd and Th bromates, with small quantities of Nd and Sm Convert to
double Mg nitrates, and fractionally crystallise with addition of Bi-Mg mitrate (Table
XIIL., Group 4) 'The final fractions are substantially the same as the more soluble ones
of Group 4, Table X11

(roup 2 —Tb, Dy, Ho, Y bromates  Convert into simple mtmtos fractionate from
HNO, (1 '3) Wlth ud(llt.mn of Bi( NU,)., 5H,0, 50 as to obtain three fr.J.(tmns

Fracton 1 —Th  Any | Fraction 2 l)y Con- | Fraction 3 —Ho. \ Subject
small quantity of Gd may | vert into ethylsulphates, [ to fractional  pption  with
ibe extracted in the less | and continue fractiona- | NH,OH, Ho concentrating m
soluble portion from the | tion, obtaming Th i the | the least basic fractions The
fractionation of the double | least soluble, and Ho 1n | Ho fractions mav be purified
N1 nitrates the most soluble, fraction | by fractionation of the simple

mtrah'ﬂ in presence of of Bl nitrate

(irour 3 —Crude \lrmlum bromate (chief IIlllllll‘llI(“« Ho. Kn) lpw w1th H « ().‘
iemte, dissolve tn HNO,, evaporate to dryness, heat residue gently untal &urfu ©
acquires a characteristie steely appearance Pour fused mass into cold water, heat to
Lotling and allow to cool, when basic mitrates of the less basic earths crystalhse out
ilter, dissolve residue in HNOL, repeat evaporation and fusion  Evaporate filtrate
to dryness, subjeet residue to same process  Continue treatment, adding filtrate
from one fraction to basic salts trom the next Yttria 15 most dificult to obtam free
from other earths

Grour 4 - Y, Ei, Tm, Yb Lu, ('t bromates Continue bromate fractionation,
obtaming finally three prinapal groups of fractions

Fracton 1 Y, Ei  Apply l Fraction 2 = T'm ' Frachon 3 -Yb, Tu, Ct C(on-
fusion of mitrates as under P Contmue bromatepvert cach fraction mto simple
Group 3 Erbium bemng the | fractionation, it de- Dmtrates, and continue fraction.

less basie oarth, it~ mtrate | sired, for further puri- ' ation from HNO; Y b concen-

1s decomposed fust Erbia | heation Dtrates an the least soluble crys.
has not yet been obtamed - i tals, ('t 1n the mother-hquors
pettectly pure ] Neither Lu nor ('t have yet been

obtamed in the purv state

(¢) Approxunate S('pu/(dmu of L(ln!/mmun Jrom 1)1111/muun (1 ¢
Prascodymium + Neodynium).! “The solution of the nitrates 15 evapo-
rated to dryness moa poreclam dish, the residue gently heated to about
450° for a few minutes, and removed from the heat before decomposi-
tion 15 complete  The mass 15 taken up. whilst warm, with hot water.
the mixture left to stand a few hours, boiled, and filtered  Most of the
didymium remains undissolved as basie mtratc  The filtrate, which
15 usually pale pmk, 15 again evaporated to dryness and the fusion
repeated on the residue This treatment s continued until the filtrate
is colourless (usually 2-3 repetitions suftice)  The msoluble residue 1
ignited 1 air, then m hvdrogen, and weighed as D1,04, the filtrate of
lanthanum mtrate 1s evaporated and the residue ignited to La,0,. The
latter should be white.  The results for didymia are usually a httle
high, those for lanthana correspondingly low ; 1t 1s preferable to repeat
the fusion several times rather than attempt the separation at too high
a temperature.

! Damour and Deville, Bull Soc Chim ,1864,2,339 Schutzenberger and Boudouard,
Compt. Rend , 1896, 122, 697, 123,782, 1898,128, 1648 ; Nilson, ibid., 1879, 88, 642, 647,
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(d) Separation of the Cerium from the Terbrum Group.' —-This can be
accomplished quantitatively by the fractional erystalhisation of the double
magnestum nitrates m the presence of bismuth magnesium nitrate, as
desertbed under (8) (1), Table XII., Group . It 15 a lengthy operation,
but not so protracted as the solation of the individual carths.

(e) Separatwon of the Terbium from the Yttrium Group.>—The best
mecthod for effecting this separation consists m the fractional erystallisa-
tion of the cthylsulphates in the presence of metals of the cermum group.
The mictals do not separate in the “ sermal order 7 (see (b)), the neody-
mium salt bemg the least soluble, and the lanthanum salt approxi-
mately equaln solubihty to that of gadopinmum ; from the latter onwards
the ““ sertal order ”” holds good — After a prolonged treatment by frac-
tionation all fractions contamnmg lanthanum arc removed  they con-
tain the terbium together with the ecrmum group, which latter must be
removed as under (d)

§ IV. Gravimetric Determination.—(«a) Determnation of the Sum of
Rare Earths other than Cerwa -- The solution from which the cermam has
been 1emoved by one of the methods given under Centum, § 11, 15 acidi-
ficd with nitrie acid (about 5 ¢ ¢ per 100 of solfition) and precipitated
hot with excess of saturated oxalic acid solution  After standing over-
night the preempitate 1s filtered off, well washed with very dilute nitrie
acid, and rinsed into a poreclam basin - Nitvie acid s added, and evapo-
rated to dryness on a water-bath; the rcadue 15 heated with fuming
nitric acid until all oxahie acid 15 destroyed , the mtrate residuc 1s taken
up i water and the solution re-prceipitatcd with oxahie acid as before.
The washed 1esidue 15 dried. and 1gnited gantly at fivst i a poreclam
cructble.  The ignmited oxides are morc or less colowrcd. due to the pre-
sencee of the higher oxides of prascodymium and terbium  The exeess
oxvgen may be removed by ignition i hvdrogen, after which  the
material 1s weighed as sesquionides, alternatinvelve the weighed oxides
arc digested with hydrochlonie acid and potassiim todide i a stoppered
flask, and the hiberated 1odme measurcd with N/10 thiosulphate solu-
tion. 1 ¢ e =00008 grm. oxygen.  The oxides should be weighed m a
covered crucible, as they readily absorb morsture and carbon dioxide.,

(b) Determnation of the Individual Earths -~ In the case of fractional
crystallisations, cach final fraction of purtficd carth compound 15 dis-
solved m water and anv bismuth preeymtatcd with hvdrogen sulphide.
In the case of double nickel mitrates, the carth s fiest precipitated with
ammonia to chmmate the bulk of the miekel  The nitrate solution is
precipitated with onalie acid (twiee m the case of magnestum or man-
gancse double mitrates) and the deternunation fimshed as under (a).
The reduction i hydrogen or titration ol (xcess oxygen 15 necessary
only 1n the case of prascodymium and terbium

§ V. Detection in Minerals.—The powdered nuneral 1s opened up
with hydrochlorie or sulphuric acid, or, 1f necessary, by fusion with
sodium bisulphate or carbonate ; 1n the latter case the msoluble residue

Y Demarcav, Compt Rend . 1900, 130, 1019, 1185
2 Urbam, Jown, Chun  Phys , 1900, 4, 58
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from the aqueous extract of the melt is dissolved in hydrochlorie acid.
The acid solution obtamed by any of the above processes 1s treated
with hydrogen sulphide to remove metals of that group.  The filtrate
15 boiled, oxidised with nitrie acid, and precipitated with ammoma n
the presence of ammonium chlorde.  This precipitate 1s dissolved in
hvdrochlorie actd and the warm solution treated with exeess of oxalie
acid.  After standing overmight the preeipitate 1s filtered off, dissolved
m fuming mtrie acid, and the thortum preeipitated from the neutral
nitrate solution with hvdrogen peroxide (Thormum, § IIL).  After de-
stroving the excess of the latter by boilmg the filtrate, sodimm sulphate
15 added to saturation.  Anv white erystalline preeipitate proves the
presence of certum carths. The filtrate 15 acidilied with mitne, and
again treated with oxalie acid, whereby the oxalates of the vttium
carths are precipitated.  (Sce also Qualitative Analvsis, Table V1)

§ VI. Determination in Minerals. —The methods for opening up
mincrals m which the cerium metals predommate have already been
desertbed under Certum, § VIIL Tantalo- and titano-columbates are
fused with potasstum hvdroxide (Columbium, §§ Voand VII), or dis-
solved m hydrofluorie actd — In the latter ease the rare carths are con-
verted mto msoluble fluorides, which are filtered off and evaporated
with a small excess of sulphurie acwd to drvness  The residue 15 taken
up with iec-cold water and the solution precipitated with oxalie acid
the usual manner  The separation of thormam and cermum 1s deseribed
under Cernum, § 1T, the Oltrate from the cermum preeipitate 1s then
treated as under § TV

§ VII. Complete Analysis of Ores. («) Monazite Sand —The sand
may contain, bestdes monazite, zireon. thnenite, rutile. tantahte, and
titano-columbates, .

Fust Portion —

Hoat T am of finely pn\\(\mml \.unpl(' with 3¢ ¢ of ~liong ll,h()4 m A small porcelam
dish at 18072007 for 23 hours, avouding undue loss of acud by volatilisation  Pour
slowly into 100 ¢ ¢ of u»hl water, let stand ) hour, hilter, wash with cold very dilute
1,80,

R ggnite m Pt ocruable fuse with 223 arm | Y add B4 and 1 Dilate to 600
Na,('0,, leach with H,0, tilter; wash with < ¢ nearhy neatralise with NH,OH,
1 pet cent Na,('O ’ add 10 ¢ ¢ of strong HCL ppue with

Sl - —- ((NH,)I('_,(),. filter next dav, agnite

R fux« with NaHRO,, leach, | 17 acdify | ppte, repeat pption  Combine

filter with HCL eva- | hiltrates

—— ~- - worate todey- | 0 T T e o
R* addto R 1% add to 1 3\(‘\\ heat to | F* evaporate | Pt wmtv. dissolve
E— S 107, take up with 10 < [ HNO and a little
with (hluu, Il(‘l llltm. wash ) P HL80, and 20 ) 1,0, neutralise

R . A e 1HNO, to|with NH,OH, add
R4 ﬂ(ld R“. ignite and weigh ‘ It add to k| fumes Dilute, ‘\fl'l,l\()., and 11,0,
Treat  with  HEF+H,80, '—  -—— —ppte with | Filter repea t
1gnite, wmgl\ ) NH,OH, r1eject | pption  (Thorium,
- —Ialtrate, gmte | § TLL (a))

2 S0, | R> Ta,0,+(C b,()[,umtamuw xmall ppte, tuse with
—e——- amount of Ti0,, determme the | Na,('Oy,  leach
lal.tt('r (‘()lornnobm Allv with ll (\ hltc

— o S - -
|.‘7 T | P

(('(\)thmll(‘«] overleaf )
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R? FusowithNaHSO,, | F? acidify with HC], | F® ppte with NH,OH, reject | P®1gmte,
ppte cold with NH,Cl | ppte with NH,OH, | filtrate,dissolve ppte mHNO, | woigh
+NH,OH Filter, 1e- | 1igmte, weigh AIPO, + H,0,,evaporate to dryness, | ThO,.
peat pption, combmo |T——=—==—===_ === take up with H,0, ppte Ce

filt1ates with KBrO; and marble (Certum, § II')  Repeat pption

P& T, Zr, | F¥ deter- | I ppte with NH,(1+NH,OH, reject
¥Fe, Al | mineCaO | filtiate, dissolve ppte i HCL evapo-
T rate  to dryness, take up m 5 c«c
H,0, add 200 ¢ saturated K,80, solution and 5 grm
————————————lof finely powdered K,S0, Let stand 12 hours with occa-
stonal stirting, filter, wash with saturated K,SO, solution  Repeat pption (§ ITI, (7))

1o gee Cerium,

§ VII, (a) (4)

See Titanium, § 111

Fit o yttrium motals  Ppte | PIY 0 cennum metals  Boil with 400 « ¢ H,0+5
with H,C,0,, 1gmte and weigh | e« HCL Ppte with H,(,0,, ygmite m H current,
as Y,0,. et weigh as La,0,, D1,0,, cte

Second Portion.  Phosphorie acid. Fuse 05 grm  with 5 grm.
Na,CO; Leach with water, wash with 1 per cent Na,(O,, repeat
fusion on restdue. A third fusion may be required to extraet the whole
of the phosphoric acid — Acidify combined filtrates with HINO |, evaporate
to remove sthea, take up with IINO,. filter, precipitate with molybdate
solution, dissolve precipitate i ammonta. add magnesia mixture.

Thud Portion.  Loss onagnition

(b) Fluorides (Fluocarbonates)

Fuost Portion.

Attack I gim of powder with stiong H,80, i platinum  Volatilise oxcess of acid,
take up with H,0 and 5 10 mm of NHC, ppte with NH,OH Dissolve ppte
HCL add NHCL repeat pption Combine filtrates

Pt dissolve in HNO | adjust aadity to 03 N, ppte | FU' determime (faO(BaQ)
with H,0(,0,, filter . -

2 determine KFe and Al >

2 tieat ke P precedimg table

Second Portion.  Fluorme  Fusion with 810, and Na,('O,

Thud Portron.  Carbon dioxade and water; direet determimation.
One grm of mineral 15 fused with 2-83 grm. of dchydrated borax i a
platinum boat or bulb tube m a current of ae previously passed over
soda-lime The tube contains a heated layer of previously fused and
powdered htharge between plugs of glass wool, which serves to retamn
anv cscaping fluotme compounds  The gases then pass through a
calenim chloride tube and a soda-lime tube, both weighed. When quiet
fusion has been attamed. the system as swept with a current of pure
dry air.



CHAPTER VI.
THE FOURTH GROUP.

TITANIUM—ZIRCONIUM—THORIUM —-GERMANIUM.

GENERALITIES.

Tue rarer clements of this group. like silicon, give oxides of the type
MO,, i which form they are usually weighed  Tritanmum, zirconium,
and thormum belong to the same (even) sceries, the basieity of which
mercascs, according to the general rule, with the atonue weight 3 thus
titanie salts are most casilv hydrolyvsed. zirconmum salts less so. while
thormum compounds are the most stable  The three metals are not
precipitated by hydrogen sulphude. and  therr hvdroxides ecan be
dissolved m mtriec acid  Germanmium, hke the other members of the
odd series (tin, lead), 15 preapitated by hydrogen sulphide. and
behaves towards nitrie acid like tin,

TITANIUM.

§ I Minerals.—(«) Ouaides. Titamum  dioxide  (T10,). the only
naturally occurring oxide, 15 found in three distinet  erystalline
modifications . -~

(1) Rutile crystallises in the tetragonal system, and 1s 1somorphous
with tinstone, thorite, and zivcon It occurs as reddish-brown to black
prisms, termunated by pyramds, the sides of the prisms being vertically
striated.  Twins are common.  Brttle, fracture sub-conchoidal , sub-
metallic to admantie lustre  Streak pale brown L6 5; sp. gr. 4 2.

(2) Inatase or Octahedrite 1s a distinet tetragonal form ervstallising
in pyranuds or tables  H 353 sp. gr 38 to +0.

(3) Brookite, the orthorhombie variety of the dioxide. erystallises in
short tabular prisms. 116 sp or 39 to 42,

(b) Titanates. (1) Ilmenite 1« an ron-black mineral with sub-
metallic Tustre, essentially a ferrous titanate, but of very vanable com-
position, ferric oxide often partly replacing the titanmum  dioxade.
Rhombohedral tables ; conchoidal fracture ; brownish-black streak ;
magnctic to weak electromagnet. II'55; sp. gr. 45 to 5 0.

Iserine and Menaccanite are varieties of ilmenite occurring
alluvials.

(2) Pseudobrookite, ferric titanate, 2Fe,04.8T10,, occurs as dark
brown to black, sub-translucent, horizontally striated tables belonging

89
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to the orthorhombie system.  Streak ycllow to brown. H 6; sp.
gr. 4 %

(8) Pyrophamte, mangancse titanate, MnTi0;, crystallises i the
rhombohedral system as deep blood-red, transparent tables, giving an
ochre-yellow streak with a tinge of green I 55 sp. gr. 45,

(4) Perovshate, ealeram titanatc, CaTiO ;) occeurs m pale yellow to
red-brown cubes with an adamantme lustre; transparent to opaque,
brittle. 535, sp. gr. +

(¢) Tuanosthicates.- (1) Sphene or Tdanite, caletum titanosilicate,
CaS1'110,, occeurs variously coloured, ydllow, brown, green, red, or black.
Transparent to opaque muneral erystallisimg m the monochne system
Lustre restnous to adamantine. ‘T'wins common  Also found massive
H55; <p er. 35.

(2) Guarvnte s a vellow translueent orthorhombie variety of ealeium
titanosithcate erystallismg m thim tables with an adamantine Iustre.
H6; sp.gr. 35.

(d) In addition to the above, titaniam occurs I many rare and un-
important siicates of very complex composition, which usually contam
the rare carths. thormum, or zircontum. It 1s also an essential constituent
of various titanocolumbates, such as the cuxenite-polyerase series (see
Columbrum, § 1) As a subordmate constituent 1t 15 present m most
rocks, especially the morc hasie ones, and m clavs

§ II. Properties and Compounds. -(«) The metal has a brillhant white
colour, 15 vary brttle and hard It has a powerful aftinity for carbon,
oxygen. and nitrogen, and thercforc s very diffieult to prepare pure,
although 1t can be made by roduemg the dioxide with earbon e the
cleetrie furnace i the absenec of anr s soluble m acids, and decom-
poses stcam at a red heat  Spoar 487, mclting pomt 1800°.

(0) The dwaide 1s trimorphous (see § L («)).  As usually obtamed
artificiallv, it 15 a white amorphous powdcr, msoluble 1n water, hydro-
chloric or mitiie ards. and onlv with difficulty soluble m concentrated
sulphurie acid.  Rendered soluble by fusion with bisulphate. Readily
obtamed by 1emting the precipitate produced by ammonia in a solution
of titanium «alt

(¢) Orthotitcrre acd, H,ThO,, 15 preapitated from a eold hydro-
chloric acid solution of a titanmum salt on the addition of alkalies as a
voluminous white precipitate readily soluble i dilute acids. On long
standimg under water it gradually changes to metatitame acid, and, on
1gmtion, yiclds the dioxide with the evolution of hght.

(d) Metatitanie acid, H,T10 15 produced by boiling a nearly neutral
hydrochlorie acid solution of the ortho-acid as a white voluminous
preapitate. On agnition 1t 1 converted mto the anhydride without
evolution of hight. It 15 msoluble m acids, with the exception of hot
strong sulphurie or hydrofluoric acids.

(e) Sodwum titanates.- Three compounds, viz. Na,Th,0; Na,Ti,0,,
and Na,T1,0,, arc produced by fusion of the dioxide with sodium car-
bonate. They arc msoluble in water. R

(f) Titwuwum peroxide, O, 15 produced when hydrogen peroxide
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acts on a sulphuric acid solution of the dioxide. It gives an intense
orange-brown solution m acids, which decomposes on boiling.

(g) Tuanmum sesquroxide (T1,0,) —Salts of this oxide (e.g. titanous
chloride, ThC'l,) are produced by the reduction of tetravalent titanium
in acid solution with zime.  Ther solutions are of a deep violet colour,
and, bemng readily oxidised, are powerful reducing agents.

(h) Ttaneum cyanonatide, probably Ti(CN),.8Ti,N,. 15 formed by
the strong ignition of the dioxide and charcoal m a current of mtrogen,
and 1s often found m ron blast-furnaces as copper-1ed cubes.  On igmition
m steam at yields anmonia, and has been proposed as the basis of a
method for the fixation of atmospherie nitrogen

(1) Tuanium tehrafluode (TiF,).—When metatitame acid s dis-
solved m hydrofluonie acid, hydiogen fluotitanate, 1LT1F,, 1s beheved
to be formed.  Unlike silicon, titanium 1s not volatilised by evaporation
of hydrofluorie solutions m the presence of sulphurie acid, but if the
latter 15 onmitted a considerable proportion of the titanium 1s volatilised.

() Potassuum fluotitanate, K,/ Ti¥ . 11,0, 15 produced by the addition
of potassium fluoride to a solution of the preceding compound  Ninety-
six parts of water dissolve 1 part of the anhydrous salt at ordimary
temperature

§ III. Quantitative Separation. Titanmmum belongs to the third
analytical group, bemg preaprtated from acid solutions by ammonia
or by the basie accetate method.  Tts separation from the other metals
of this group 15 cartied out as follows :—

(a) Separateon from Iront  (Nichel, Cobalt, Zine, Manganese,
Uranam) (1) The hvdrochlonie acid solution of the mctals 1s treated
with hvdrogan sulphide to reduec farnie mon, an (xeess of tartarie acid
equal to three times the weight of metallie oxides present 1s added,
and the solution madc faintly  ammomacal. Tydrogen sulphide 1s
agaimn passed through the solution to preapitate the sulphides of the
above metals, and the solution heated to 60°- 80° to coagulate the preer-
pttate, which 1s then filtered off and thoroughly washed with dilute
colourless ammonium sulphide water The filtrate 1s boiled with excess
of dilute sulphurie acid to expel sulphuretted hvdrogen, and the tartare
acid destroyed by boiling with two and a half times 1ts weageht of
potasstum permanganate ? to produce a permanent pink colour, which
15 then discharged with sulphurous acid solution.  The tartare acid
mayv also be removed by evaporation with sulphurie acid and n.tne
acid * until the hquid s colourless.

(2) Titanmum may be separated from aron, zine, beryllium, rare
carths. and uranium by preaipitation with sodium thiosulphate * from
a ncutral solution of the chlondes or sulphates of the metals  The cold
acid solution 1s treated with sodium earbonate solution until the preeipr-
tate that forms re-dissols o5 only with difticulty (a permanent precipitate

VCathiem, Z Kiyst, 1882, 6, 244, 1883, 7, 250, sce also the next two footnotes

¢ Landet, Clhem News, 1897, 76 212

3 Wdowiszewski, Stdhl w o Ervsen, 1907, 27, 781, Thornton, dmer Journ Ser, 1912,

34. 214
B g Dittich and Freund, Z anorg Chem , 1907, 56, 337
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should be avoided). A solution of 10 grm. of sodium thiosulphate in
cold water 15 then added and the whole boiled for one hour. After
scttling, the precipitate 1s filtered off on a loosce filter, well washed with
boitling water, 1gnited, fused with potassium bisulphate, and the melt
dissolved in cold 5 per cent. sulphurie acid.  This solution will contain
all the titanium, thorium, zirconium, and aluminmium, with traces of
mmpurities that may be removed by a second preeipitation

(3) If iron alone has to be removed, the separation can be cffected
by cther.?

(b) Separation from Zirconwum.—Zircontum 15 a very troublesome
constituent of titantum minerals, as i its presence 1t 15 not possible
to precipitate the titamum completely by hydrolysis.  Thllebrand *
states that 0 2 per cent. of ZrO, mhibits the hvdrolysis of 0 3 per cent.
of Th0,.

(1) Zarconium is obtained with the titanium, alumiium, and thorium
in the preeipitate produced with thiosulphate (a) (2). The 1gnited
preeipitate 15 fused with bisulphate, the solution of the melt treated
cold with a small exeess of ammomnia, and the preeipitated hydroxides
filtered on a loosce filter, washed with cold 2 per cent. ammonium nitrate,
and dissolved m mtric acid.  The cold solution 1s treated with sodium
carbonate until as nearlv neutral as possible, but avoiding a permanent
precipitate, and poured drop by drop mto a boilling solution of 10 grm.
of ammonium salieylate in 50 c.c. of water  Boiling 15 continued until
the bulk 1s redueed to 100 to 120 ¢ ¢, the preeipitate is then filtered
off and washed with 5 per cent. ammonium saheylate solution until
quite white.?  In case this precipitate, which contains all the zirconium
and thorium, 1s considerable, 1t should be ignited, fused with potassium
bisulphate, and the above process repeated. The combined filtrates,
which contaimn the titanmmum and aluminium, arce treated with ammoma,
the hydroxides filtered off, washed free from salieylie acid, wgnited,
fused with potassium bisulphate. and separated as under (d) below.

(2) In case the titanium 1s considerable and the zircontum small
the latter 1s best preeipitated as phosphate according to Ihillebrand,*
as follows :—

The solution (preferably that from the thiosulphate precipitation)
15 adjusted so that the acidity does not exceeed 1 per eent. of free sulphurie
acid, the bulk being 200 c.e. One c.c. of sodium phosphate solution
(satarated) 1s then added after oxadising the titanium with an excess of
hydrogen peroxide (20 vols. —6 per cent. 11,0,).  The solution is allowed
to stand forty-cight hours, with occasional addition of a few drops of
hydrogen peroxide to keep the titanium m the higher state of oxidation.
The small precipitate of zircontum phosphate 1s then filtered off, washed
with cold 0 5 per cent. sulphurie acd, ignited, and fused with sodium
carbonate. The melt 15 leached with hot water, the insoluble zircomum

1 Barneby and Isham, Journ Amer. Chem Soc , 1910, 32, 957

t Bull 422, US Geol Surv, 136

3 Dattrich and Freund, Z anorg Chem , 1907, 58, 344

¢ Bull 176, U S. Geol Surv, 75 See also Bailey, Jowrn. Chem Soc, 1886, 49, 149,
481, Dittrich and Pohl, Z. anorg. Chem., 1905, 43, 236, Wedekind, wbid , 1903, 33, 83.
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hydroxide filtered off, washed with hot water, ignited and fused with
potassium hisulphate.  The zirconium 1s then re-precipitated as phos-
phate with sodium phosphate and hydrogen peroxide as before. The
combmed filtrates are treated with ammonia, whereby the phosphates
of thormum, titanium, and alununium are precipitated. The preeipitate
15 filtered, washed with boiling 2 per cent. ammonium mitrate, 1ignited
and fused with ten times its weight of sodium carbonate  The melt
is leached with water, the solution boiled with ammonium mitrate,
filtered, and the precpitate well washed, 1gnited, and  fused  with
potassium  bisulphate.  Thorium and alummmum are removed  as
deseribed under (¢) and (d).

(¢) Separation from Thorium '——(1) This may be cffected by treating
the nearly neutral hydrochlorie acid solution with ammonmum oxalate
until the precipitate first formed dissolves agam. The solution 1s heated
to boiling, and hvdrochloric acid added drop by drop until no further
precipitate 15 produced.  After standing overnight the thorum oxalate
15 filtered off and well washed with warm water acidified with hydro-
chloric acid.  The filtrate 15 evaporated to fumes with sulphune acid,
cooled, dilutcd with water, and the titanie acid preceipitated with am-
monia  Rare carths also arc separated from titanium by this process.

(2) The nearly neatral sulphate solution 15 treated with dilute
hydrofluoric acid 2 and warmed till the gelatinous thortum  fluoride
becomes dense and sandy  The solution 15 filtered thiough a rubber
funncl mmto a platinum dish, the preeipitate well washed with very dilute
hydrofluoric acid, and the combined fltrate and washings evaporated
to strong fumcs with sulphurie acid to expel hydrofluorie acid — From
the sulphate solution thus obtamed the titanmm s precipitated with
ammonia. ‘

(d) Separation from Alunanium.*—The solution of the two metals
m sulphurie acid 15 neutrahised with dilute sodium carbonate solution,
and 20 grm. of sodium acctate and acctic acid (sp. gr. 1 04) cqual to one-
sixth of the total bulk of the solution, added  The contents of the beaker
arc heated to boiling and boiled one minute, when all the titanuam s
preeipitated as floceulent metatitanie acid.  After setthing, the preer-
prtate 15 filtered off, washed with 5 per cent. acetie acid, then with
boiling water, 1gnited, fused with sodium carbonate to remove traces
of silica and phosphorie or vanadic acids, the melt 1s leached with hot
water, and the msoluble sodium titanate filtered off. washed with hot
water, 1gnited and fused with potassium bisulphate  The cold melt
15 dissolved m warm 5 per cent  sulphurie acid and the titanum
re-precipitated as before.

(e) Separation fiom Phosphorie, Tungstie, Molybdie, Vanadie, and
Clromic  Aeids. 'The ore 1s fused repeatedly with sodium earbonate,

U Ammonium salicylate (see (b) (1)) preeipitates thonium as well as zirconmum

2 Ihllebrand, loc cit (p 92), Rosenhemm, Samter, and Davidsohn, Z anorg Chem ,
1003, 85, 424

3 (looch, Proc Amer Acad Sce, 1885,12, 435, Chem News, 1883, 52, 55, 68, Chatard,
1bed , 1891, 83, 269, Noumann, Stuhl v Ewsen, 1910, 30, 457 , Hillebrand, loc cit (p 92),
Wdowiszewsky, Eng. and Mn. Journ., 1908, 85, 1200, Thointon, ibid., 1912, 84, 353.
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cach fusion bemg followed by extraction of the melt with boilling water
and filtration of the msoluble sodium titanate, cte The process s
repeated until the solution of the melt after filtration and neutralisation
with mitrie acid gives no preerpitate with merceurous or silver nitrate.

(f) Separation from Columbie and Tantahie . Acwds. -Sce Colum-
brum, § III.

§ IV. Gravimetric Determination.—Titanmum 15 always weighed as
the dioxide after precipitation by one of the reagents enumerated
below. 1f preeipitated from a solution contammmg sulphates, the dioxide
should be igmited with ammonium carbonate

(1) The aad solution 15 heated to boithing, treated with a shght
excess of dilute ammonia, the precipitate allowed to settle filtered olf,
washed with 2 per eent. ammonium nitrate, ienited, and weighed as ThO,.

(2) The acid solution 1s nearly neutralised with cold dilute sodium
carbonate solution and then boilled with 10 grm. of sodium thio-
sulphate for onc hour. The preaipitatc of sulphur and metatitanie
acid 1s filtered on a loose paper, washed with boitling water, 1gmted, and
weighed as Ti0),.

(3) The neutral solution of the sulphate s dilutcd to 300 ¢ ¢ satu-
rated with sulphwr dioxide,! and boiled for two hours m a flask fitted
with a reflux condenser  Where a number of determimations have to
be made, the use of several Lichig condansers 1s rather cumbersome.
They may be replaced by air condensers i the form of glass tubes
38—+ feet long and 4 m. wide  Metatitanie acid 1s produced by hydrolysis
of the sulphate, and 15 Gltered off, wnited, and weighed as T, The
solution 15 tested for unprecipitated titantum with hydrogen peroxide

(4) The titanmum may be preapitated by the basie acctate process
deseribed under § 1L (d)  This preapitate 1s ignted and waghed as
Th0,. TIts purity 1s ascertaned by a second preeipitation

§ V. Volumetric Determination.2 Titanium salts m acid solution
are reduced by zine to the trivalent condition. and a volumetrie process
has been based on this property.

The sulphurie acid solution contauning 20 per eent. of free acid 1s
transferred to a 250 ¢ e, round (lask, 10 grm ol coarscly-granulatcd
zine added, the flask stoppered with a cork carrying two holes to adnnt
the passage of a slow current of hydrogcn, and the reduction allowed to
proceed until the zine 15 completely dissolved  The solution 1s then
titrated to the usual pik tinge with potassium permanganate .

5T1,(S0,) ,+ 2KMnO,+ 811,50, — 10T1(S0,), | K,S0, + 2MnS0,+ 81,0

The hydrogen should pass through the apparatus at the rate of a bubble
a sccond during the whole assay. A blank should be run on the zine
and duc allowance made  Iron mterferes with this mcthod ; therefore,

LK g Roer, Chem Zet, 1909, 33, 1225

2 Hinchsen, Chem Zat, 1907, 81, 738, Newton, Amer Jowrn Sce, 1908, 25, 130,
Hibbert, Journ Soc Chem Ind, 1909, 28, 189, Gemmel, Analyst, 1910, 35, 198, Ball
and Smuth, Journ Amer Chem Soc , 1914, 36, 1838, Ncumann and Murphy, Z angew
Chem., 1913, 26, 613
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if present, the titration of the reduced solution should be carried out
with a standard solution of feirie alum (14 grm. per litre) i presence
of a large excecss of ammonium thioevanate (5 e.e of saturated solution).
The completion of the reaction 1s indicated by a pale red timge

Tiy(8O,), 1 Fe,(S0,) - 211(S0,), | 2FeS0,

The permanganate or ferrie alum solutions are standardiscd agamst a
weighed amount of pure titanmum dioxide dissolved by fusion with
bisulphate.

§ VI. Colorimetric Determination.-—(«) Titame sulphate yields -
tense orange-ycellow coloured solutions on the addition of hydrogen
peroxide.  This has been made the basis of a colotimettie method by
E. Weller.t The colour 1s best compared when it 1s of a deep straw-
yellow tint, 2.¢ when the titanmum present corresponds to 0 0015 to 0 002
grm. per 100 c.c. of test solution.  The colour 15 bleached by hydro-
fluoric acid even 1 mmute quantity and by large amounts of phosphorie
acid and potasstum sulphate. but the presence of considerable free sul-
phuric acid tends to overcome the mtorference of the latter, which s
present from the bisulphate fusion  Uranmum, vanadium, moly bdenum,
and chromates mtafere by giving a colour with the peroxide  Tron
mterferes 1f present in sufticient quantity , the yellow tmt as discharged
by phosphoric acid, due to the formation of fcrnie phosphatc, but the
acid 1tself has a shght bleaching clleet (sce above)  Therefore 1t 1s best
to proceed as follows .—-

The titanium solution 15 treated with 5 ¢ ¢ of phosphore acid
(sp. gr. 1 38), 5 ¢ ¢ of 6 per cent hydrogen pcroxide, and 9 ¢ ¢ of strong
sulphurie acid, and made up to 100 ¢ ¢ m the Nessler tube .\ standard
tube 15 prepared with the same quantities of reagents as the assay,
mcluding potassium sulphate, and diluted ncarly to 100 ¢ ¢ .\ solution
of titantum sulphate of known strength is slowly added to the standard
until the colours mateh,  The standard 1s diluted <xacetly to the mark
and the colours agam matehed.

Picparation of the Standard — 3 000 grm  of pure, feebly calemed
potasstum {luotitanate are waghed mto a platimum basin and evaporated
to strong fumes three times with sulphunie acid m order to ensure com-
plete expulsion of the fluorme  The cold mass s diluted with water
and made up to 1 litre so as to contam at least 7 per eent of free sulphurie
acid.  One e . of this solution equals 0001 eim Ti0,,.

(b) Other colorimetrie methods have been proposed, based on the
colours developed when a phenol 2 or phonoleatboxyhie # acid 15 added
to a solution of titanium sulphatc m strong sulphunie acid. The high
concentration of the acid 15 rather a drawback to these methods.

(¢) Fenton 1 has proposed to use dihvdroxvmalae acid in the colori-

L Weller, Ber, 1882, 15, 2399, Baskerville, Jown Soc Cheme Ind , 1900, 19, 419,
Brakes, ibud , 1901, 20, 23, Pambl, Mowdt Scient, 1911, 28 643 Nee also Hillebrand,
loc cut (p 92)

2 Lehner and Crawford (Journ Ama Chem Soc . 1913, 85, 138) recommend thymol

3 K g salicylic acid, Jotssen, Bull dcad Roy Bdly, 1903, 902

4 Journ Chem Soc, 1908, 93, 1064
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metric determination of titanium. One part of titanium in onc million
parts of solution gives a distinet straw-ycllow colour with this acid,
whereas 1 part in 15,000 gives an itense orange-red colour.  Vanadium
salts give no colour ; uranyl salts give a brown colour destroyed by acid
m the cold; and molybdates a red-brown colour, destroyed on boiling
with acids.  Tungstic acid gives a brown colour which rapidly changes
to bluc.  The analysis 1s carried out as i (a), but 0-2 grm. of the dihy-
droxymalcie acid is added mstead of the hydrogen peroxide, and the
colour should be allowed to develop for an hour before comparison with
a series of previously prepared standards. Iron must be absent, as
ferrie salts destroy the reagent.

§ VII. Detection in Ores.—-The ore 1s first fused with ten times 1ts
weight of sodium carbonate, the melt leached out, and the nsoluble
residue filtered off, 1gmited, and fused with potasstum pyrosulphate.
The cold melt 15 dissolved in warm 7 per cent. sulphurie acid and the
following tests trnied -

(1) Hydrogen pcroxide gives an intense orange-brown colour 1f
much titanium 1s present, yellow to orange 1f the amount 15 small.

(2) Dihydroxymalecic acid gives a pale yellow to orange colour with
traces, a deep orange colour with larger amounts,?

(3) Reduetion with zine and sulphurie or hydrochloric acid gives a
deep violet solution with conaiderable titantum.

(4) Thymol gives an imtense red colour with titanium salts 1n strong
sulphuric acad.

(5) If the solution 1s nearly neutralised and boiled, a locculent white
precipitate of metatitanie acid 15 thrown down, msoluble 1 acids exeept
hydrofluoric or hot concentrated sulphurie acid.

(6) Ammonium salicylate gives an intense orange-yellow colour 1n
neutral titanum solutions, and no preeipitate even on boiling.  (Dis-
tinction from zircontum, thorium, tantalum, and columbium.)

§ VIII. Determination in Ores.- («) Determunation in Rutile and Ores
low wn Iron and fiee from Zurcorwum. 05 grm. of ore 1s fused with 5
grm. of sodium carbonate m platinum for half an hour over a blast.
The cold melt 15 boiled with water until thoroughly disintegrated, and
the msoluble residue contaming all the titammum as sodium titanate
filtered off, washed thoroughly with 2 per cent. sodium carbonate, 1ignited
wet o platinum, and fused with 4 grm. of potassium pyrosulphate
until completely dissolved. When cold, 2 c.c. of concentrated sulphurice
acid arc added and the melt warmed up to thoroughly incorporate the
acid ; the mass 15 allowed to cool, transferred to a beaker, and dissolved
in 5 per cent. sulphurie acid at 10°. The solution should not be warmed
above 60°; addition of 50 ¢c¢ of sulphurous acid solution assists the
dissolution of the cake.  When quite dissolved, any small quantity of
sthea 1s filtered off and the solution neutralised with ammoma, avoiding
formation of any permanent precapitate.  Twenty grm. of sodium ace-
tate, 10 c.c. of sulphurous acid, and onc-sixth the total bulk of the solu-

! Vanadium gives a similar colour to titanium with hydrogen peroxide, but no colour
with this reagoent. ‘
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tion in acctic acid (about 50 per cent.) are then added, and the whole
boiled one minute. The flocculent metatitanie acid 15 allowed to settle,
filtered off, washed with 5 per cent. acctic acid, then with hot water,
igmted wet, and weighed as Th0,.0 Tts purity should always be tested
by re-precipitation, as deserithed under § 11, (d).

(b) Determination an Ilmenite and Iron Ores generally —(1) Grave-
metric Method for Ores high wn Tv0,. 05 to 1 grm. of ore 1s fused with
5 to 7 grm. of potassium pyrosulphate till all bluck specks have com-
pletely dissolved.  The cold melt 15 leached with 5 per eant. sulphurie
acid and gently warmed until all soluble matters have dissohved.  Any
msoluble maternal is filtered off, fused with sodium carbonate, and the
melt extracted with water.  The preeipitate 1s liltered olf, well washed,
dissolved m fused bisulphate, and the solution of the cake 3 per cent.
sulphuric acid added to that obtamed above  The united filtrates are
ncutrahised with sodium carbonate without producing any precpitate,
10 grm of sodum thiosulphate dissolved i a small quantity of water
arc added, and the solution boilcd for one hour.  The precipitate as
filtered off, well washed with boilimg water, wenited wet e platimum,
fused with potasstum bisulphate, and the titanium precpitated from the
solution of the melt with sodium acetate and acetie and sulphurous
acids, as under (a).

(2) Coloremetric Method for Traces of Tianuem —The ore 1s fused
with potasstum bisulphate and the melt dissolved mowater contaiming,
9 c.c. of sulphuric acid per 100 ¢ ¢. The solution 1s trcated with phos-
phorie acid and hydrogen peroxide, as deseritbed i § VI and the colour
comparcd with that of a solution contamme a known weight of titaniam.

(¢) Deternanation i Columbates, Tantalates, and Ores conlavng
Zurconrum.? - One grni. of the shmed ore 1s fuscd with potassiim pyro-
sulphate (5 to 7 grm ) until complctcly decomposed, leachad with warm
5 per cent. sulphurie acid until all soluble matters have dissolved and
filtered. The residue, which may contam somc ttanium, 15 set aside
to be worked as deseribed later (). The filtrate contammg most of
the titantum 1s nearly neutralised with sodium carbonate, and boiled
with 10 grm. of thiosulphate m 250 ¢ ¢. bulk for one hour  The precipr-
tate of titanium, zircontum, thormum, and alummimm hydrosides 1s
filtered off, washed with boitling water, wmted, and fused with pyro-
sulphate.  The sulphates are then transformed mto nitrates, and the
thorrum and zircontum separated from the titamum and alumimium
by the ammonium saheylate method (§ L () (1)) The residue (A) 1s
dissolved m a httle hydrofluorie acid, and evaporatad to strong fumes
with sulphuric acid to expel all fluorme.  The mass s diluted with cold
water and an excess of ammonia added , the preaipitate of hydroxades
15 filtered off, washed free from sulphatcs with 2 per cent. ammonium
nitrate, and digested with 2 grm. of salievhie acid i 100 ¢ ¢ of water on
a hot plate until the bulk of solution 1s reduced 1o 50 ¢.e. The msoluble

U Blan, The Chemacal Analyses of Iron. 1908, 184, Bam., Jowrn Amer Chem  Soc
1903, 25, 1073, Waterhouse, Chem  News, 1902, 85, 198
2 After Dittrich and Freund, Z «anrorg Chem., 1908, 56, 344, 346
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columbic and tantalic acids arc filtered off and washed with hot
1 per cent. salicylic acid  Any titanum present shows m the filtrate
by mmparting to 1t an orange colour. It 1s precipitated by ammoma,
and added to the bulk of the titantum obtained above.  The combined
TiO, precipitate s ignited. fused with sodium carbonate, the melt boiled
with water, the residue washed with 2 per eent. sodium carbonate,
igmted. fused with bisulphate, and the resulting solution preeipitated
as undaer § 111, (d).

(d) Colorimetric Method for Traces in Rocks.'- One grm. of the rock
powder 1s fused with 10 grm of sodium ecarbonate for half an hour over
the blast  The cold melt 15 extracted with boiling water, the msoluble
residuc filtered off, washed with 2 per cent.sodium carbonatc, and brought
into solution by fusion with potasstum pyrosulphate, as previously
desertbed  The solution 15 treated with sufhicient sulphurie acid to
e 9 e e of strong acid per 100 e.c. bulk. and (hlntui ln 250 c.c.  Sufli-
cient solution 1s prpetted mto the test-glass to gnve 15 to 5 mg. Ti0,,
5 c.c. phosphorie acid and 5 c.e. of 6 per eent. h\'dmu(‘n ])(‘1‘0.\1(1(‘ added,
and the test compared with a standard made up m a smular manner
(sec § VL, («)).

§ IX. Complete Analysis of Ores.—This mcludes determmation of
impurtties such as alumimium, phosphorus, vanadium, mangancse, hme,
and magnesia

() Rutile.

05 tol grm uu\h(«l to — l(m mesh I‘ use wnh 3 h erm D «l”;\()q s l(uu h vuth warm
5 pm (uut II.N) Fiulter

l mmt»v (lll(l \Mwh mn pldlmuln tn-ai o add l< ach Imm 0 Add 5 ogrm
with HI? b H,S0,, wgnite, weigh NH,CL and excess of NH,OH o the
s e — o cold Yepeat pption, adding hlter pulp

L =0, | R4 fuse vuth I\dH\() 10(1« h, | Combine hltrates
- — " add solution to I°t

ps wnm, hN wnth I\'.l ( Oy, l(uuh vnth H,0, filter, j I3 (It-tunun(* Mn, (‘a, Mg,,
wash \\'xth 2 per cont Na, (¢ () xnlutmn - - —— -

R agmite, fusc wath 1\4”54[, dn\\nl\n m |k mullf\ \\1th ll,.\() add H 0,
warm 5 per cent HLSO pass HLS) Gltern | free from Al and P,0,, (h-unmno \-”
1ejeet ppte Saturate  filtrate with ll.S I colotimetrcally Boil, 1educe wath
neutralise with Na,('Oy avording ppte, add 20 I SO, eapel eacess by bothng  Cool,
grm CHLCO0,Na and 1 of the bulk of 50 per ] add NH ANO, HINO and molybdate
cent (‘H (() H  Bol one minute, ilter, wash | minture  Let stand, filter

wntll S5 pm cont CH 0, Il then with hot H ,0

P n_,nm‘. \H'luh Tl()z, J“" boil oft ll,> OXI- } P determme P05 | 17 pptv with
it not quite white (¥c), | dise with Br, add |-— ——  —— 20 I NH,OH, filter,
tepeat fusion wath | pulp, ppte  with | reject filtrate l)hml\'(' ppte
NaHS0, and pptmn NH,OH, 1cject fil- | HINO,, neutrahse with NH,OH, add
e — — trate  Dissolve ppte | L grmy. of (NH,),('04, let stand, warm,
n HN(),, ]mux mto excess of NaOH, bml filter | for some time  Filter

P Fe(OH), A(I(l l'(- [ Fo o acdify \ch P8, add ppto fmm [ I8 1eject
from l"" if necessary, | HNOy,  ppte  with | I, agnite,  woigh l———
titrate Fe NH,OH, add to P | Al,0,

1 Hlllobrand loc. cl, ( 92)
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(b) Ilmenue.—~Fust Portwon. -

[grm crushed to - L00 mesh Fuse with 6 grm NaliSO),, leach with warm 5 per cent |
H,80, Filter

RY 810, et See R, L2, R2 preceding table | i <uhl Teach 1mm ](‘ ]’ds\ H S,
- T e e filter, reject ppte To hltrate add
3 gum of tartanc acad, a shght excess of NH, ()H saturate with H,8  Filter, wash
wmh colourless NH,SH

I" dissolve 1 HCL boil, oxidise Fe, | B evaporate with INO, H,S0, to strong
ppte as basie acetate  Filter fumes until colourless  Botl with excess of
———— - e—— - - == Na,('Oy filter, dissolve, tepeat  pption,
Pt tatrate Fe IJ‘ ppte Mn mth Br | wash with 2 per cent Na,('O,, combine
—————— e — letmtcs

Fo . see (), FYet seq | P® 1gmte, fuw wmh NallSOy, leach, ppte wnh NH,(1 + NH, ()H !
| i the cold, 1epeat pptmn (mnlnn( filtrates !
PIv L determime (a, Mg \ J’G 'l‘n() - ALOy (pm(lv) .\o]m‘m\ accordmg to § ITI, ((I)
—_— - ' Ppte nlbrate trom TiO, with NH,OH, dissolve ppte in HNO,

1 add to AI Oy funu fes

Second Portion —I'cirous oxtde. Fusc 05 grm with 3 grm ‘\dll\()
and 5 c.c. 1,80, m a comeal flask, cool, add botled water and 11,80 ;
when dissolved, titrate with KMnO,.  All operations to be carnied out
in CO, atmosphere.

Thud P
determine SO, 1 filtrate.

(¢) Other Munerals (Tianosilicates, ete ) —The muneral 1s fused with
ten times its weight of Na,(O, and the melt leached with water  The
solution contains most of the sihica, alummium, and vanadium  The
residue, consisting of sodium titanate and the cartbonates or oxides ol
the common metals, 15 fused with bisulphate  Both solutions are
examied according to (a) or (b).

(d) Tuanocolumbates. -Sce Tantalum, § VII

Fuse with Na,(O,-+ KNO,, leach, filter.

ZIRCONIUM.

§ I. Minerals.—(«) Oawdes. (1) Baddeleyite, zivcomum dioxide, Zr0O,.
occurs as monochme tables often twimned.  Thev have a greasy to
vitreous lustre and a nearly perfeet cleavage. The colour varies,
according to the pereentage of ron, from wlite through yellow, brown
and red, toblack. 16 65 sp. gr. 5 7.

(2) DBraulie is compact, hard, amorphous baddeleyite contaming
zircon, another unnamed zircontum sitheate, sthica, mron oxide. and
titanmium oxide 1 variable proportions  The colour varies from red-
brown to brownish-white. It is also sometimes black or grey. The
most abundant source of zirconum.

(8) Zwrhelite is a complex muxture of wron oxide, lime, zirconia,
titania, and thora. It 1s found as brittle, resinous, black octahedra
having a conchoidal fracture. H 55; sp. gr

(4) Uhligite, complex mincral found in bright black octahedra. It
is a mixture of lime, alumina, titama, and zirconia.
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(b) Silicates.- (1) Zircon. mrconum orthosiheate, ZrSiO,, is found
as brittle tetragonal prisms 1somorphous with ratie, thorte, and cassi-
terite Colour varable: 1t has been found  colourless, red, brown,
green, yellow, and black.  Lustre adamantine, double refraction strong.
No cleavage H75: sp gr. +7.

(2) Nacgite, a radioactive variety of the above, contams yttrium,
thoriunm. and tantalum

(3) Lavente, complex stheate of mron. manganese, and zircontum
contaming tantalum  Yellow to brown monochnie tables, with vitreous
lustie and perfeet eleavage 65 sp ar. 35

(+) Havnte, complex sitheate of ealerum, sodium,  titanam,  and
zrcontum  contamine  tantalum  Pale vellow  triclhmie  needles  or
plates with vitreous lustre.

(5) Eudialyte, sithceate of  zircommum, sodmm, caleium, and 1ron
contaming chlorne.  Red to brown translucent rhombohedral tables.
Lustre resinous 555 sp gr. 290,

(6) Rosenbuschite, stheate and fluoride of zircontum, titantum, sodium,
and e, Orange, vitreous, monoclhmie erystals. 555 sp aor 33

§ II. Properties and Compounds. - («) The metal s produced by
1eduction of potassium (luozarconate with sodim m the presence of
sodium chlonide.  The fuscd mctal has a white colour, 1s very hard
(7 to 8 on Mohs’ scalc) and brittle It melts at about 15007, and 1s very
resistant to acids, bemge attacked only by aqua regue and hydrofluorie
acid It readilyv combmes on hcatimg with oxvgon (to ZrQ,), nitrogen
(to Zr,N,). and hvdrogen (to Zrll,)

(b) The diowede, 720, 15 a dense white powdar, vary resistant to
acids and alkahes  Ttis used as arefractory on account of 1ts mertness
and high melting-pomt (about 27007) It volatilises at 3000°.  Formed
by 1gmition of the mtrate, oxalate, or hydroxide

(¢) Zuconwum hydrovude s preeipitated by ammoma or caustie alkah
from zircontum solutions. It 1s white, gelatinous, msoluble 1 excess,
and contams an mdelinite amount of water  When precipitated i the
cold, 1t 15 soluble m dilute acads @ 1f thrown down fiom hot solutions,
or after washing with hot water, 1t 15 soluble only m strong acids.

(d) The oaychloride, 7ZrOCL.SILO. 15 formed on  dissolving  the
hydroxide i hydrochlorie acid. Tt 1s readily soluble i water, but
only shghtly <o 1 hvdrochlorie aad, from a solution of which 1t
crystallises in tetragonal prisms.

(¢) The fluordde, ZrF, 3110, 15 soluble m water contaming  free
hydrofluorie acd (differenee from thormam).  The addition of potassium
fluoride canses deposition of erystals of potassium fluozirconate, KyZrk,,
which 15 soluble n seventy parts of cold and four parts of boiling water.

(f) Zuoconyl owalate 1 a whitc powder formed on nuxing the
requisite quantities of solutions of a zirconum salt and a soluble
oxalate It 15 soluble 1 ammontum oxalate or oxalie acid.

(8) Zirconwum sulphate, 7Zr(S0,), +11,0, 15 obtamed by dissolving
the hydroxide in sulphuric acid. Potasstum sulphate gradually pre-
cipitates potassium ziconyl sulphate from the cold solution.
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(k) Sodiwm orthozirconate, Na,ZrO,, s formed when the oxade s
fused with exeess of sodium carbonate.  Decomposed by water with
formation of the hydroside

§ III. Quantitative Separation. Zirconmum 15 a metal of the third
analytical group, bemg precipitated by ammonia m the presence of
ammonium chloride. It 15 separatcd from the other members of this
group 1n the followmg manner.

(«) Separation from  Lron,  Niwckel.  Cobalt, Manganese, Zine,
Uranwuom .t~ The solution of the metals i hvdrochlorie or sulphurie
acid 15 treated with hvdrogen sulphide until all the ron s reduced
to the ferrous condition  Three times the waght of oxides present in
tartaric acid s added and the solution made famtly  ammoniacal
Hydrogen sulphide s agam passcd through the warm (607) solution
until all the above mctals arve precipitated as sulphides and the preeipitate
has coagulated  After setthng, the solution 1s filtered, and the preeipr-
tate well washed with hot watcr contamnme a Iittle colourless ammonium
sulphide.  The filtrate s botled with exeess of dilute sulphune acid to
expel hydrogen sulphide, 20 ¢ e of strong mitrie and 10 ¢ ¢ of strong
sulphurie acid added, and the solution carefully evaporated to strong
fumes to destroy tartanie acid  The solution now contams zirconnim
sulphate, and titanmam, thormum, alimmium borvihum and rare earths
if present

(b) Separation from Rare Liarths (also from Manganese Berylloan,
and Small Amounts of Tron).®  The solution s neutrahiscd with sodimam
-arbonate so that no pcrmanant preeipitate s formed. treated with
10 grm. of sodium thiosulphate dissolved m a small quantity of water,
diluted to 300 ¢ c.. and boiled for one to two hours, addime hot water to
replace that lost by cvaporation” The prceipitate s allowed to scttle,
filtered through a loose papcer, 1wmtcd and fused with hisulphate  The
melt 15 extracted with dilute sulphuie acid, the solution mav now
contam zircontum, thormum. Utanmum. and alunuimmum

(¢) Separateon from  Ahonocn > (1) The solution (preferably
hydrochlorie acid) 1s diluted <o that it contams not more than 01 grm.
7Zr0,+T10,+ThO, per 100 ¢ c.. and treated with a dilute solution of
sodium carbonate until a famt opaleseence ramains on stirring , - this
15 then removed by the cautious addition of dilute hydrochlorie acid.
A saturated solution of sodium 1odate * s now added m shght excess,
the solution heated to boiling, boiled fifteen mimutes, and allowed to
stand overmght, after whieh the preeipitate is filtcred off and washed

' Cathrem, Z Kiyst, 1882, 6. 244, 1883, 7, 250, Lindet, Chem News, 1897, 76,
212, Wdowiszewskl, Stakl w  Eisen, 1907, 27, 781, Thointon, .lmer Jowrn Sce, 1912,
34, 214

¢ Dattnich and Freand, Z anorg Chem , 1907, 56, 337

3 Separation by cupterton  Feniany, Jdnnale Chame Appl, 1914, 2, 276, Thornton
and Hayden, Amer Journ Sa, 1914, 38, 137

4 Dawvis, Jowrn .tmer Chem  Soc . 1889, 11, 26, see also Meyer and Speter, Chem.
Zeu , 1910, 34, 306, and Meyer, Z anorg Chem , 1911, 71, 63, who prcapitate with a
large excess of 1odate m a mitnie acid solution, as for thorum (g v), this also separates
phosphotie acid and rare carths from zitcomum, but precipitates thorum, titanium, and
ferric salts
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4

with boiling water. It 15 then dissolved in hvdrochlorie and :qulphurous
acids to reduce the 1odate, the cold solution treated with a slight cxceess
of ammonia, the precipitate filtered and washed with (hlut.e ammonium
nitrate till free from iodide. It 15 dissolved in mtrie acid : titanium
and thorium, 1f present, are removed according to (d) and ().

(2) Zircontum 1s precipitated as phosphate (Trtanum, § 111, (b) (2)).‘

(8) The muxed oxides are fused with thuoty times ther weight of
sodium carbonate. the aqueous extract of the melt digested with a
Iittle caustic soda. and filtercd  The alumuna 15 the filtrate, and
the zircontum m the residue, which 15 fused with bisulphate.t  Alter-
natively, the miaxed oxides may be fused with sodium hydroxide.

(d) Separation from Titanium — Sce Trtanum, § 111, (b).

(€) Separation from Thoraum —The precipitated  hydroxides are
dissolved m hydrochlorie acid 3 the solution 1s nearly neutralised with
dilute ammonua, heated to boiling, and ammonium oxalate added until
the precipitate first formed 1s re-dissoh «d completely  An equal volume
of boiling water 15 added. followed by concentrated hydrochlorie acid
drop by drop until no further precipitate forms  After standing over-
nmght the preeipitate s filtered off and washed with warm water.  The
filtrate contains the zirconmm , 1t must be cvaporated to strong fumes
with sulphurie and nitrie acids to destroy oxalates

(f) Sepwration from Berylluum — Sce Berylham, § II1, ().

§ IV. Gravimetric Determination,—Zirconum 15 usually weighed as
dioxide, obtamed by 1gmting the preeipitate produced by ammonia or
sodium thiosulphate  The preaipitation by ammona 1s carried out in
the same manner as m the case of alumimum, and the preeipitate must
similarly be washed with 2 per eent ammonium nitrate to avoid loss
of colloidal hydroxide  If sodium thiosulphate 15 used, the preeipita-
tion 15 carried out as shown n § ITI, (b). The precipitate mn this casc
filters more readily than that produced by ammonma owing to the
presence of sulphur, but 15 hable to occlude salts; 1t is washed with
boillmg water alone. The precipitate produced by erther method 1s
1gnited to constant weight and weighed as Zr0O,.

§ V. Detection in Ores.-~Thc ore s fused with acid potassium fluonde,
the melt boiled with dilute hydrofluorie acid, the solution filtered, and
evaporated to strong fumes with sulphurie acid  The acidity of the
solution thus obtammed 15 adjusted to 1 per cent., the zirconium
preeipitated as phosphate, and this precipitate converted mto sulphate
as deseribed 1 § VI, (0).  The solution 1s now tested as follows :—

(1) A prcee of turmerie paper dipped m the solution acidified with
hydrochloric acid, and dried, turns red-brown. Titamum gives a
simular rcaction.

(2) Oxahe acid gives a preeipitate soluble in exceess (distinetion from
thorium).  Ammontum oxalate produces the same reaction.

(8) Hydrogen pcroxide gives a white gclatmous precipitate of
hydrated peroxide i neutral (sulphate) solutions (distinction from
titanium).

1 Kerguson, Eng. and Mwn. Journ , 1918, 106, 356, 793.
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(4) Sedium iodate gives a white flocculent precipitate of basic 10date
in neutral solution (distinetion from aluminium).

(5) Caustic alkalies give a white precipitate insoluble in eacess
(distinction from alumimum and beryllum).

(6) Ammonium carbonate gives a white precipitate soluble in large
excess (distinetion from titanium).

(7) Hydrofluoric acid @ives no preeipitate (distinetion from thorium).

(8) Zirconium dioxide, moistened with cobalt solution and heated
on charcoal, gives a dirty violet mass.

§ VI. Determination in Ores.'-—(«) Determination in Zucon, Badde-
leyite, Brazibite, and Oaide and Siuieate Manerals high win Zucona —-
0-5 grm. of the shmed mmeral 1s fused with 5 grm. of sodium carbonate
in a platinum crucible over a blast for an hour  The cold melt 1s boiled
out with water, and the insoluble residuce contaiming the zircontum
filtered. washed with 2 per cent sodium earbonate, 1gnmted and fused
with 5 grm. sodium bisulphate at a low red heat i a sihea or platinum
crucible.  The cold melt 15 dissolved i warm dilute sulphurie acid, the
msoluble fumed with hydiofluorie and <ulphurie acids. any residue
agam fuscd. and the colutions umted  The solution s preaipitated with
thiosulphate as 1 § IT1, (b), the preaipitate calemed. fused with sodium
bisulphate, dissolved 1 dilute sulphunie acid, the solution neutrahsed,
and the thotium precapitated as i § I (¢).  The filtrate 15 evaporated
with nitrie and sulphurie acids to fumes to decompose oxalates, the acad
solution 15 diluted with water, preeipitated i the cold with ammoma,
the washed preepitate dissolved m mtrie acad, and  the neutrahised
solution preciptatcd with ammonium salievlate (see Titanmum, § 111,
(b) (1))  The preeipitate 15 1gmted, and fused with bisulphate ; the
solution of the mdlt is preeipitated with ammonia or thiosulphate, the
precipitate woll washed. ienited wet m platimum, and waighed as Zr0,.
If no thortum 1s present and but httle titamum (e g brazhte) the
oxalate separation mav be dispensed with s the titanium and zircontum
arc precipitated together as basie odates, converted mto hydroxades,
wiwnited and weiched as ZrO, 1O, (§ L () The oxides are fused
with bisulphate, the titama determined  colormmetrically (Titanium,
§ VI ). and dedueted from the weight of nuxed oxides

(b) Determenation 1w Rochs.*—7Two grm of the rock powder are fused
with 10 grm of sodinm carbonate i a platinum erunetble. The melt 1s
botled out with water, the msoluble residue filtered off, washed with
2 per eent. sodium carbonate solution, botled with a small exeess of
5 per cent sulphunie acid, and the hquid hltered through the original
filter  After well washimg with dilute acid the filter and contents are
ienited m platinum, the residuce treated with hy drofluorie and sulphurie
acids, and evaporated to sttone fumes  The mass s diluted with water
and the solution filtered into the ortgmal acid filtrate, the acidity of
which 15 adjusted so that there 1s not more than 1 per eent free acid in
the solution.  Ten c.ce. of 6 per cent. hydrogen peroxide and 1 c.c. of

L See also Wedehind and Lews, Jown Chon Soc , 1909, 95, 456
¢ Hillebiand, Bull 176, U S Geol Survey, 75.
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saturated sodian phosphate solution are added and the hquid allowed
to stand twentyv-four to fortv-cight hours, after which the precipitate
15 filtered off and washed with very dilute sulphurie acid (0-5 per cent.)
Even if small in amount the preceipitate s ignmted, fused with 2 to 3
grm of sodium carbonate, the melt extracted with boitling water, and
the restdual impure ziveonia filtered and washed with 2 per cent. sodium
arbonate It 1s then ignited, fused with 1 grm. of sodiim bisulphate,
the melt dissolved ma small quantity of dilute sulphurie acd, the
solution adjusted to 1 per eent fice acid, and the precipitation repeated.
Alter standmg two days the preeipitate s filtered off, washed with
05 per cent sulphurie aaid, then with water, 1gnited, and weighed as
zirconmum phosphate  This contains 51 8 per cent of ZrQO,.

§ VII. Complete Analysis of Ores. -(«) Zucon. Baddeleyte, or
Bralite

Heat 05 1 erm of shimed o1e 1 tared Pt cruaible, take loss on igmtion
Fuse testdue with 6 grm Na,CO; ovar a blast for one hour  Boil with water, filter,
wash with hot water

' ac Hlllr\ with H(:l; cvapo | R fuse with N(l][;\'“,. leach with 5 per cent HySO,,
rate to drvness, take up with | hlter
ditute HCLL filter

R S0, L2 agam evapo- | F'oadd Frand leach from R3, [ Rt add R? and R3

add to RV ll.m- takcupwith | pass H,S, hlter, rqject ppte, | Tanite and weigh - treat

! — HOCL filter nearly neatrabise Oltrate with | with ITF4H S0, @nite,
9 add o 10 RS SO Na,('0,, pass €O, and heat to | wageh

. RS0, e . e B,

| il to R «\[;( 11 llil:.ﬁ. mlm(\“ Il‘lhl N;l);ﬁzll;; R®  fuse with |l S10,

- and iter paip (8 21000 N80, Teach,

“Hter wash woll with hot water \
SO ‘ add to I

1 cvaporate waith HNO, 0 P amte gently, fcach with H,0, filter oft, 1gnite
dotermme Fo, M Ca, Mo strongly, weigh Z10, 110, AlL,0,  Fuse with Na ('O,
T T T Cand Icach as under § TTL () (3) Filter

R tuse with NalISOy, leach, determime T, colotimetnically | F7 - determine ALO,

in ahquot portton  Waicht of v ~(ALO, Ti0) =710, It |— o
more than 5 per cent 10, 18 present, treat leach as under Ti, § 111 (B) (1), ppte sah-
eviate iitrate with NHLOH, Qilter oft, igmte and weigh Ti0,

by Munerals contavnang Thorw, Rare Earths, ete.—Minerals in which
zirconta prcdommates are opened up by fusion with bisulphate, or, if
sthecous, by fusion with sodium carbonate, with subscquent fusion of
the msoluble residue with bisulphate (sce («)).  Thormum munerals
contammg small amounts of zirconia are opened up with hydrochlorie
acid (for stheates), sulphurie acid (for phosphates), or bisulphate (for
oxides). The analvsis of the solution thus obtamed 1s conducted as
desenibed under Thortum, § VII (See also Tantalum, § VIL)

THORIUM.

§ I. Minerals.—All thorium mmerals are radioactive.
(@) Owides.—(1) Thoriane 1s essentially thormm oxide (ThO,) con-
taming uramum oxide (10-30 per eent.) and rare carths (1-8 per cent.).
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Jet-black, lustrous, rhombohedral crystals of cubie habit.  Brittle.
H 7; sp. gr. 897 Evolves hehum on heating.

(2) Mackintoshite 15 a complex mixture contaiming about £3 per eent.
of thoria, together with oxides of urantm, zircontum, tantalum, iron,
magnesium, lead, and sodmm.  Black, opaque, tetragonal erystals
resembling thorite (g ¢ ) H 5% 5 spogr. 5 4.

(3) Cleveite, Broggerite, and Uraninte arc uranium mmerals con-
taming variable amounts of thoria (sce Uranium, § 1.).

(b) Sthcates.- (1) Thorite and Orangite are varicties of thormm
sthicate, ThS10,, differing o colour and speetfie gravity.  Orangite 1s
heavier (5 2-5 4) than thorite (F b=+ 8); the former possesses a fine
orangce colour, while the latter s dark brown to black.  Both erystallise
i the tetragonal system, and are 1somorphous with zircon, rutile, and
cassiterite.  H 41-5.  Uranmum oxide and rare carths often present.

(2) Calewthorite 1s a deep red, transhueent, amorphous variety of
thorite contaming lime I L5 sp.ogr 11

(3) Kucrasite 1s a black, opaque nuneral resulting from the alteration
of thorite. IT43-5, sp. gr. 4 . It 15 usually found amorphous, and
contams large amounts of rare carths.

(1) Freyalite 15 a brown. amorphous, resmous sihicate containing
thoria 28 per cent, cermum carths 30 per cent., and zirconia 6 per
cent 116Gy sp gt 1.

(3) Pubarate, Thorogumnate, and Yitroguammate arc vellow to hrown,
opaque silicates of thormum and uranium (see Uranum, § 1))

(¢) Phosphates.-—(1) Monazite (a phosphate of the cermum metals
and thormum).- Small, vellow, brittle, monoclimie erystals, with a resmous
lustie, usually translucent IL5; sp ar 5-52  Occurs generally as
water-worn, vellow, translueent” grams - alluvial deposits, together
with quartz, ilmemte, vatile, and garnet It 15 the most miportant
source of thormum — Magnetie, but less so than ilmenite.

(2) Xenotime (a phosphatc of vttrium metals with a small amount
of thorium). Sce Rare Karths, § 1L () (3)

(d) Titano- and tantalocolumbates  Sce Columbium, § 1

§ II. Properties and Compounds.- («) The metal v o dark grey
powder of sp. g1. 11 3, melting about 1700° It readily combimes with
oxygen, hydrogen. and mtrogen.  Soluble i aqua regea. v eryv diflicultly
in other acids.

(b) The oawde, ThO,, 15 prepared by agnition of the hydroxide,
oxalate, or mtrate as a dense white powder.  Insoluble m acids, except
boitling strong sulphuric acid ;5 soluble i fused bisulphate. Forms
tetragonal erystals when fused with borax, and octahedral erystals on
fusion with sodium phosphate.  The oxide formed by igniting the mitrate
contamning 1 per cent. of sulphate 15 a volummnous white powder, and.
as such, 15 used 1 the mantle industry

(¢) Thorwum hydroade, Th(O1I),. 15 a white, amorphous precipitate
thrown down by ammonia or caustic alkalies from solutions of thorium
salts : 1t 15 msoluble m excess of the reagents.  Bartum carbonate in
cold, or sodum thiosulphate i boihing solutions, cause complete pre-
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capitation of the hydroxide. The last reaction enables thorium to be
separated from the rare ecarths.

(d) Thorium peroxide 1s precipitated by strong hydrogen peroxide
solutions from a neutral solution of thorium nitrate as thorium peroxy-
nitrate. Gelatmous, colourless precipitate decomposed by acids ; it
vields the dioxide on 1gmition.

(¢) Thorvum fluoride, ThF4+IL,0, 15 a white, gelatinous preeipitate,
msoluble in water or mineral acids, formed by adding hydrofluoric acid
to a solution of the chlorde

(/) Thorwum chlonde, ThCly, 15 soluble mn water, aleohol, and cther,
and crystallises as octahydrate from aqueous solutions.

(g) Thorium wwdate. Th(IO)),. 15 a white, amorphous precipitate,
msoluble m mitrie acid 1 presence of a large excess of alkali 1date.

(k) Thortum sulphate, Th(SO,),. 15 very mmportant commercially as
being the salt used to punfy thorium preparations by fractional erystal-
Iisation. It forms supersaturated solutions at 0°, which, on heating to
20°, depostit the octahydrate, and above 13° the tetrahydrate.

(1) Thortum nmitrate, 'Th(NO,), 1211,0, 15 very soluble 1mn water and
aleohol  Important i the mncandescent mantle mdustry.

(2) Thoruun pyroplosphate 15 a white, amorphous precipitate, -
soluble i water and dilute sulphurnie acid.  (Scee § 111, (¢).)

(k) Thorium oxalate, Th((',0,),.611,0, 15 a white erystallime precapi-
tate, formed when acid solutions of thormum salts are treated with
oxaliec acid  Insoluble 1in water, oxalie acid, or dilute acids, and un-
attacked by concentrated nmitrie acad ;5 soluble in alkalme oxalate solu-
tions, re-preeipitated on addition of muneral acids. On 1gnition 1t is
converted mto the dioxide.

() Thorvwm carbonate 1» a white amorphous precpitate produced
by alkalme carbonates. Tt 15 <oluble m exeess, the solution 1s pre-
cipitated when hcated, but elcars again on cooling.

§ III. Quantitative Separation.-—Precipitation with oxalic acid from
a shightly acid solution separates thorium from the common metals,
bases, and from titama and zircoma (Titamum, § II1., and Zirconium,
§ TTL.), but not from the rare carths,  The latter are sceparated from
thortum by one of the following methods :—

(a) The Hydrogen Peroxide Method '—The neutral <olution of the
nitrates is diluted to 100 ¢ e., 10 grm. of ammonium mtrate arc added,
the solution heated to 60°-80", and the thormum precipitated by adding
20 c.c. of 3 per cent. hydrogen peroxide.  The gelatinous precipitate 1s
filtered off, washed with 2 per cont. ammonium nitrate, re-dissolved n
dilute mitrie acid, the solution evaporated to dryness, the residue
moistened with water, again dried, dissolved in 100 e.c. of 10 per cent.
ammonium nitrate, and the thormam re-preeripitated by the addition of
hydrogen peroxide.  The precipitate 15 washed with 2 per cent.
ammonium nitrate, dried, and ignited to ThO,.

(b) The Iodate Method.>—The solution is diluted to 100 c.c., treated

L Benz, Z angew Chem , 1902, 15, 297
2 Meyer and Speter, Chem Zeat , 1910, 34, 306
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with 50 c.c. of concentrated nitric acid, and cooled. A solution of 15
grm. of potassium 1odate in 30 c.c. water and 50 c.c. of nitric acid is
added, the mixture cooled again, and allowed to stand for half an hour
with frequent stirring.  The white, floceulent precipitate of thorrum
iodate is left to settle, filtered off, and washed with 200 c.c. of a solution
containing 8 grm. of potassium iodate and 200 e.c. nitrie acid (1-2 sp. gr.)
per itre.  The precipitate 15 washed back into the beaker with 100 c.c.
of the washmg liquud and agam filtered 5 11 18 now rinsed back mto the
beaker with hot water, and dissolved by adding 30 ¢ ¢. coneentrated mitrie
acid. The thorium 1s re-preapitated by adding to the cooled solution
4 grm. of potassium 1odate dissolved mn a hittle concentrated mitrie acid
and water, the preeipitate filtered, and washed as before. The above
procedure separates thormum  oxide from  phosphorie acid and the
common metals as well as from the alkaline carthse  Titanium and
zirconium, however, are also preaipitated under the above conditions
To remove these the precipitate 15 dissolved m hydrochlorie acid and a
hittle sulphur dioxide, the thormum, zircomum, and titantum precipitated
with ammonia, washed frec of 1odides, re-dissolvad m hydrochlorie acid,
and the thortum alone preeipitated by the addition of a saturated
solution of oxalie acid m large exeess (§ 1V.); the oxalate s 1gnited
and the thoria weighed.

(e) The Pyrophosphate Method.'--The solution, the acidity of which
m hydrochlorie acid 1s adjusted to 0 3 N, 15 heated to boiling, and sodium
pyrophosphate slowly added until no fuither prceipitate 1s formed
The boiling 15 contimucd for fiv e munutes, the sclution allowed to stand
ten minutes, then hltered, and washed with 03 N hvdrochlorie acid.
The preeipitate and filter are heated with 10 ¢ e. of strong sulphurie
acid and a hittle ammonmium perehlorate to oxidise organie matter, the
mass allowed to cool, diluted slowly with water, and poured into exeess of
hot sodium hydroxide solution  The preeipitate of thormam hydroxide s
boiled with hydrochlorie acid, a httle sulphur dioxide water added, the
acidity adjusted to 0 3 N, and the thormum agamn precipitated with pyro-
phosphate.  The preeipitate 1s treated as before, and the final thonium
chloride solution precipitated with oxalic acid (§ IV ) to remove zirconium
and titanum.  This method also obviates the neeessity of preeipitating
all the rare carths with oxahie acid m the first place.

(d)y Separation by Sodiwm Thiosulphate.- 'The hydrochlorie solution
of the 1gnited oxalates 15 evaporated to dryness on the water-bath,
the residue morstened with 5 e.e of water, and again dried. It 1s then
taken up with 200 c.c. of water, 9 grm. of sodium thwsulphate crystals
dissolved 1n 30 c.ce. of water are added, and the whole allowed to stand
overnight. The solution is boiled ten munutes, and the precipitate of
thorium hydroxide and sulphur filtered off and well washed with water.
The filtrate 15 vigorously boiled for one hour, and any preaipitate that

1 Carncy and Campbell, Journ Amer Chem Soc, 1014, 36, 1134

2 Fresemus and Hintz, Z anal Chem , 1896, 85, 530, Drossbach, Z angew Chem ,
1901, 14, 656, Bonz, ibad , 1002, 15, 302, White, Thoruon and s Compounds (Institute
of Chemistry, 1912).
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forms filtered on a fresh small filter and set aside for further treatment.
The main precipitate 15 washed back with a nummum of water mto
the same beaker. boiled with 10 c.e of hydrochlorie acid, the hiquud
filttered mto a small evaporating basm, and the residual sulphur well
washed.  The filtrate s evaporated to dryness, the residue mostened
with water. dricd agam, dissolved m 150 ¢.¢ of water, and treatcd with
3 grm. of sodium thiosulphate m stiong solution.  After standing over-
night the solution 15 botled ten nunutes, filtered, and the washed pre-
caprtate extracted with hvdrochlorie acid. This solution is ¢vaporated,
cte . and agamn put through the entire process, finally giving a solution
of thortum chlonde, which s preeipitated with oxahie aad (§ IV ).

The fOltrates from the second and third thiosulphate preeipitations
arc treated with ammonta; if the preeipitate thus produced m the
thied filtrate 15 appreciable —showme that the thoria 15 contammated
with rare carths- a fourth preeipitation must bc made. The preeipr-
tate produced by the one hour’s boiling of the liltrate from the first
thiosulphate preapitation. the ammona preeipitates, and the sulphur
restdues arc wgnited together with the filters, the ignited produet con-
tauns traces of thora, which are rceovered as follows . fusion with
bisulphate, Icachimg with warm water. preeipitation with ammoma,
solution of the precipitate m hydrochlorie acd. evaporation, preeipi-
tation with thiosulphate. extraction of prcerpitate with hy droehlorie acid,
and prceipitation with oxahe acid  The small quantity of thora thus
found 1s added to that previously obtamed !

§ IV. Gravimetric Determination.—Thorium 15 alwavs determimed
gravimetrically 2 as the dioxide, obtamed by igmtion ol the oxalate.
The precipitation as oxalate 15 carried out as follows - The solu-
tion of thortum chloride obtamed by one of the above methods s
cevaporated to drynoss to remove excess acid, 10 e ¢ concentrated
hydrochlotie acid added  the solution <dautea to 150 c.c., heated to
40°-60°, and precipitated by the addition of 30 ¢ e. of a coid saturated
solution of oxaliec acid — The warm solution 1s allowed to stand half an
hour. then sturcd vigorously, and sct aside three to four hours, or,
better, overmight at a temperature of 60° The white ervstallime preer-
pitate 15 filtcred off. washed with warm water acidified with hvdro-
chlore acid, and wenited wet to ThQO,.

§ V. Detection in Ores. The nuncral 15 decomposed by fusion with
bisulphate, or bv boitling with sulphuric acid. the msoluble filtered off,
and the thortum and rare carths preapitated by oxalie acid - The oxa-
lates arc filtered off, 1gmited, and the residue fused with sodium bisul-
phate. The resulting solution s tested as follows :—

L Other reagents proposed for the preapitation of thotia  («) metanittobenzoic acid,
Newsh, Chene Nous, 1904,90, 196, 201, (b) potassium azide, Dennis and Kortught, Journ
Amer Chem Soc, 1896, 18, 94, (¢) scbacie aad, Snuth and James, ibd | 1912, 34, 281,
(d) sodium hypophosphate, Koss, Chem  Zet , 1912, 36, 686, Rosenheim, ibed |, 1912, 36,
821, Wirth, Z «angeu Chem |, 1912, 25, 1678

¢ Metzger and Zons, Jowrn Ind Eng Chem , 1912, 4, 493, give a volumetize method
based on the prcapitation of thotium by ammoniam molybdate, using diphenylcarbande
as external indicator  The method 1 appheable to the determination ot thoria i mona-
z1te sand
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(1) It is ncarly neutralised by sodium carbonatc icaving the solution
famtly acid; on adding hydrogen peroxide a gelatinous, enlourless
precipitate of peroxy-salt 1s obtamned.

(2) Sodium pyrophosphatce in acid solution gives a white, amorphous
precipitate.

(8) Potassium 1odate and mitric acid, both m large exeess, give a
white, amorphous precipitate.

The [ollowing method T serves to deteet traces of thortum m nuxtures
of rarc carths  Two solutions are requured — (A) Fiftcen grm potas-
stum todate, 50 c.e concentratcd nituie aerd, 100 ¢ ¢ watcr, (BB) +grm
potassium 1odate, 100 . nitrie acwd (sp. gr. 1.2) 100 ¢ e water Two
c.c. of the solution of the oxides from ignition of the oxalates (fice
from hydrochlorie acid) are nuxed with 5 ¢ e of solution .\ The
precipitate formed contains thorium godate, togcther with odates of
the other rare carths. The latter are dissolved by boithng with 10
c.c. of solution B. leaving the thormum msolublc. This deteets v 0002
grm of thoria m 2 ¢ ¢ of solution

§ VI. Determination in Ores. («) In Monazite and Ores Igh o
Rare Earths and low i Thorea —(1) 125 grm of the sand (unerushed)
are heated m a large poreelam basi with 50 ¢ e. of sulphurie acid,Z<tirnmg
occastonally until @ drop muxed with water on a watch-glass shows no
vellow undecomposed grams (about four to siv hours are required).
After cooling the thick mass 15 gradually added to cold water with eon-
stant stirrmng. takimg care that the temperature nover execeds 207
When all 15 m solution, leaving only black ilmentte and white quartz
or zircon, together with, perhaps, a small amount of gelatinous sthicie or
tantalic acids, the solution 1s diluted to 300 ¢ ¢ a graduated flask
200 c.c. (=5 grm ) are {iltered off through a fluted paper, transfared to
a beaker, and treated m the cold with 180 ¢ ¢. of a cold saturated solu-
tion of oxahe acid A volunmunous preeipitate of the oxalates of the
rarc carths and thormum s thrown down , after standimg one howm the
solution 1s vigorously stirred and set aside overmght  The erystalline
precipitate of hydrated oxalates 15 hiltered off, washed with didute
hydrochlorie acid until the washimgs ccase to show a phosphatc reaction,
dried, 1gnited, and the oxades thus formad dissolved o hvdrochlorie
acid.  The thortum s now separated from the 1are carths by the thio-
sulphate method (§ 111, (d)). the fmal solution of pure thorium chloride
precipitated by oxalic acid (§ 1V.). the preapitate ignited, and weighed
as ThO,.

(2) 05 grm. of the finely-divided sand 15 mtimately mixed with
0 5 grm. of sodium fluoride, and the nusture fused with 10 grm. of sodium
bisulphate 1 a platinum crucible.’ When tranquil fusion 15 attamed
the melt 1s allowed to cool, extracted with water and a httle hydrochlorie
acid, the hquid heated to botling, the residue (ehiefly sihea and tantalie
acid) allowed to settle, filtered, washad onee or twiee with hot water,
rinsed back mto the beaker, and digested a short tune with a hittle coneen-

1 Meyor, Z anorg Chem , 1911, 71, 05 ¢ White, op. cat (p 107)
3 Benz, loc cut. (p. 100)
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trated hydrochlorie acid 5 this 1s diluted and agan filtered. The washed
residuc 1s now [ree from thortum. The combined filtrates arc nearly
neutralised with ammonia, avording a permanent preeipitate, heated to
boilmg, and the rare carth oxalates precipitated as a coarse powder by
the addition of 4 grm. of solid ammonium oxalate while vigorously
stirring.  The beaker 15 set aside overmght 5 the precipitate is then
filtered, washed with hot water acidulated with mitrie acid, rinsed into
a poreclain dish with a nunmmum of water, and the paper repeatedly
washed with hot concentrated nitrie acid.  The contents of the dish are
evaporated to dryness on the water-bath, the residuc treated with 10
c.c. of mitrie (sp. gr. 1 4) and 20 c.c. of fuming mitric acid, and digested
on the water-bath (the basm being covered by a clock-glass) until all
action has ccased and no further brown fumes form.  The clock-glass
and sides of the basm are rinsed down with water and the iquid evapo-
rated to dryncess, the mass mowstened with water, and agamn dried on
the water-bath.  The residuc s taken up with watcr, and the thorium
scparated as peroxide accordmg to § I, (¢).  The second precipitate
of peroxymtrate 15 1ignited wet and weighed as ThO,,.

(3) The sand 1s treated as under (1), using, however, 25 c.c. of sul-
phuric acid. 100 of 500 ¢ ¢. (=2 3 grm ) arce hltered off, treated with 50
c.c. of mtric acid, and the thorium precipitated as 1odate according
to § 111, (b).

(4) The sand 1s opened up accordmg to (1), and 100 c.c. (=2 5 grm.)
treated with didute anmunonia, taking care to get no permanent pre-
apitate. - Aftar adding 3 ¢ e, of concentrated hydrochlorie acid, the
thortum 15 precipitated as pyrophosphate (§ 111, (¢)), finally as oxalate,
ignited to oxade. and weighed as such.

(b) In Thorute and other Siiecates rieh in Thoria and poor in Rare
Earths.—Onc grm. of the shmed sample is decomposed by digestion
with 10 to 15 c.c. of fummg hydrochlorie acid and final evaporation
to dryness to dehydrate siica The residue 15 taken up with 2 c.e. of
concentrated hydrochlorie aeid and a httle hot water, and the silica
filtered off 5 copper and Iead are separated by hydrogen sulphide in the
filtrate.  After filtermg and boiling off hydrogen sulphide the solution
15 diluted to 200 c.c., heated to boiling, and the thoria and rare carths
arce preeipitated as oxalates by the addition of 1 grin. ol oxalic acad
dissolved 1 a hittle water  The solution 15 sct aside overnight, and the
preaipitate filtered off and thoroughly washed with hot water. It 15
now transferred to an evaporating basin, treated with 60 c.c. of a cold
saturatcd solution ol ammonium oxalatc, and hcated on the water-bath
for three hours.  The hquid 1s diluted with 300 c.c. of water and allowed
to stand overmight, the msoluble rare carth oxalates filtered off and
thoroughly washed with water contamimg a trace of ammonium oxalate.
The residual oxalates are re-treated with 20 c.c. of the ammonium oxalate
solution as long as the filtrate gives a precipitate with 147 c.e. of hydro-
chloric acid m 200 ¢ ¢. bulk. The fust filtrate 15 treated with 5 c.c.
concentrated hydrochlorie acid, heated to boiimg, and allowed to stand
overmght. The precipitate is filtered off, ignited together with the
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precipitates obtained by the re-treatment of the msoluble oxalates, and
weighed as ThO, plus o small quantity of rare carths  To punfy the
thoria 1t is fused with brsulphate, the melt Ieached with dilute hydro-
chloric acid, the solution precipitated with ammonia, the preeipitate
dissolved in hydrochlorie acid, the lattor drven off, the mass taken up
with water, and the thormum precipitated by boiling ten mmutes with
4 grm. of thiosulphate.  The precpitate 15 well washed, extracted
with hot hydrochloric acid, the solution precipitated with oxalie acid
(§ IV.), and the oxalate ignited to and weighed as ThO,.

(¢) In Thorwnte and other Oarde Mainerals lagh i Thorwa —The
orc is opened up by fusion with bisulphate, and the thornun and rarve
earth oxalates thrown down bv oxalie acid from the solution obtained
by extracting the melt with dilute hydrochlonie acad  The preeipitate
1s 1gnited and fused with bisulphate, the melt lcached with water, the
thoria and rarc carths precipitated with ammonia, re-dissolved m
acid, and thortum scparated by any of the mcthods o § I As
an alternative the oxalate preeipitate as treatad as i (b)

§ VII. Complete Analysis of Ores.— («) Thorue and s Alteration
Products and Varieties.—

Digost 1 grm of shimed ore \uth 10 15 c e of fuunlw HECL evaporate to diyness, tnlm
up with dilute HCE and a few drops of H_,M) filter, wash

Rt igmite,  wagh , treat with | 17 ])d\\ H N, llltu

HF- i—Hah()‘. 1gmte and wergh - ———— — R —

i |08 l)ml n\nhw with H,0, ppte ll” (C'u, I’b

12 NOZ R- an with 4 @m [ hot solution with H,¢ () let. -—

- NalSO,. leach, boil 1n ; stand ovarmeht, filter

Pt dhh, ud(l I-2 ¢ HE, pilter, wash 1 - R -

o e e LI evaporate ; pe dissohve i fummg

T3 evaporate with l I\," 380 Fto drivness, | HNO | evaporate to dryness,

H,80,,  dilute,  add — - | digest with { treat with  HNO, | KTO,

NH,OH, filter, boil ppte with s'\hwln Ffuming HENO (5 HE (b))

d(‘ld tahe to div- - -

- —Inessdissolvemn | PTOTh Nee

Rt Ta,0,+Ch,05 | ¥ ppte  with Mu\mmlppu 0y Ill,(h) NH,OH, filter,

Tgwite and weygh | NH,OH, gnte, ywath NH,(1 | — —dissolve ppte
| W““'h Ti0, NH,OH, Al \ m e, fm \([hll.ltl(bll see

eSS R (O \\(\\h with | Rarc uth\ § T, («)

2 per cent NHNO, : - — e —

I'"  ppte with

F8: determune (Ya, Mg, Na | P®  1gmte, tuse with NalSNOg, le «uh add tartarnc acid,
—— - — NH,OH, and (\H )..\ It e

P®  dissolve in HNO,, boal with excess l‘ memau \\I(ll H ,NO, H\() lu (lv\Lm\ iy

of Na,CO,, filter tartiates, tahe up with water mm with |
- - — I NHLOD (cold)y and contmue as undar Zn-
P10 gitrate l‘c F10  gee Uranium, | comum, § VIL (a), P et seq (for Al T4, Zr)

§ 111, (e)

B

(b) Thorianite and Oaxwde Minerals are opened up by fusion with
bisulphate.  The melt is extracted with dilute hydiochlone acid 5 the
residuc contains silica, bartum sulphate, tantahie acad, cte., and 15
worked up as in (a), R! et seq. ; the filtrate 15 treated hike F1, obed.

(¢) Monazite Sand.—Sce Rare Earths, § VIL, («).
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GERMANIUM.

§ I. Minerals. («).lrgyrodite, sily er germanium sulphide. $A0,5.GeS,,
15 a steel-grey metalbe-looking mmeral occeurring m small, imdistinet,
monoclinie erystals or - compact masses. It gives a shmng grey-
black streak. 11255 sp. gr. 6.

(b) Canfieldite 1s a variety of the above, i which part of the ger-
manium 1s replaced by tine It s of a somewhat darker colour, and has
a brillhlant metalhelustie 11255 sp gr. 6 3.

(¢) In addition to the above, germanium occurs m small quantities
in some North American zine blendes.

§ II. Properties and Compounds. («) The metal 1s greyish-white,
brittle, and lustrous It melts at 958° and has a sp gr of 5 17, Tt 1s
soluble m aqua regia, but not i hydrochlorie acid. Nitrie acids converts
it mto the dioxide It mav be prepared by reduction ol the oxide with
hvdrogen or magnestum, or by the action of hydrogen or sodium on
potassium fluogermanate

(b) Germanous hydroarde. Ge(OH),, 15 formed on addition of alkah
to an acid solution of the cortespondimg chloride as a vellow preerpitate,
shehtly soluble m watcr to a vclow solution With excess of alkal 1t
gnves soluble germanitc On bemg heated me the hquor from which 1t
s preaipitated 1t turns red. and this compound 15 beheved to be the
germanium analogue of formiue acid, HHGeOQOII, as the same compound
15 formad on the addition of water to germanmm chloroform, HGeCl,.

(¢) Germeanrum diovide, GO, s a dense, white, difficultly fuable
powdcr It dissolves 250 parts of water at ordinary temperature
and m 93 parts at 1007, solublc both v acids and alkalies Tt s formed
on treating the metal or the sulphide with mitrie acid

(d) Germanows sulphide. GeS, 15 produced by passing  hydrogen
sulphide through a solution of the dichloride as a red-brown precapitate
soluble m alkalies and m concentrated hvdrochlorie acid. It 15 also
shghtly soluble 1 water

(e) Germane sulphde, GeS,. 1s thrown down as a white precipitate
on saturating a strongly acid solution of the dioxide i hydrochlorie acid
with hvdrogen sulphide Tt 1s soluble 222 parts of cold water, but
almost msoluble m concentrated hydrochlorie acid.  With alkahes 1t
gives thiogermanates, which are not decomposed by weak acids hike
acetie, but require a considerable excess of nuneral acid to completely
decompose them

(/) Germanwum  chlordes  Both tho di- and  tetra-chlorides  are
volatile iquids readily decomposed by water, with the separation of
the corresponding hydrosides  The tetrachlonde boils at 86°.

(2) Potasstum fluogermanate, K,GeF o separates from a solution of
the dioxidc m hydrofluorie acid on the addition of potassium fluoride as
a jelly (hke KySile), which slowly erystallises.t - One part s soluble in
174 parts of cold and 34 parts of boithng water.

§ III. Separation from other Elements.—(«) Germamum may readily

1 Kruss and Nelson, Ber , 1887, 20, 1696
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be separated from most of the metals by taking advantage of the solu-
bility of its sulphide 1n alkaline sulphides. The sulphide should be
preaipitated by saturating the solution of the dioaide i hydrochlore
acid (1 : 2 water) with hydrogen sulplnde. It 1s filtered off, washed with
hydrochloric acid of the same strength saturated with the gas, and dis-
solved in sodium sulphide. The solution is exactly ucutiahised with
dilute sulphuric acid and allowed to stand overnight.  The preceipitate
of arsenie, antimony, and tin sulphides 1s filtered off, an cqual bulk of
strong hydrochloric acid added to the filtrate, and the solution saturated
with hydrogen sulphide.  Purc white germanie sulphide is preaipitated.t

() The solution of the dioxide m strong hydrochlorie acid 15 treated
with 0 5 grm. of potassium permanganate and distilled down to half 1ts
bulk. Germanium distils over, while arseme and other metals remain
mn the residual solution.2 The distillate 15 saturated with hydiogen
sulphide and the white sulplude filtered off.

§ IV. Gravimetric Determination.—(a) The sulphide obtamed as
directed in § ITL 15 washed with hydrochloric acid followed by 90 per
cent. aleohol saturated with hydrogen sulphide, dried, detached from
the paper, the latter burnt at a low temperatuirg, and the mam part of
the preapitate added.  The whole 15 gently roasted, treated with nitrie
acid, dried, and strongly ignited.  The residue 15 weighed as GeO,

(b) The sulphide may be dissolved m freshly-preparcd ammonium
sulphide, the solution passed through the origimal tilter which 1s washed
with hot water, the solution and washigs being colleeted m a tared
basim, and evaporated on the water-bath to dryness  The diy 1esidue
15 treated with concentrated mtrie acid, the mixture evaporated care-
fully to dryness, the residue igmted, first gentlv, then more strongly,
and weighed as GeO,. p

§ V. Detection in Ores.—The ore 15 fused with a nuxture of sulphur
and sodium carbonate, the melt extracted with hot water, the solution
filtered, and the filtrate exactly ncutralised with dilute sulphurie acd.
After standing overmight the precipitate 1s filtered off and an cqual
bulk of strong hydrochlorie acid added to the filtrate, which 15 then
saturated with hydrogen sulphide. A white precipitate shows the
presenee of germanium. On heating this precipitate (after drymng) in a
slow current of hydrogen 2 a red-brown sublimate of germanous sulphide,
nuxed with a grey-black sublimate of the metal, 15 obtamed.

§ VI. Determination in Ores.——(a) Argyrodite (Canficldite). —1-2 grm.
15 fused with five times its own weight of a minture of cqual parts of
sulphur and sodium carbonate in a porcelam crucible. The cold melt
15 leached out with water, the solution filtered from the msoluble silver
sulphide, and neutralised exactly with dilute sulphurie acid. The nux-
ture 1s allowed to stand cold overmght, after which the preeipitate of
arscnie, antimony, or lin sulphide 15 filtered off and washed with warm

! Truchot, Les T'erres Rures, p 204

2 Browning and Scott, Amer Journ Sciv, 1917, 44, 313

3 Priot and Spencer, M Mag, 1808, 12, 5, sce also Haushofer, Suzber  Akad
Mlunchen, 1887, 133 8
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water. The solution 1s treated with an equal bulk of hydrochlorie aad
(1 16) and saturatcd with hydrogen sulphide.  After scttling, the preci-
pitate 1s treated as shown i § IV,

(b) Blende.~—~50 100 grm are covered with water, and strong mitrie
acid 15 added gradually m the cold. When the vigorous action has
ccased the mass 15 heated, evaporated to diyness moa poreclam dish,
and the residue gently heated over a free flame until red fumes are no
longer evolved.  The powdered residue 1s transferred to a retort fitted
with a Lichig condenser. 130 c.c. of strong hydrochlorie acid and 1 grm.
of permanganate are added through the safety funnel, and solution pro-
moted by shaking the retort. The solution 1s distilled to one-half 1ts
bulk, the distillate dilutcd with an equal volume of water, and saturated
with hydrogen sulphide.  The preeipitate s filtered off and treated as

under § IV.



CHAPTER VIL
THE FIFTH GROUP.
VANADIUM—COLUMBIUM—TANTALUM.

GUNERALITIES

Tuese three clements form well-defined pentoxides, which are used for
their gravimetrie estimation. Vanadium pentoxide 1s casily redueed
in solution, and four lower oxides corresponding to those of nitrogen
arc known; columbium pentoxide 1s less readily reduced, and the
lowcr oxides are ol indefinite compostition 3 tantalum pentoxide 15 not
reductble by wet methods.

Vanadie acid and its salts bear a great resemblance to the corvre-
sponding phosphorus and arsenie compounds, while the appearance and
behaviour of columbie and tantalie acids are suggestive of antimone
acid.

The clements are not preeipitated by hvdrogen sulphide i acid
solution, though vanadium has a distimet affimty for sulphur

VANADIUM.

§ I. Minerals.-—(«) Sulplides - (1) Patromite, vanadium  pentasul-
phide, V,S;, an amorphous black mumeral of sp. gr. 25, 115 Usually
the mass 15 permeated with grecnmsh-blue or black strie Often found
with asphalt, which then also contams yvanadim.

(2) Resopationie, also amorphous, consists of an mtimate mixture
of vanadium sulphide, sulphur. coal-like substances, and clay.  Lead-
grey lustre on fresh surlaces, rapidly tarnished on exposure. The ashes
of many coals (and asphalts) are vich i vanadium

(3) Bravoite, vanadiferous ron nickel sulplude, pale yellow octa-
hedra with a famnt pink tarmsh

(4) Sulvane, cuprous orthothiovanadate, 3Cu,5.V,S;, usually occurs
as compact  bronze-ycllow metallie-looking  masses giving a black
streak. 1L 85; sp. g1 4.

(b) Silicates.—(1) .lrdennate, 2 manganese epidote contaming vana-
dium sesquoxide.  Yellow-brown orthorhombie prisms terminated by
pyramids ; faces strongly striated. I 655 sp. ar 3 6.

(2) Roscoelite, vanadium nuca, 2IL,0(IK,Na),0.3(ALV),0,.6510,,
resembles muscovite 1n physical properties, but 1its colour is clove-brown
or olive-green.

115
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(¢) Anhydrous Vanadates—(1) Pucherite, bismuth orthovanadate,
BiVO,, a translueent red-brown mmeral with vitreous to adamantine
lustic and yellow streak.  Small orthorhombie tables. 1145 sp. gr. 6 2.

(2) Vanadinite, 3PH (VO,), Ph(Cl,, lead chlorovanadate, 1s the most
widelv-distributcd vanadium mmeral  Oceurs as yellow to red-brown,
subtranslucent, hexagonal prisms with a resimous lustre and conchordal
fracture  Streak white I35 sp ar 7 Isomorphous with mimctite
and apatite _

(d) Hydrous Vanadales (1)  Desclozite,  basie  lead-zine  ortho-
-anadatc, (PbZn), 011 VO,. oceurs as orthorhombie prisms or pyramuds,
varying [rom 1ced to dark hrown i colour , greasy lustre and conchoidal
fracturc.  Streak orange. 1135 sp.ar 6.

(2) Mottramte. basic copper-lcad vanadate, (Cu,Ph),01LVO,. dark
brown to black erystalline merustations with vellow streak.  Lustre
restous ; transhueent

(3) Folbortinte, basie coppar-caletum-bartum vanadate (Cu,Ca,Ba),
OII VO, 15 a green to grey mumeral. with a pearly lustre and grecnish-
vellow streak  Oceurs as tables with a perfeet eleavage. H 35
sp. gr. 3 5.

() Brackebuscinte, hydrous lcad-iron-manganese  orthovanadate,
(Pb,Fe, Mn),OH VO, 15 a black, translueent muneral with a yellow
streak

(5) Twrante, basie copper  vanadate, 5CuO V,0; 2H,0, orcen,
spongy. fibrous aggrcgates

(6) Fergante, hydrous urantum yvanadate , sulphur-yellow seales.

(7) Carnotete, hydrous potassium wanvl vanadate, vellow erystal-
lime powdcr or merustations on sandstonc and quartz and m the
creviees of rocks.

§ II. Properties and Compounds -—(«) The metal 15 prepared by the
rcduction of the pentoxide with a misture of rare carth metals (° Misch-
metall 5 see Rarc Baths, § 1. («)) It 15 brnght silver-white, of
sp ogr 55 and M P 17307, 15 strongly attacked by nitrie acid, and
readily combmes with nitrogen when heatcd. forming the monomtride,
VN.

(b) Veanadiun pentoarde  V,0., 15 a 1ced-brown  erystalline <ohid
melting at 6387, but not volalile m the full heat of the Bunsen flame.
It 15 shightly soluble v walter 3 1000 parts of cold watcr dissolve 1 part
of V,0,

(¢) Vanadium tetroade, V,0, —Salts of this oxide are formed when
the pentoxide 15 reduccd macad solution by mild reducing agents,
e.g sulphur dioxide, hydrogen sulphide, {errous sulphate, hydrobromie,
oxalie, tartanie acads, alcohol  Thewr solutions are bright blue, and
give a greyish-white volummous preeipitate of the hydrated oxide
V,0,(011), 511,0 on adding a sheht excess of caustie soda ; this preer-
pitate 15 soluble i excess of the alkali, giving a very dark coloured
solution of hypovanadatc, Na,V,0,.7H,0

(d) Vanadium trioarde, V,0, gives green solutions with acids. It
may be prepared as a black powder by 1gniting the pentoxide in hydrogen.
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The salts arc prepared by reduction of acid solutions of the pentoxide
by potassium 1odide or magnesium.

(e) Vanradwum dvoxide, V,0,, forms lavender-coloured solutions with
acids. Its salts arc produced on reduemg the pentoside with zine and
hydrochloric acid.

(f) Vanadwum monoarde, V,0, 15 formed by slow oxidation of the
metal 1n ar.

(g) Ammonrum metavanadate, NUVO,, 15 a colourless erystallime
solid sparmgly soluble m water, meoluble 1 <shghtly ammomacal
solutions of ammonium chlorde  Yields V,05 on 1gnition m air

(k) Mercurous vanadate 1s formed as a lloceulent white preeipitate
when an excess of neutral mercurous nitrate solution s added to a
neutral vanadate solution It yields V,05 on igmition i awr

(2) Lead Vanadate. - A ycllow basie salt 15 preeipitated by mixing
neutral solutions of lead acctate and sodium vanadate  Soluble
acids and concentrated caustie alkalies, msoluble m, and unattacked
by, alkaline carbonates.

(7)) Pyrovanadic acid. I,V ,0., 15 formed on boiling sodium vanadate
with strong mitrie acid as a datk red-brown {locculent preapitate
resembling forrre hydroxade.

(k) Ammonium tetravanadate, (N11,),V,0,; 411,0.  On adding acctie
acid 1o a boiling solution of ammonium metavanadate until the pre-
aipitate re-dissolves, and allowing to cool, crystals ol ammonium
tetravanadate are deposited. In colour they tesamble potassium
bichromate.

() Percanadic acid, HVO,, 15 formed when yvanadium pentoxade or
a vanadatce 15 dissoly ed i sulphurie acid contamimg hy drogen peroide ;
the solution assumes a deep red eolour

(m) Vanadium pentasulphide, V,5;0 15 not preeipitatcd from acid
solutions by hydrogen sulphide , on passing the gas mto ammomacal
solutions ot vanadates a decp brown, green, o puiple solution 15
obtamed contamimg thiovanadatcs  tho colour varies with the con-
centration of the ammonia. The solution on acidification with sul-
phurie acid gives a brown precapitate of vanadiam pentasulphide. The
precipitation 15 rarely quantitative

§ III. Quantitative Separation.— The gravimetrie separation of vana-
dium mvolves a prehmimary separation from other clements which, m
the case of complex muxturcs, 1s an operation of the gicatest difficulty.
On the other hand, yolumctiie mcthods vicl®& rcehable results, even
the presence of those elements which arc the most troublcsome to sepa-
rate, espeaallv if present together (e.g. phosphorie, tungstie, molyhdice,
sihicie, arsenie acids, ete ) hence preferanee s nearly always given to
the volumetiie determimation. In the cases deseribed below, the sepa-
ration admits of the subsequent gravimetrie estimation They will be
enumcrated under two hcads: the vanadium 15 present (¢) m acd
solution with salts of heavy metals or bases, or (0) mn alkaline solution
togcther with salts of other acids.

(a) Separation from Metals.—(1) From Metals of the Ilydrogen Sul-
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phide Group.—The solution, free from nitrates, 1s precipitated with
hydrogen sulphide (under pressure if molybdenuin 1s present).  Vana-
dium passes mto the filtrate (sce § 1V, ()

(2) From Dron, Tuanium, Zircontum, Manganese. —The  solution,
oxidised with mitrie acid 1f necessary, 15 neutralised with 10 per cent.
sodium hydroxide, poured mto 50 e.c. of the same reagent, boiled for a
few nunutes, and filtered.  The vanadram m the filtrate 15 precipitated
as lead vanadate (§ 1V, (d)).

(8) From Uranum, Alunanoun, Chromoaon, Nickel, Cobalt, Man-
ganese, Zane.-The solution contaming 10 ¢ ¢ of nitrie acid m 300 c.c.
1s treated with a shight excess of 25 per cent. lead acetate, followed by
50 ¢ ¢ of 25 per cent ammonum acctate solution. The preeiptate 1s
allowed to settle two hours on a stcam-bath, filtered off, washed twice
with hot watcr, and dissolved m 5 e.e of mitrie acid ;  the solution 1s
diluted to 100 e.c. and re-precipitated by the addition of 2-3 c.c. of lead
acctate and 25 of ammonium acctate solution.  The dead vanadate 1s
washed thoroughly with hot water and treatcd as under § 1V, (d)

(+) From Alhaline Eaths. —(a) The material s fused with sodium
carbonate and mtrate.  On lcaching with wata the alkaline earths
remain undissoh ed, while the vanadinm s obtamad i solution (§ IV, («)).
(b) In presence of much on, the ammonia or basie acctate separation
yiclds a preaipitate contamung all the vanadmm (sce (2)).

(b) Separation from Acids— (1) Irom Tungstate* -The two acids
arc precipitated as mereurous salts 5 the washed precerpitate 1s digested
with strong hydrochlorie acid until decomposttion s complete, the solu-
tion containing vanadyl chloride diluted with 100 c.c. of hot water, and
filtered from the tungstie acid and mercurous chloride  The filtrate 1s
evaporated to diyness, the residue agam evaporated with nitrie acad,
taken up with water, and treated as shown i § IV, ().

(2) From Molybdate.®  The muxed lead vanadate and molybdate 1s
digested hot with a concentrated solution of potassium  carbonate.
Lead vanadate remams unattacked, mined with carbonate ; 1t 1s filtered
off and washcd with dilute potassium earbonate solution, dissolved
nitre acid, and re-precipitated by adding ammonium acctate ((a) (3)).

(8) From Chromate.’—"The alkalime solution 15 evaporated to 100
¢ ¢., neutralised with acctic acid, and 15 c.c. exeess of the glacial acd
added, together with a few e e. of hydrogen peroside. The solution 1s
boiled until efferveseence ccases, the chromatc bhemg reduced.  The
vanadium 15 then preeipated as m § IV, (d).

(4) From cArsenate, and from Tungstate and Molybdate. - -'T'he solu-
tion 1s cevaporated with sulphurie acid to strong fumes to expel nitrie
acid, cooled, taken up with water, and treated with hydrogen sulphide
under pressure. The precipitate consists of arsenie and molybdenum
sulphides and tungstic acad.  The filtrate 15 boiled to expel hydrogen
sulphide, oxidised with nitric acid, treated with a large excess of

! Friedheim, Ber, 1890, 23, 353.
2 Menniche, Die Analyse des Vanadins, Molybdans, und Wolframs
3 Palmer, dAmer. Journ Sci., 1910, 30, 141,
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ammonium acctate, and the vanadium preepitated with lead acctate
(§ 1V, ().

(5) From Phosphate —If the quantity of vanadate predominates
over the phosphate, the acids are preeipitated as mereurous salts and
the 1gnited preaipitate weighed as V,0;5 | P,045 tlhus preaipitate only
sinters on ignition. It s fused with sodium carbonate, and the phos-
phorie acid determimed as o § IX, (@), vanadium being taken by
difference. If phosphorie acid preponderates, 1t as far preferable to
determine the vanadium volumetrieally (§ V. (a) (1)).

(6) From Sieate. —In this case also a volumetrie method should be
resorted to (§ VIIL, (¢)).

§ IV. Gravimetric Determination.--Although vanadium is usually
determmed volumetrically, the gravimetrie methods given bdlow are
somcetimes used.  They can only be apphed to alkalt vanadate solutions
free from any mterfering elements. Nitrates of the alkalies are harm-
less s earbonates must be converted mto nitrates.

(a) By Precipatation waith Mercurous Neitrate -The solution, acidified
with a small excess of nitrie acid, 15 trcated with mercurous nitrate
shght excess. then with dilute ammontum carbonate drop by drop until
the hquor 1s just neatral, when at 1s heated to borhing and stiered until
the preeipitate coagulates and settles elear; the latter 1s then filtered
off, washcd with warm water, dried, 1gnited gently until the filtcr paper
15 completely burnt away, then more strongly until the pentoxade just
fuses.  The cooled mass 15 weighed as V,0;

(b) By DPrecepitation as  Ammonium Metavanadate.t — The alkaline
vanadate solution 15 evaporated to 50 ¢ e. and treated with suflicient
ammonium chlotide to decompose the alkaline salts present and to give
a saturated solution.  This 1s heated to boitling on the water-bath and
cvaporated to 25 ¢ ¢, addmg, now and agamn, a httle ammonma  After
cooling overnight the preapitate is hiltered on a Gooeh erueible and
washed with saturated ammonium  chloride solution. If too much
ammonium chloride erystalhses out, 1t 15 partially re-dissolved by the
addition of dilute ammoma. The contents of the crueible are dried,
heated gently to drive off ammonium salts, and {inally 1gnited at a
dull red heat till the V,05 just melts.

(¢) By Precipitation as Silver Metavanadate.? ~The alkaline vanadate
solution 15 acidified with nitrie acid, botled to expel earbon dioxade,
madc alkaline with ammonia, and agam boiled till all the latter 15 ex-
pelled and the solution just becomes famntly yvellow  After diluting to
200 c.c. the vanadium 1s preeipitated by the addition of a shght excess
of silver nmitrate added slowly whilst stirring. When the precipitate
has coagulated and scttled. the clear solution 15 decanted through a
filter, the preapitate washed free from silver nitrate by decantation
with hot water, finally transferred to the filter, dried, gently 1gmited
apart from the paper, and weighed as AgVO,.

1 Berzehus, Pogg Annalen, 22, 54, Gibbs, Proc Amer Acad, 10, 242, 249, Gooch

and Galbert, .tmer Journ S, 1902, 14, 205
? Browning and Palmer, dmer. Journ, Sci, 1910, 30, 220,
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(d) By Preawpitation as Lead Vanadate!—The alkaline vanadate
solution 15 ncarly neutralised with mtrie acid, a small excess of lead
acctate added, the solution heated to boiling, and stirred until the pre-
aipitate of lead vanadate coagulates and scttles well 1t s filtered off,
washed with very dilute acctic acid, rmsed back mto the orginal beaker,
and re-dissolved m nitrie acid. The filter paper 1s 1gnited and the ash
added to the mam solution, which 1s then evaporated with a shight exceess
of sulphuric acid to strong fumes  After coohng, the mass 15 diluted
with water, the solution heated to boilling, cooled, and the lead sulphate,
filtered off.  The filtrate 1s recerved m a tared poreclam basin, evapo-
rated to diyness on the water-bath, and heated gently to drve off all
the sulphurie acid, the V,0;1s finally fused, allowed to cool, and weighed.
The Iead may also be removed by hydrogen sulphide m cold dilute
hydrochlone acid, o1 by precipitating as chloride m the presence of
alcohol, takig the filtrate to dryness, evaporating the residue twiee
with stiong mitrie aad. fusimg, and waghimg as V,0;.

() Solutions frce from other fixed constituents are evaporated to
dryness with a httle nitne acrd m a tared poreclam basi, the residue
heated gently at fist 1f sulphurie acid or ammonium salts are present,
then to meapient fusion, and weighad as V,0,.

§ V. Volumetric Determination. -(«) Permanganale Methods.— (1)
Reduction to V,0, by Sulphur Dwaide - The alkaline vanadate solu-
tion, free from mtrate, chlondc, arsenate, and chromate. 15 acididicd with
sufficient dilute sulphuric acid 1o give a 3 par cent. solution and a current
of sulphut dioxide passed through the hot solution till 1t becomes a
pure bluc: V,054 80, V,0,4 80, The excess of reducmg agent 1s
borled oft while a cunrent of cartbon dioxide 1s passing, and the solution
fitratcd at 807 with potassium permanganatc (N/10 or Nj20: 1 c.c.
N/10 KMnO;—0 0091 grm  V,0;)  Thc colour changes from blue
through gicen 1o pale ycllow until finally the charactenstic pik tinge
of the permanganate appears.  Large quantities of sodium salts are
objectionable i henee, i present. a prelmmary separation of vanadium
as lead vanadate should be made (§ 1V, (d)), but the Iead sulphate need
not b filtcred off.

The permanganate 1s standardised  agamnst purc 1ron or ferrous
ammonium sulphate.  The won factor multiphied by 16296 gives the
value m V,0;.

(2) RBeduction to V,0, by Owalic Acid 2—"T'o the vanadium solution
are added 30 ¢ ¢ of strong sulphuriec and 0 2 gim of oxahie acid, and the
whole cvaporatad to fumes while passing earbon dioxide through the
flask : V,0,4+11,C,0,--V,0,- 11,042C0,  After cooling, the mass 1s
diluted 10 500 c.c., the solution heated to 807 and titrated with perman-
ganate. 1 c¢c. N/10 KMnO, =20 0091 grm. V,0,.

(3) Reduction™to V,0, by Zane—This process 1s best carried out
m the Jones’ reductor (see Introduction)  The reeciver contains u

! Roscoe, Aun Chem Pharm , Suppl . 1872, 8, 102

* Mennicke, op it (p 118)
3 Gooch and Gilbert, Amer Jowrn, Sev, 1903, 15, 389
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large cxcess of ferric alum solution and 4 c.c. of syrupy phosphoric acid
to decolorise the iron.  Through the reductor are passed 1n succession,
using gentle suction, 100 e.c. of hot water, 100 c.c. of 2} per cent.
sulphurie acid, then the solution contaimng the vanadium (25 e.c. m
2} per cent. sulphurie acid), and finally 100 c.c. of hot water. The
vanadium pentoxide 15 reduced to V,0,, which 1s oxidised by the ferrie
alum to V,0,, with the production of an cquvalent amount of ferrous
sulphate.  The solution 1s titrated, first cold, then heated to 80°, and
the titration finished, the wron being re-oxidised to Fey(5S0,),, and the
vanadium to V,0; Tungstate, molybdate, arsenate, chromate, and
iron interfere. 1 c.e. N/10 KMnQO,-=0 00303 grm. V,0;

(4) Semultaneous Determunation of Iron and Vanadium.! -The solu-
tion contaming both mectals as sulphates 15 first reduced with sulphur
dioxide as under (1), After expulsion of the exeess of reducing agent
the solution is titrated first cold. then at 80°, with N/10 permanganate,
aiving the sum Fe4-V,0,, according to the equations

5V,0, -+ K,Mn,0, | 311,50,-5V,0, +K,S0, | 2MuS0, +311,0
10FCO +K,Mn,0, | 811,50, -5Fc,0,+ K,S0, +2MnS0,+ 311,0.

The solution 1s now concentrated to about 50 c.c., and redueed i the
Jones’ reductor according to the procedure outhned m (3)  The 1ron
15 agamn reduced to the ferrous state, but the vanadium will consume
three times as much permanganate as before, thus :

5V,0,+ 8K,Mn,0,  91L,SO, = 5V,0,+3K,S0, | 6MnS0, {91,0.

The results are caleulated as follows @ -

Let n==numbecr of c.c. permanganate required m the 1st titration, and
N=— . . . . ' 2nd ., then
the volume of N/10 permanganate consumed by the vanadium tetroxide

N—mn .
will be 5 (1 ¢ c.—00091 grm. V,0;) and that equivalent to the non

3ﬁ2“_N (1 c.c.=-0 005584 grm. Fe).

(5) Simultaneous Determination of Molybdenum and Vanadium *—
The solution contammg only free sulphurie acid (more than 2 c.e. per
100 c.c.) and less than 02 grm. molybdenum per 50 c.e. 15 reduced with
sulphur dioxide, the excess of the latter boiled off, and the vanadium
deternuned as before, It 1s then passed through the Jones’ reductor,
when the vanadium s reduced to V,0, and the molybdenum to Mo,
The reduced solution 1s colleeted m ferrme alune and phosphorie acid as
before (3), and a current of carbon dioxide passed through the recenver
durmng the reduction.

If n=number of c.c. permanganate required 1 the 1st titration, and

N= ’ “ " » 2nd . then
# 15 the volume of N/10 permanganate consumed by vanadium

1 Rdgar, Amer Jowrn, Scv, 1908, 26, 79, 1909, 27, 174
2 [ind , 1908, 25, 332
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tetroxide, and N —3n the volume required for the oxidation of molyb-
denum sesquioxtde (Molybdenum, § 'V, (8)).

(b) Todometrie Processes. — (1) Liberation of Biomwme from Potassium
Bromude?  The solution of alkaline vanadate contaming not more
than 0 8 grm. V,0; 15 distillcd with 1.5 to 2 grm. of potassium bromide
and 30 c.c. of concentrated hvdrochlorie acid. whereby bromine 1s
Iiberated and vanadyvl chloride remaims i the solution, according to
the followmg cquation  V,0 1 2HBr-V,0, { 1,04 Br,.  The liber-
ated bromime 1s distillled over mto a 10 per cent. solution of potassium
1odide, and the resultimg odme titrated with N/10 sodium thiosulphate
(T ee--00091 grm V,0;)  This method. althoueh requirme a certan
amount of apparatus, 1s quicker than the permanganate methods, and
15 exceedmngly accurate

(2) Laberation of Todine by Distillation with Potassium  Todide.? —
The alkalime vanadate solution, free from mitrates, s boiled down to
25 c.e. and transferred to a small distillation flask fitted with a thistle
funnel and conneeted with an absorption apparatus contaming alkaline
potassitum 1odide.  The amr 15 driven from the whole apparatus by a
current of hvdrogen, a saturated solution of 2 grm. of potassium odide
15 pourced through the thistle funnel. followed by 12 ¢ ¢ of strong hydro-
chloric and 3 ¢ ¢ of syrupy phosphorie acid. The solution 1 the flask
15 now botled down to 10 12 ¢ ¢ while hydrogen 1s still passing. At
this stage the vanadium s completdy raduced to V,04, with the ibera-
tion of a corresponding amount of 1odme, thus :

V,0,+ HI=V,0,4- 21,0 +21,.
Further distillation lcads to the dangar of reduction gomng a hittle
further than V,0 0 with cortespondimely hngh results.  After the dis-
tillation 15 fimished the contents of the recever are acidified with
hydrochloric acid, and the hibcrated 1odime titrated with N/10 sodium
thiosulphate (1 c.e —0 00455 grm V,0,).

(3) Semultancous  Deternonatron of  Chromeum and Vanadioum.>—
The metals must be present as alkaline chromate and vanadate.  The
solution 15 acidificd and distillcd with potasstum bromude as above (1),
the vanadium bang reduced to V,0, and the chromimum to Cr,0,, thus :

V,0,4-211Br—V,0, 4 H,0-+Br,.
20O+ 6HBr- - Cry0 ;4 31,0 -+ 3Br,.
The bromine 1s colleeted m an alkahine 1odide solution, whieh 1s acidified
and the 1odine titrated with thiosulphate. The flask 18 now agam
connceeted to the absorption apparatus, and the solution distilled with
potassium 1odide and hydrochlorie and phosphorie acids in a current of
hydrogen (see (2))  The chromum 1s not affeeted, but the vanadium
is further reduced to V,0,, thus -
V,0,+42HI=V,0,4+H,0+1,.
! Gooch and Curtis, Amer Journ Scr, 1904, 17, 43 B
¢ Browning, dmcr Journ Ser, 1896, 2, 185, Friedheim and Euler, Ber, 1895, 28,

2071.
3 Edgar, Amer Journ Sci, 1908, 26, 333,



VANADIUM. 123

If N=number of c.c. of thiosulphatc uscd i the 1st titration, and

n-_- v - ' ’e ' 2nd . then
n==number of c.c. consumed by vanadium (1 ¢ ¢ -0 0091 grm. V,0;),
and N—n —number of c.c cquvalent to chrommum (1 c.c. =0-006667
grm. CrO))

(4) Reduction with Organie cds to 1V,0,. ~The solution of vanadie
acid i sulphurie acid 1s botled with 2 grm. of oxalie,! tartarge,? or eitrie !
acid for five mimutes, cooled, nearly neutrahised with sodiam bicarbonate,
an excess of N/10 1odime solution added, and neutrahsation completed
with the birearbonate.  After standing half an hour the excess of 1odine
1s titrated with standard arsenious acid solution, usimg starch as mdi-
cator (1 c.c —00091 grm. V,0;). The method 15 applicable to the
determmation of vanadiuny i presence of arsenie, antimony, and tin.

(5) Semnultancous Determination of  Adrvsenic and Vanadium, or of
Antemony and Vanadim.3—~ The solution 15 divided mto two parts,
and the vanadium determimed e the fnst part as direeted under (4).
The second part 1s saturated with sulphur dioxide and heated to boiling
1 a pressure (lask for one hour.  After cooling, the solution s trans-
ferrad to a conteal flask, the sulphur dioxide boiled off, the solution
cooled. ncutrahised with bicarbonate, excess of 1odime added, and the
muxture allowed to stand half an hour  The excess of 1wdme 15 then
titrated with standard sodim arsenite solution.  The difference between
the two titrations gives the arsenie or antimony, or both 1f present
together.

(¢) dscellancous Methods. (1) Precepdation as Silver Vanadate *—
The neutral solution of vanadatc 1s treated with a measured excess of
silver nitrate solution, the preaipitate just re-dissolved by the addi-
tion of ammonia, and the solution boiled till all smell of ammonia
has  disappcearcd. The  precapitate  of  orthovanadate  (Ag,VO,) s
filtcred oft, washed with hot water, the filtrate and washings acidified
with mitrie acid, and the excess of silver nitrate titrated as usual
with N/10 ammontum thioeyvanate, using ferrie alum as indicator (1 ¢ c.
N/10 NII,OCNS = 0 00303 arm. V,0;).

(2) Simudtancous Deternmination of Phosphorus and Fanadion > The
ncutral phosphate-vanadate solution is treated as under (¢) (1), and the
phosphorus and vanadium thus deternuned together. The preeipitate of
stlver phosphate and vanadate is boiled with dilute sulphurie acid, the
hiquid reduced with sulphur dioxide, and the vanadium alone titrated
with potassium permanganate  Phosphorus s dctermimed by difference.

. e 0 00303 erm V,0..
N \ NS - - 2375
1 e N/1O NITLOXNS {0 002368 ., P,0,.

1 c.e N/10 KMnO, — 00091 ., V,0..

(3) Tatration with Ferrous Sulphate.®  'The alkahne vanadate solution

' Browhig and Goodman, Amer Jowrn Sci, 1896, 2, 355

2 Browning, Z anorqg Chem , 1895, 7, 158

3 ldgar, Z anorg Chem , 1909, 62, 77

4 Edgar, .lmer Chem Jowrn , 1910, 44, 467 5 Ihd
¢ Lindemann, Z anal. Chem , 1879, 18, 102.
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free from chromate and arsenate is acidificd with hydrochlorie or sul-
phuric acid and titrated cold with N/10 ferrous sulphate, using potassium
fcrrieyamde as external indicator. This method 1s useful i the presence
of much iron (present as ferme salt) 1 c.e. N/10 FeSO,=0 0091
grm  V,0,

§ VI. Colorimetric Determination.! The formation of pervanadie
acid by the action of hydrogen peroxide on vanadate solutions acidified
with sulphuric acid forms the basis of the colornnetrie determination
of vanadium  The detauls of the proeess are the same as for the colori-
metre determmation of titanmum (g.v)

The standard solution 15 prepared by dissolving 1286 grm  of
ammontuim metayanadate 1 10 per eent sulphurie acid and diluting
with water to 1 itre. 1 ¢ c.= 0001 grm V,0q

§ VII. Detection in Ores.—The nmuncral 15 fused with five times its
weight o sodium carbonate and mirate or peroxide, the melt leached
with hot watcr, the filtered solution nearly neutralised with nitrie acid,
and cvaporated to dryness. The residue 1s taken up with water and the
filtcrcd solution used for the following tests ¢

(a) Boilmg with a shght exeess of acctie acid produces an orange
coloration (tetravanadate).

(0) Boiling with a largc exeess of nitrie acid causes formation of a
deep red-brown flocculent precipitate of pyrovanadie aad.

(¢) Evaporation of the solution with hydrochlorie acid to expel
nitrates finally gives a blue solution of vanadyl chlonde, with evolution
of chlorme, addition ol potasstum bronude brings this about more
readily, bromme beimg hiberated

(d) The solution, shghtly acidified with sulphuric acid, gives an
intense red-brown colour with hydrogen peroside (pervanadie acid).

(¢) Addition of sufficicnt ammomum chloridc to saturate the solution
causes all the vanadium to precipitate as ammomum metayvanadate,
1gnition of which gives the pentoxide (sce § I1L)

(/) Lead acdate gives a yellow preapitate m the cold m solu-
tions shghtly acid with accetic acidd  The preeipitate 15 soluble 1n
nitrie acid.

(g) If the solution fiom the water extraction of the melt 15 acidified
with dilute sulphurie acid and treated with zine the colour changes
from yellow-brown to blue, green, violet, and, finally, lavender.

(h) Reducmg agents (sulphur dioxide. hydrogen sulphide, aleohol,
oxahe acad, tartarie acid, or fcrrous sulphate) 1educe sulphurie aeid
solutions of vanadates to bright blue vanadyl sulphate.

() Boihing with potassium iodide and sulphurie acid gives a deep
green solution contaming V,0,.

§ VIII. Determination in Ores.’—(«) Fusion Methods for Ores low
in Slica.—(1) 05 to 1 grm. of ore 15 mixed with three times 1its weight

U Hillebrand, Jowrn Amer Chem Soc, 1898, 20, 209, Chem News, 1898, 78, 216,
Lindemann, Z anal (hem , 1879, 18, 102

t Bull 70, 'S Bureau of Mines, Low, Technacal Methods of Ore Analysis, Lunge-
Keane, Technical Methods of Chemical Analysis, vol. 11, part 1
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of sodium pecroxide in a nickel crucible, covered with 1 grm. of the
peroxide, and heated till the mass has sintered together and has a
uniform black appearance (fusion 1s unnceessary and objectionable).
The cold mass 1s leached with hot water, the solution heated to boiling
and saturated with carbon dioxide. The precipitate 1s allowed to
scttle, filtered, and washed with a 2 per eent. solution of sodium carbo-
nate.  The filtrate 15 Just acidified with mitrie acid, botled to expel
carbon dioxide, an excess of 10 per cent. lead acctate solution added,
followed by 8—4 grm. of ammonium acctate, whereby all the vanadium
15 preapitated as lead vanadate, together with chronmum, tungsten,
molybdenum. phosphorus, and arsenie. In the ease of gravimetrie
assays these elements must be removed (§ 11 (0)), for the volumetrie
determiation the preeipitate is dissolved by boiling with a few ¢ ¢ of
nitric acid, an exeess of dilute sulphurie acid added, and the whole
cvaporated to strong fumes  The molybdenum, arsenie, and lead are
then removed as sulphides by hydrogen sulphide under pressure, and
the tungsten will be found as tungstie acid m the sulphide preerpitate
In the absence of chromium the filtrate from the sulphides 1s boiled to
ex, | hydrogen sulphide and titrated with N/20 potassium perman-
ganatc; the solution 1s then reduced with sulphur dioxade, the exeess
boiled off, and the vanadium again titrated with N/20 permanganate.
The Jast figure 1s taken as corrcet

If chromrum 1s present, the filtrate from the sulphides s evapor-
ated to dryncss, the residuce fused with sodium carbonate, and  the
aqueous cxtract treated with acetic acid and  hydrogen peroxide
(§ 111, (0) (3).

(2) 05 to 1 grm of the fincly-powdered ore 1s fused with six times
its weight of a mixture of equal parts of sodium carbonate and potassium
nitrate in a platinum crueible. The cold melt 15 extracted with hot
water and the solution filtered ; the residuce 15 washed with hot water,
ignited, and again fused with the same muxture.  The combined filtered
aqucous extracts are nearly acidified with mitrie acid and cvaporated
to dryness (a blank test should be 1un to ascertam the amount of acid
necessary, as an cxcess would lead to reduction of the vanadate by the
nitrite present). The residue 1s taken up with hot water, the solution
filtered, and an cxeess of lead acctate added  The preapitate of lead
vanadate 1s treated as shown under (1).

(b) Acid Attack for Ores rich in Silwca —Fiom 1 to 5 grm. of ore
arc digested with 10 c.c. of aqua regra until completely attacked, the
hquid 15 evaporated to dryness.  The residuc 1s botled with 1 -1 hydro-
chloriec acid until all soluble matters dissolve and the hquor filtcred from
stlica, which may still contain some vanadium ; 1t 15 ignited m platmum,
and cvaporated nearly to dryness (twice) with a few c.e of hydrofluorie,
then twice with hydrochlorie acid to expel the fluornine compounds.
The residue 1s taken up with hot water and a hittle hydrochlorie acd,
which is filtered into the main solution; this 15 saturated with hydrogen
sulphide to remove lead, copper, cte. The filtrate from the sulphides
is boiled to expel hydrogen sulphide, oxidised, ncutralised, poured into
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a large execss of sodium hydroxide (6 grm. m 100 ¢ c. of boiling water),
the resultant solution saturated with carbon dioxide, and filtered.  The
residuc 1s re-dissolved m hydrochlorie acid contaming a little hydrogen
peroxide and the above treatment repeated. The umted filtrates are
ncutrahised with mitrie acid and the vanadium preeipitated as lead
vanadate, which 1s treated as desertbed 1 («) (1).

(¢) Determanation of Vanadoon in Tron Ores and Rocks.1-—Five grm.
of orc are fused with 20 grm of sodium carbonate and 8 grm. of potasstum
mitrate i platimum over a blast lamp  The cold melt 15 extracted with
hot watcr, a few drops of aleohol added to decompose manganate, and
the solution filtered from the msoluble cartbonates, oxides, cte If much
‘anadiuam 1s present, the 1esidue s ignited and agsam fused with the
ubove nmuxture.  The combmed filtrates are wearly ncutrahsed with
nitric acid (quantity required ascertained by blank test) and evaporated
to dryness, taken up with hot water, and tiltered.  The residue contains
sthica, alumina, and part of the echronuum if present (should deternn-
nation of the latter be requived, the residuce is agnited, treated with
hydrofluorie and sulphutie acids, evaporated to dryness, 1gnited, and
fused with soda-mitre. the filtrate bemg added to the mam solution).
The cold shightly alkalime solution 1s treatcd with an exeess of a saturated
ncutral solution of mereurous nmitrate, heated to boithng, ftiltered, the
preeipitate washed with hot 1 per cent. anmimonmm mtrate solution.
dried, and 1igmited at low temperature mm platmum — The ignited residue
15 fused with sodium carbonate, the melt extracted with water (the
chromium  bemng determmed  colornetrically as neutral chromate 1f
required), the solution acidified with sulphurnie acid, and saturated with
hydrogen sulphide under pressure. The filtrate from the sulphides s
boiled to expel hydrogen sulphide while passing carbon dioxide and the
hot solution titrated with N/20 permanganate  To obtam absolutely
correet results the solution 1s agamm reduedd, this tune with sulphur
dioxide, the exeess capelled as usual, and the solution titrated at 80°
with permanganate The mean of the two ligures gives the correct
result.  If more than 5 nulherams of chronuum are present a blank
test should be made with the same quantity of pure chromate, which
1s reduced as above with sulphur dioxide and titratcd hot

(d) Determenation wn Carnotite. -Scee Uranum, § VILL (d).

§ IX. Determination of Impurities in Ores.. The most objectionable
mpurities arc those which form <oluble <alts on fusion with sodium
carbonate, 2.e. phosphorus and arscmie Molybdenum and chronuum
arc not so objcetionable, as i most cases where vanadium s used 1
steels these clements are also present.

(a) Determanation of Phosphorus * - From 1 to 5 grm. of ore are
fused with sodium peroxide ; the aqueous extract of the melt 1s acidified
with nitric acid, agam made alkaline with a few drops of dilute eaustie
soda solution, and the vanadie and phosphorie acids preeipitated with
mercurous nitratce. The preapitate s agmited, fused with twice its

! Hillebrand, loc et (p 124)
2 After Trcadwddl, Analytecal Chemastry, 1910, vol n, 270
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weight of sodium carbonate, the melt leached with hot water, and the
solution acaidified with dilute sulphurie acid m shght exeess  The
V,05 15 reduced by passing sulphur dioxide, the excess of which 1s boiled
oll while passimg a current of carbon dioxide through the hquid.  After
cooling the solution 15 made up to 100 ¢ ¢. with cold water, and 20 c.c.
of 75 per cent ammonium nitrate solution and 50 ¢ ¢ of ammontum
molybdate solution (75 ¢rm  ammonium molybdate m 300 c.e of water
poured mto 500 c.c of nitrie acid, sp. gr 1 2) arc added  The nuxture
15 shaken, heated to 60°, allowed to cool and stand one hour (not
morc), after which it is filtered and the precipitate washad with a solution
contaming 50 grm. of ammonium nitrate and 40 ¢ ¢ concentratod mitrie
acid per htre. The washed preeipitate s dissolved 10 ¢ e. ol 8 per
cent. ammonia, the solution diltited to 10 ¢ ¢ . and trcatcd with 10 c.c.
of the above ammomum mitrate and 2 -3 c.e of the ammonium molyhdate
solution.  The yellow phosphomolyhdate 1s 1e-preaipitatcd by the addi-
tion of 200 c.c. of 25 per cent. nitiie acid, and 1s now free from vanadium.
It 15 dissolved m ammonia, and the phosphone acid preeipitatcd m the
usual manner with magnesia minture

(0) Detcrmunation of Arsenie’—The ore 1s opened up by a mitrie
acid attack and taken to fumes with 10 ¢ ¢ of strong sulphurie acid.
After diluting, siliea, lead sulphate, cte, arve filtered off, the hltrate
reduced with sulphur dioxide, the exeess of the lattcr hoiled ofl. and the
arsenie, cte. preepitated with hydrogen sulphide 5 the precipitate s
extracted with sodimum sulphide. the solution contammg the arsenie
evaporated to fumes with strong sulphurie acid, diluted with 25 e ¢ of
water and 50 c.e. of concentrated hydrochlone acid, and preapitated
with hydrogen sulplide.  The arseme sulphide 1s dissolved m sulphurie
acid and titrated as usual with 1adine.

§ X. Complete Analysis of Ores. («) I'unadinte, Mottranute, etec —
Ores consisting of vanadates of heavy mctals (¢ g vanadiite, vol-
borthite, descloizite, pucherite) are usually found associated with lead
mincerals (such as wulfenite, cerussite, anglesite. pyromorphite, nume-
tite, crocotsite) and zme nunerals (ecalanune, ete ). The analysis of such
nuxtures 1s most conventently earried out by working on several portions
as allustrated below.  Carnotite ores are analysed on simtlar hines.

Irirst Portion.—

Fuse 1 gtm with 5 etm Na,('O; and 1 erm NaNO, leach flter, igmite 1csidue with

3 grm of the same munture  Leach, filter , umte hltrates  Wash both residues with

I per cent Na,('Oy, combine residues

Rt dissolve in HCL pass H,S, filter Pt nearly ncutialise with HNO, (quantity
e = - ——————— 1 a~certaimed by blank  test), evaporate to

Rz Bi, Cu, Pb| 2 add NH,CL | divoess, take up with H,0, tilter

(Procedure 2) NH,OH,and (NH,),N

= e L Bonl, tilter

P ° ' e pe - |

(Table contmued overleal )

U Nee also Friedhemm, Decker, and Diem, Z anal Chom , 1905, 44, 605, for a distilla-
tion method
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First Portion.—Continucd.

P? dssolve mm HCL | 19 Ba, (‘a, Mg | P¢ wmte, evaporate | F¢ add F7?, ppte
ovicdise with HNO,, (I’mccdul(» 9) with HI'  H,80, todry- | with HgNO; solu

ppte  with  Ba('O, —~ ———1Iness, fuse residue with | tion,  boil, filter,
(Procedure 7) Na,('0,+NaNQ,. leach | reject  filtrate
—— e e and filter [gnmite  ppte, fuse

F¢  determune | P4 lldtl R7 and I"° —_— - ——- with Na,CO,
Zn, Mn remove BaC'Oy as m | F7 (trace | R (trace | | NaNOg,  leach,
-————  ——1{ Procedure 7, dissolve | (1) nearly 111) aadify with H,80,,
sulphides i HNO;,  add  NH,OH, | neutralise | fuse  with jevaporate to
(NH,),('05, and (N Hd)..\ Ilter with1INO,, | KHSO, | fumes, cool, ppte
- —ladd to I" | add to P* |with H,S under
1 aadify vut.h P5 disolve m H(l - 2 _ —__ipressure, flter,
HCL,  determme | ppte Al with
U as phosphate | Na,HPO+ Na,S,0,.| | wash with ‘m”“,“ “]” - L
(Uramum §TV,(¢)) | weigh AIPO,. deter- I evapnmh ® dissolve m aqua
o -——— mme Fean ““"m' neatly to drvness, {regra, tilter, add
T EEE e T dilute, add a hittle | NHZOH F Mg Mixture
HN(),_ excess of (H('0,NH, and onc-tenth of the bulk m | (Molybdenum, § 111, (¢))
[_,Ll(ml C'H,0, H . ppt( with l’b(( 1H,010,),, hilter
- e = ——= | P wergh | FI acl-
1'® [)[)l\ exeess  of  Phoas fasMg,As,0,,| dify  with
evaporate to fumes with (lum ted under Urantum, § VL, | o1 titrate CH,C'0,H,
H,S0, titrate V,04 ; (d)  Ppte filtrate from PhSO, | —— - - pptt and
(Vanadium, § v, («) (1)) | with NHOH, ntlter, reject fil- | weigh l’b\[o()
= ———| trate  Dissohve i HNO,, bol |l o

with KC10,, ppto with NH,OH, iilter

I" \hh\nl\( m HNUq.

F add CHZCOH, ppte with BaCl,, filter, 1igmte } pto 17, Al Add to P*
and weigh BaCrOg [

Second Portion  Ihgest with wqua 1egia, evaporate to dryness,
again with hydrochlorie acid, filter  Dctermune sthea m residue, and
sulphur trioxide 1 filtrate.

Thud Portion —Chlorme  Scee Molybdenum, § IX, (b), sccond
portion

Fourth Portion, for phosphoric acid. —Sce § IX, (a).

Fufth Portion. —-Determune water by Penficld’s method.

Swth  Portion —Potasstum (sodium) m carnotite. Apply hydro-
fluoric acid or Lawrencee Smith’s method

(b) Patromte Ores. Fust Portipn. - Roast at low temperature m
platinum, treat residuce as under («) (first portion) for determination of
V, Mo, Cu, Fe, Al, Mn, N1, Ca

Second Portion. -Fuse with sodium carbonate and nitrate, determine
sthea and sulphur.

Third Portion.—Watcer by Penfield’s method.  If tarry matter distals
over, dry the tube i a steam oven and weigh agam ; the loss 15 water.

Fowrth Portion, for organie matter. -Digest with strong hydrochlorie
acid, addmg a drop of bromine from time to time till all sulphides are
decomposed.  Warm to expel bromine, rinse mnto a platinum  dish,
evaporate with hydrofluorie and hydrochlone acids, filter on tared
paper 1n vuleanite funnel, dry, and weigh. Igmte and weigh agan;
difference gives organic matter.

Fifth Portion.—Alkahes (hydrofluorie acid, or L. Smuth’s method).



COLUMBIUM. 129

§ XI. Technical Methods.'-—(a) Rapid Volumetric Deternenation of
Vanadium an Ores (Chromeem and Uranium not interfering). —'I'wo grm.
of orce are well mixed with 8 grm. of sodium peroaide, and the mixture
heated moan wron crucible until 1t begins to simter and becomes dark
arcen on the sutface (it should not be fused)  The cold miass 15 extracted
with hot water and acidified with 20 c.e. of strong sulphunie acid m 75
c.c. of water.  The solution 1s tinted with permanganate from a burctte,
ferrons ammonium sulphate added from a sccond burette until a spot
test shows an nnmaediate blue with ferrieyanmde, after which more per-
manganate 15 slowly added until no bluc colour dovelops i a spot test
durmg five sceonds.  The solution, which now contains vanady I sulphate,
15 heated to 707 and titrated with N/20 permanganatc. 2\ blank test
should be put through the whole process and the result deductad before
calculating V,0;  If chrommin 1s presant, the titration should be
made at 40°.

(b) Rapud Method for Vanadium and Urarveum in Carnotule. —Scee
Uranium, § IX, (4).

COLUMBIUM.

§ I. Minerals, — («) Colwmbite, 1ron manganese melacolumbate,
(FFe,Mn)(CbO,),, 1s the end-mambar of the somorphous  columbnte-
tantahte scries The nuneral always contams varving amounts of
tantalum, as tantalite 15 probably naver frce from columbium.  This
replacement 1s the rule with all columbium-tantalum mincrals. Like-
wise the manganous and ferrous oxides replace cach othar e all pro-
portions.  Columbite 15 orthorthombie, but oftcn found massive, its
colour and strcak vary from brown to black 11 6 The speetlie gravity
mercases with the tantalum content, ranging from 5 3 (columbnte) to
7 3 (tantalite) ;5 all the nunerals ol the series are attracted by a strong
clectromagnet.  Columbite 1s the most plentitul columbium mmeral.
The metal 15 also found m a number of very rare nunerals which present
considerable sewentific mterest  The best known ave —

(0) Tantalocolumbates. — (1) Samarshite, a pyrocolumbate of rare
carth  metals, chudly  yttria carths . RyYR7(CbTa), 0, where
R"- Fe,Ca,UQ,, and R =rarc carth mdctals  Radoactive, contamns
hehum.  Orthorhombie, black 3 strcak raddish-hrown

(2) <dnnerodite 1s a parallel growth of columbite on samarskite.

(8) Fergusomte, tetragonal, 15 an orthocolumbate R7(Ch,Ta)0,.
R’ = rarc carth metals, cluelly yttrium.  Brownish-black.  Glows
suddenly with evolution of helrum when heated to 500°-600".  Radio-
active.

(¢) Tutanocolumbates. - (1) Aeschynte,  Ce(ChO,) . ThT10 . I'T10,.
Orthorhombice, nearly black. I3 6, sp. gr. +9-57.

(2) Luwende-Polycrase, Prionde- Blomstrandine.—Lake the trioxides
of antimony and arscnie, these four muncerals form an sodimorphous

L Low, Technical Methods of Ore Analysis See also Alvatez, Chem Zet, 1909, 33,
1149,
9
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serics, but the end-members—metacolumbate and metatitanate—are
unknown. The dunorphous substance euxenite-priorite contams more
columbium and less titanium than polycrase-blomstrandine.  Though
all the mincrals of the series are orthorhombie, the measurements for
cuxenite-polyerase are different from those for priorte-blomstrandine.
They are bright black, and contam rare carths, uranum, zirconiumn,
and watcr.

§ II. Properties and Compounds.-—(«) The metal 1s obtamed, hke
tantalun, by reduction or clectrolysis. It is softer, ighter (sp. gr 8 4),
and more casily fusible (M.P. 1950°) than tanlalum, and not attacked by
acids, with the exeeption of hydrofluorie.

(b) Ouwwdes.---The pentoxide, (b,0., obtamed by 1gniting columbie
acid, 15 a white powder which becomes yellow on heating. Fused
bisulphate dissolves 1t, but on extracting the melt with water most
of the columbium 1s preaipitated as columbie acid  The oside 1s in-
soluble 1 acids, exceept hydrofluorte Non-volatile, non-reducible at
temperatures attamned with o Bunsen burner. Lower oxides, such as
Ch,0, and Ch,0,. have been prepared by reduction at lngh temperature.
Reduction of columbie acid 1 acid solution yiclds an oxide the composi-
tion of which closcly approaches Cb O,

(e) Columbee Jdced -~ A few propaties of this substancee are deseribed
m § VI («). In ats bchaviour towards mimcral acids it «xlhibits a
shghtly morc basie character than tantahe acd (g o)

(d) Columbates —The three types corresponding to those of the
phosphates have bean recognised m minerals, viz ortho- (R,/CHh0,),
pyro- (R,'Ch,0.), and meta- (R'CHO;) columbatcs  In addition, hexa-
columbates, RyCh Oy, are obtammed by fusion of msolublce columbates
or the pentoxide with caustie alkalics. Potasaium hexacolumbate 1s
soluble m watar and caustie potash, the sodium salt 15 shightly soluble
m water, bul msoluble m caustie soda

() LPotassium fluocolumbate, IK,Cbl,.—Sce § V1, (¢)

§ III. Quantitative Separation of Columbium (and Tantalum) from
other Elements.— T'he comparative msolubihty of the columbie and
tantahic acids and anhydiides serves to separate them from most metals,
earths, and bases  Only a small number of ¢loments eall for a special
process of scparation, e those that form more o1 less mert aadie
oxtdes or acids  The nuxed tantalie and columbie acids will hereunder
be referred to as ““earth acids.”

(a) Separation from Tungsten.—The precipitatcd tungstic and carth
acids are digestad with warm dilute ammonia or ammonium carbonate,
which dissolves the foomer. A better separation 1s effeeted by digesting
with warm 1 per cent caustie soda and boiling with excess of ammonium
nitrate (Tungsten, § 111, («) (2); deternunation, 2ed , § 1V, (b)). The
residual carth acids are filtered off and washed with dilute ammonium
nitrate solution.

(b) Separation from Antunony.—Antimonic acid, 1f m admixture
with the carth acids, may be extracted by digestion with hot yellow
ammonium sulphide. It 1s recommended to ignite and fuse the residue
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with potassium hydroxide, preeipitate the earth acids with hydrochlore
acid, and repeat the extraction with ammonium sulphide.  The filtrate
15 acidified and boiled to precipitate antimony sulphide

(¢) Separation from Tin.—Precipitated stanme acid may be separated
from the carth acids as deseiibad under antimony, @ e. single or double
extraction with hot yellow ammonium sulphide. Where laree quan-
titics of stanme oxide have to be separated from small amounts of
-arth acids the mixed preeipitate 15 1gnited, transferred to a poreclam
boat, and heated m a current of hydrogen.  The escaping gas 15 bubbled
through water for the recovery of traces of tim; the residue s boiled
with hydrochlonie acid, which extracts the tinand leas es the carth acids.

In technical work, tungsten, tin, and antimony are removed together
by digestion with ammonia and ammontum sulphide.

(d) Separatiwn from Silica.—The nuxed acuds are heated m platinum
with hydrofluoric and sulphurie acids.  When the whole of the former
and the excess of the latter have volatilised the carth acids separate
as a thick jelly which s very apt to spirt while bemg taken to dryness
previous to 1gniting and weighing, unless the evaporation proceeds very
slowly. Alternatively the followmg proccdure may be adopted. The
actd muixture m the platmum dish s heated with a large exeess of
sulphurie acid to strong fumes after all the fluotme has been expelled.
After cooling 1t 1s transferied to a beaker contnme distilled water,
the dish bemg eleaned with a rubber-tippad glass rod  The aqueous
suspension 1s made shightly alkalme with ammonia, boiled for some time,
and left to settle. The preeipitate, consisting of the carth acids, 1s
filtered off and washed with dilute ammomacal ammonimum nitrate
solution.  Sihiea 15 determined by didfcrence, the acids beng gnited
and weighed before and after the treatmant desenibad above.

(¢) Separateon from Tetaniuwm.— (1) If a small quantity of titanum
dioxide 15 suspeeted i the weighed muxed pentoxides they are fused
with bisulphate, and the melt extracted with cold dilute sulphurie acid.
The filtrate 1s tested colorimetrically with hydrogen peroxade (Titanum,
§ VL.), and the titanium dioxide deduceted from the weight previously
found.

(2) Fusion with bisulphate 15 also applicd i technieal work for the
separation of large quantitics of titantum from the carth acids, though
the process gives slightly low results for the latter on account of thewr
mperfeet insolubthity after this mode of attack.

(8) The best separation appears to be by means of salieylic acid.t The
moist mixed acids are boiled under reflux for three to four hours with
a large excess (5-10 grm.) of this reagent ; the hquor is filtered, and the
yellow filtrate preetpitated with ammoma, the preeipitate being ignited
and weighed as T10,.  The msoluble residue cousists of the carth acids.

(4) Waiss and Landecker 2 describe a process in which the mixed
acids, after extraction with ammonium sulphide, are 1gmted and fused
with sodium carbonate and mtrate. The aquceous extract of the melt 1s

1 Dittrich and Freund, Z anorg Chem , 1908, 568, 344, 346
t Z. anorg. Chem., 1909, 64, 65
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boiled for some time and filtered  The titammm 1s 1 the residue. If
the filtiate be found to contam more titanim, 1t 15 precipitated with
hydrogen sulphude, and the two titanium preerpitates are dissolved m
a nuxture of dilutc sulphunie acid and hydirogen peroxide ;5 this solution
15 1cduced with selphur dioxide and the titanmum precipitated with
ammonta  The filtrate from the titanium s botled with oxeess of sul-
phuric acid to dcecompose sodium sulphide 5 the carth acids are then
precpitated with ammonia

(/) Separatton from Zorconnun ——(1) A tcehnieal separation can be
cffceted, as m the ease of titanmm, by fusion with bisulphate.  Zarconium
sulphate dissolves, while the carth acids ramam almost cntirely msoluble.
They retam a hittle zirconia, which 1s extractad by a sceond fusion.

(2) Baley ' preaipitates zizconmum from sulphurie acid solutions by
mecans of strong hvdrogen paoside (120 vol.), any tantalic or columbie
actd present remamimg m solution This mcthod provides a scparation
of znncontum from the small quantity of carth acids rendered soluble by
the bisulphate fusion

Note —The filttation and washing of acid-carth prceipitates 1s greatly
facihitated by nuxmg them with pulped filtar fibic - (See Introduction.)

§ IV, Separation from Tantalum, and Gravimetric Determination. —
A separation of tantalum and columbium has reeently been pubhished
by Wass and Landccker,? who dicet passing carthon dioside for one
and a hall hours through a cold solution of sodium columbate and tan-
talate, tantalic acid only bane prceipitated 5 however, this method
has been found quite unsatisfactory by Foote and Langley ¢ and by
Mcmmberg and Wimzer A

The only mcthod at present mousc for separating the two clements
15 that of Marignae,” or some of its modithications  The process 1s based
on the dilcrent solubilitics of potassium fluotantalate and the corre-
sponding columbium compound, or potassium columbium oxyf{luoride
(§ VIL, (¢)). The procedure of fractional ervstallisation has to be adopted.
The apparatus rcquircd consists of a rubber or ebontte funnel (a glass
funncl coated mternally with paraflin wax mav also be used) fitted with
a 55 cm. Olter, and two platimum dishes, A and B. o If more platinum
vessels are available the operation 1s a ittle more conyenient, especally
if 1t s desired to colleet the [luotantalate preapitate. Kyven then, ths
may be rinsed with cold water mto a paratlin-coated poreelam dish,
the filter washed with cold water, and the tantalum fraction reserved
until one of the platimum dishes heecomes available.

(«) The Separation.—The purtficd mixed acids arve transferred from
the filter into dish A; the filtcr 18 opaned out i B and treated with
hot water and a few drops of hydrofluorie acid to dissolve the precipitate
still adhering to 1t. The aeid 15 poured into A and the filter washed
several times with water, which 1s added to that in A, The carth acids
arce completely dissolved by gently warming dish A and stirring with a

1 Journ Chem Soc, 1880, 49, 149, 481 2 Z unorg Chem , 1909, 64, 65
3 Amer Journ, Sci, 1910, 30, 401 4 Z angew Chem , 1913, 26, 157.

5 Ann. Chim. Phys, 1865, 8, 5, 49.
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platinum rod, adding morc acid 1f necessary, but the amount must be
carcfully inted.  To the hot solution 15 added a boitling solution of
potasstum [luortde shightly m exeess of the quantity requured to form the
double fluortdes  Strangely cnough, most text-books direet that one-
quarter of the waght of the carth acids m potassium acrd fluoride be
added, but this 1s obviously isutlicient for the formation of the double
salts.  More recent directions preseribe the addition of twiee the weight
of the mixed acids m potassium fluoride. This quantity s also used by
the authors.  The solution 15 evaporated on the water-bath to about
10 c.c. and left to cool slowly.  The crvstals are filtered off and washed
with small quantities of cold water, the filtiate and washmos being
reectved m B. The latter are evaporated to about 5 c.e and slowly
cooled, when a smaller quantity of (luotantalate scparates. Meanwlhile
the flter s rmmsed and washed firee from the finst fraction. The seeond
fraction s filtered off and washed as hafore . the tltrate as colleeted m
A and cvaporated to dryness  The vesidue as taken up m less than
5 c.c. of water delivered from a burette (volume «), warmed till solution
15 complete, treated with a drop of hydrofluorie acid, and the hqud
left to cool for once hour  The sceond fraction s tsad off the filter,
added to the fust, and the paper well washad  The thied haction s
then filtered off and washed three to four tumes with measured amounts
of water, a few drops at a tume (washimes b)) mto B The thied fraction
1s rinsed back mto A, to which the first and second are now transferred.

(0) Gravemetree Determenation of Colwmbaon  The contents of dish
B arc evaporated Lo fumes swith 10 ¢ ¢ of sulphune acid (1 1), fuming
bemg continued for twenty mmutes to expel all fluorme  The cooled
mass 1s hansfarred to a beakar contamimas distilled water and filter
pulp, and the dish eleancd with o rubbar-tipped glass rod The hquid
15 then made shehtly alkahime with ammonta and botled — The precipitate
1s allowed to scttle. filtcred off. washed with ammontum nitrate solution,
1enited  wet me platmum, and waghad It 15 agam wgmted with
ammontum carbonate to expel any sulphunie anhyduode, wnited stronglv,
and werghed.  An allowanee has to be made for tantalum pentoxide m
the wewghad preeipitate, due to the solubility of fluotantalate m the
third precipitation. According to Mclor ' this is caleulatod as follows . -

For cach c.c. of acid hquid (volume @) 0 0020 grm Ta 0
s as e s Waler (washings 0) 0 00091 orm Ta,0 .

This weight 15 subtracted from that of the columbium pentoxide and
added to the tantalum result Columbium as well as tantalum s always
werghed as pentoxide.

(¢) Gravemetrie Deterinnation of Tantalum. - It 1s generally recom-
mended to deternmime columbium and tantalum togcther as pentoxades,
and to {find the amount of tantalum by dilference after determiming the
columbium, as desertbed above. This s a conventent proeedure for
tantalite, which contains a small proportion of columbium It s often
desirable to determune the tantalum, and this should be done when the

b Quantitative Inorganie Analysis, p. 422,
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proportion of the latter element is small (e.g. in columbite), on tuc
principle that i a determination by difference the subordinate element
should always be determined dircet and the predominant by difference.

In order to convert potassium fluotantalate mto the pentoxide the
preapitate and washings i dish A are evaporated with a large excess
(510 c.c.) of sulphuric acid to strong fumes and the heating continued
for at least twenly nunutes.  The acid 1 then poured into water con-
taming filter fibre, neutralised with ammoma, the liquid boiled, the
preapitate filtered off, washed, 1gnited, and weighed, in exactly the same
manner as desceribed for the gravimetrie estimation of columbrum.

(d) Summary of Marwgnac’s Process : —

Dissolve nmuxed acids m HF (dish A), evaporate with twice thoir weight in KF to 10

¢ ¢, filtor

P!  nnse and wash 1nto paraffin-

coated basin — I
c o e 14 evaporate to diyness | P2 add to P

A, take up with 11,0, hlter ——

It evaporate n B to 5 cc, filter

R®  rmmse back mto A, add P'+P4L | F3 evaporate m B with 1,80,
evaporate with H,50, Columbium
Tantalum

(e) Meimberg and Wanzer’s Process.’—In this modification of
Marignac’s process potasstum chlorvide 1s substituted for the fluoride.
The directions are as follows :—

The nixed acids are dissolved m a quantity of hydrofluoric acid
suflicient for the formation of the doublc fluorides s the solution 1s mixed
with saturated potassium chlorde solution and cooled, the volume being
so adjusied that potassium fluocolumbate remams dissolved (1 part n
12 of solution). The precipitate 15 washcd with salurated potassium
chloride solution, dissolved m water contaming a hittle hydrofluorie
acid, the solution agam treated with saturated potassnun  chlorde
solution, and carcfully cooled.  The precipitate 1s filtered off and washed
as before, the combied precipitates evaporated in platinum with strong
sulphurie acid, and the heating continued for some time after strong
fumes have made thewr appearance  The residue 15 boiled with water
contamning a hittle hydrochlorie acid and with ammonia, left to settle,
filtered off, washed, 1gmited, and weighed as tantalum pentoxide. The
frcedom of this preeipitate from columbium s tested colorimetrically
(§ VI.).  The columbium in the filtrate 1s determined gravimetrieally, and
any titanium o the columbium pentoxide by colormetry (Titanium, § VIL).

§ V. Volumetric Determination.—On account of the non-interference
of tantalum in the volumetrie proeess this mode of dctermming colum-
bium 1s better adapted for the requnements of technieal routine work
than the gravimetric method, which latter, however, is still up to the
present regarded as the standard process.

The volumetric determination of columbium 1s based on the redue-

1 Loc cit., p. 132,
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tion of columbic acid by zine in acid solution and oxidation of the lower
oxide by permanganatec of known strength. Interfering clements
(molybdenum, tungsten, titanium) must not be present.  Two methods
for carrying out the process will here be deseribed :—

(a) Taylor’s Method.*—The mixed carth acids are fused with 5 grm.
of bisulphate, the melt heated with 10 c.c. of strong sulphuric acid, and
the clear hquid transferred to a beaker, the dish being rinsed out with
30 c.c. of strong sulphuric acid.  After cooling, 2 grm. of succinie acid
arc added, followed by 20 c.c. of a saturated solution of the same acid
i a fine strecam from a burette, whilst contmually stirring.  Dilution
with water to 200 c.c. is gradually cffected with constant stirring.  The
solution, heated to 75° 15 passed through a Jones’ reductor filled with
20 per cent. sulphurie acid at 75°. When the assay has passed the
reductor the latter s rinsed with 50 e e. of 20 per cent. followed by 200
c.c. of 5 per eent. sulphurie acid. The reduced solution 1s reecived m a
flask filled with carbon dioxide, and titrated with N/10 permanganate,
1 c.c. of which equals 0 007052 grm. Ch,0; A blank assay should be
made, and the volume of permanganate subtracted from that used in
the determination’.

(b) Levy’s Method.®*—The weighed mixed oxides are heated with
10 c.c. of hydrofluoric acid, the hqud being heated quickly almost to
boiling-point, and kept at that temperature to complete solution, after
which 1t 15 evaporated as low as possible withoutl separation of solids,
or, at most, only a thin scum on the surface.  Forty c.c. of strong hydro-
chlorie acid are then added, when everything should dissolve; the acid
liquor 15 transferred to a 500 c.c. conieal flask with 20 c.e. of water, and
reduced with 10 grm. of fairly massive granulated zine. Reduetion
and titration are carried out under hydrogen.  This 15 conveniently
donc by closmg the flask with a three-holed stopper 5 two holes are used
for the hydrogen supply, while the third earries a short thistle funnel.
When the zine 15 all dissolved (with brown colour m presence of much
columbium), an air-free solution, consisting of 270 c¢.c. of water, 10 c.c.
of strong sulphuric acid, and 20 c.c. of saturated sodium phosphate
solution, 1s introduced throueh the thistle funncl; the titration s earried
out without delay, the permanganate heing added through the funnel
until a pmk timge is obtamed. One c.e. of N/10 permanganate 1s
equivalent to 0 00833 grm. Cb,0;.

Levy states that the method tends to give low results with small
quantities of columbium 1n presence of much tantalum, and that his
and Taylor’s methods give results which appear to be more aceurate
than those given by Marignace’s method m much less time and with
less labour.

§ VI, Colorimetric Determination.—A colorimetric process for deter-
mimmg columbium m potassium fluotantalate has been worked out by
Memnberg.? The preapitate 1s dissolved i hydrochlorie containing

1 Dissertation, Columbia Umiversity , Jowrn., Soc Chem Ind, 1909, 28, 818
3 Analyst, 1915, 40, 204
3 Z. angew. Chem , 1913, 28, 83.
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somc hydrofluoric acid, and the solution boiled down till a copious
preeipitate of potassium fluotantalate 1s formed.  After cooling, this
is filtered off and washed with eold dilute hydrofluoric acid.  The filtrate
contammg all the columbium s evaporated to dryness on a sand-bath.
The residuce 1s dissolved m coneentrated hydrochlorie acid, the solution
transferred to a colornmetrie tube, and reduced with tin for fifteen
minutes.  The colour 1 matched agamst a standard, which must be
freshly made for cach determination.  The solution should not contain
more than 01 per cent. of columbiim ; the method 1s stated to be
accurate within 0 01 per cent. 1f 10 grm. are taken for assay.

§ VII. Detection in Ores.— All columbium minerals yicld by fusion
with potassium hydroxide and extraction with water a solution contan-
mg potassium hexacolumbate, which gives the following reactions :—

(a) On acadification, a white amorphous precipitate of columbie
acid 15 produced.  This 15 very shghtly soluble in excess of acid, but
casily so m hydrofluorie acid 5 it also dissolves in hot strong sulphurie
acid, and the solution remains elear on dilution.  The precipitate does
not dissolve m strong hydrochlorie acid, but the residue 1s soluble 1n
water after decanting the acid.

(b) Zme added to the sulphurie acid solution obtamed as under (@)
produces a fine blue colour.  Hydrolluorie acid prevents this reaetion.
Tungsten, molybdenum, and vanadiam mterfere by giving lughly-
coloured compounds ; the mauve colour of titantum, 1f present, 1s less
pronounced.

(¢) The hydrofluorie acid solution obtained as under («) 15 not pre-
apitated by potassium fluoride, as potasstum {luocolumbate, K,CbE,,
15 soluble m 125 parts of water. I hittle free hydrofluorie acid 1s
present, the oxylluonde, K,ChOF;.11,0, 15 formed, which 1s still more
soluble.

(d) Ammoma precapitates columbie acid from the sulphurie acid
solution 3 the preapitate retains ammoma, and 1s more generally
deseribed as ““acid ammonium columbate 5 tartarie acid prevents
the preeipitation.

(e) Tanmn gives an orange-red precipitate m the acid solution.

(/) The nuerocosmie salt bead 1 a redueig flame assumes a blue,
violet, or brown colour with mereasing amounts of columbie acid ; the
heated bead turns red after addition of ferrous sulphate.

(g) For the simultancous detection of columbium and tantalum the
white preeipitate of columbie and tantalie acids obtained as under (a),
and cxtracted with ammonium sulphide to chmmate any tungsten,
15 dissolved m Iittle hydrofluorie acid, the solution evaporated to small
bulk with excess of potassium fluoride, and allowed to cool. A crystal-
Iine preapitate, consisting of fine needles of potassium {luotantalate,
proves tantalum 1o be present s the filtrate 1s evaporated with 10 c.c. of
sulphuric acid to expel all {luormne, cooled, diluted gradually with water,
and reduced with zine: a blue coloration shows presence of columbium.

§ VIIL (a) Determenation in Ores.—Sce Tantalum, § V.

(b) Complete Analysis of Ores.—Sce Tantalum, § VILL
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TANTALUM.

§ I. Minerals.—- (a) T'antalete, iron mangancse metatantalate, (Fe,Mn)
(Ta0y),, 15 the other end-member of the 1somorphous columbite-tan-
talite series 3 1t goes over mto columbite by impereeptible gradations.
In the same manner, manganous and ferrous oxides are viearious, and
this replacement gives rise to another somorphous series, the end-
members  of which are manganotantalite, Mn(Ta,Cb),0,, and fenro-
tantalite, Fe(Ta,Ch),0,. Manganotantalite 1s more casily decomposed
by fusion with potasstum hydroxide than ferrotantalite. For a deserip-
tion of this mineral, sce Columbite.  Tantalite sometimes occurs with
wolframite and ecassiterite.

(b) The other munerals m which tantalum predomnates over colum-
bium have no ccononmue mterest. The best known are @~

(1) Microlite, caletum pyrotantalate, Ca,Ta,0,; pale yellow to
brown ; cubic.

(2) Stibrotantalite, antimony  tantalate, Sh,04.(Ta,Ch),0;5; various
shades of yellow.

(3) Yihotantalite, yttrium pyrotantalate, 1somorphous with samar-
skite, and of smular composttion : RR,7(Ta,(h),04,.4+11,O R -
chiefly yttrium.  Yellow to black.

(¢) For othcr tantalum-columbium minerals, see Columbium, § 1.

§ II. Properties and Compounds. - («) 7antalum 15 a greyish-white,
ductile, tough metal, obtamed by clectrolysis of fused potassium
fluotantalate or of an oxalatc solution, or by reduction of the pentoxide
by hydrogen m the cleetrie furnace. It can be hardened, and resists
all acids exeept hydrofluorie  Sp. gr. 16 5; M.P. 2175°.

(b) The pentoaide, Ta,04, 15 ahéavy white powder (sp. gr. 8 71), insol-
uble m acids, but soluble in hot hydrofluoriec acid.  The behaviour to fused
bisulphate 1s the same as that of columbium pentoside.  Itis non-volatile
by itself, but markedly volatile 1f 1gnited with ammonium fluoride
Reduction at very high temperature produces black tetroxide, Tay0,.

(¢) Tantalie .dcid.-—The sahent properties of the acid are mentioned
in §IV. It has feebler aflinities than columbie acid;  thus, alkah
tanlalate solutions arce precipitated by a current of carbon dioxade,
whereas those of columbate are not.

(d) The tantalates are of four types, hike columbates (g v.).  Potassium
hexatantalate, KTa 0,4, 18 soluble m water and caustie potash; the
sodium salt, shghtly soluble in water but msoluble i caustie soda.

(¢) Potassium fluotantalate —Sce § 1V, (d).

§ III. Separation and Estimation.— («) Separation from other Elements.
—Sce Columbium, § 111.

(b) Separation from Columbium.~- Sce Columbium, § IV.

(¢) Gravimetrie Determnation - ireet determination as Ta, Oy 1 sce
Columbium, § IV, (¢). Indircet deternmnation The sum of the muxed
oxides, Cby0;+Ta,05 having been deternuned, Ch,0; 15 determuned
by gravimetric or volumetric methods, 10,0, bemg found by difference.
See Columbium, § IV, (¢) and § V.
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(d) Therc is no volumetric or colorimetric method for determining
tantalum.

§ IV. Detection in Ores,—The tantalates found in Naturc arc decom-
posed by fusion with potasstum hydroxide, and extraction of the melt
with water yiclds a solution of potassium hexatantalate. This may be
tested as follows : —

(a) Sulphuric acid produces a white amorphous preeipitate of tan-
talic acid, msoluble m excess, but soluble 1 hot concentrated sulphuric
acid. The solution is agamn precipitated on dilution.

(b) Hydrochloric acid precipitates concentrated solutions, and the
preeipitate 1s soluble 1 excess to an opalescent hqud.

(¢) Zine added to the acid hquid obtamed under (b) causes no
coloration.

(d) Tantalic acid 15 casily soluble in hydrofluoric acid ; the solution
on addition of potassium fluoride gives colourless needles of potassium
fluotantalate, K, Tal';, coluble m about 200 parts of water. It is fusible,
and shightly volatile. By boiling a solution of the double fluoride a
very msoluble oxyfluoride, K, Ta,OF (= 4KF.2TaF;. Ta,0;) 15 precipi-
tated as a white powder.  This 15 a sensitive reaction.

(e) Tannmin gives a yellowish precipitate m acid solution.

(f) Ammomnia precipitates from the acid solution white tantalic
acid or an acid ammomum tantalate; tartaric acid prevents the
reaction.

(g) For the simultancous dctection of tantalum and columbium
see Columbium, § VII, (g).

§ V. Determination of Tantalum and Columbium in Ores.—The ore
15 almost always opened up by a fusion, exeept m a few cases where
hydrofluoric acid 15 employed. A number of fluxes are avalable, of
which the following are the meost important :—

(a) Potasstum hydroxide ; mckel or silver crucible.

(b) Potasstum carbonate ; iron crucible.

(¢) Sodium peroxide ; mckel crucible.

(d) Sodium bisulphate ; platinum or sihea erucible.

Potassium persulphate, potassium acid fluonde, and sodium carbo-
nate and nitrate (Columbium, § IT1, (¢)) are also mentioned n literature.

(a) Fusion by Potasstum Hydrovide, recommended by Simpson,!
answers well for high-grade tantalite (columbite) substantially free from
titantum. Six grm. of potasstum hydroxide arc fused 1in a mekel erueible
supported 1n a perforated piece of asbestos board, so that only the lower
quarter of the crucible extends below the opening.  Creeping of the
fused alkaliis thus prevented. One grm. of the finely ground ore 1s then
added and well minad by rotating the erueible. The heat 1s gradually
mcercased, and the covered cerueible finally heated for half an hour or
more with the full heat of a Teelu burner. When cool, the crucible 1s
placed inside a 500 c.c. beaker and filled with warm water, the beaker
bemng covered 1o prevent loss by spirting.  The hquor is poured into
a beaker contaming 20 c.c. of strong hydrochloric acid diluted with

1 Chem. News, 1909, 99, 243.
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water, and the crucible and lid washed with dilute acid, assisted by a
rubber-tipped glass rod. The contents of the beaker are now diluted
to 800 c.c. and brought to boil, adding a little more acid if the precipitate
shows any discoloration, and a few drops of alcohol to destroy perman-
ganate. After twenty minutes’ boiling the precipitate is left to settle,
the liquid decanted through a 12 5 em. filter, and the white precipitate
thoroughly washed with hot dilute hydrochlorie acid ; 1t contains all
the tantalum and columbium, gencrally mixed with tungsten, tin, and
silica, and 1s purified by rinsing back mnto the beaker and digesting with
hot yellow ammonium sulphide. Tin and tungsten are thus removed.
After filtering on the paper previously used and washing with dilute
ammonium sulphide the precipitate usually has a greenish tinge, due
to adsorbed or incompletely removed ron. It 1s therefore returned to
the beaker onee more, digested for a short time with hot dilute hydro-
chloric acid, filtered off on the samc paper, and well washed with
acidulated watcr.

At this stage the muxed acid carths are still contaminated with
sthea. To remove this the precipitate is transferred to a platinum dish ;
what still adheres to the paper 15 dissolved in dilute hydrofluorie acid
m a second platinum vessel, the solution poured into the first, and the
filter well rinsed with water.  More hydrofluoric acid 1s added to dis-
solve the whole of the preeipitate and the solution evaporated with
20 c.c. of sulphuric acid (1 : 1) to coprous white fumes, after which the
heating 1s continucd for at least {iftcen minutes.  The cooled acid mass
1s transferred to a beaker contaming filter pulp i 300 c.c. of water,
the dish well rinsed with a rubber-tipped rod, a sheht excess of ammoma
added, and the whole boiled for twenty mnutes.  After setthng, the
precipitate 1s filtered off, washed with ammonium mtrate solution,
1gnited - platimum with ammonium carbonate, heated strongly for
fiftcen muinutes, and weighed as Ch,05-4-Ta 0.,

(b) Fusion with Potassium Carbonate 15 m all respeets the same as
with potasstum hydroxide, but the salt is much less fusible, hence 1ts
use 1s less convenient.

(¢) Fusion with Sodium Peroxide.—There 15 no difference between
the execution of this process and the preceding ;- the attack by peroxide
is very quick and energetie.

(d) Fuswon with Sodwum Busulphate.—This 1s the older process, and
is uscful for complex minerals, such as titano-columbates and materials
contaming more subordinate quantities of tantalum and columbium.

The results of this method arve a httle low, due to the sheght solubility
of the carth acids after the bisulphate treatment.  The shimed mineral
15 added to ten times aits weight of bisulphate previously dehyvdrated n
a platimum dish or crueible. Tt 1s fused gently at first, then submtted
to a strong heat for half an hour or until dark particles of undecomposed
orc are no longer visible.  When decomposttion is complete the cake
1s extracted with a large quantity of boiling water, the solution boiled
for twenty minutes, left to clear, and filtered. The precipitate, after
carcful washing with acidulated water, is treated for the removal of
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tungsten, tin, and a small quantity of iron, exactly as deseribed under
(a). The preeipitate may now contam sihea and titamie acid. They
are chminated by tirst evaporating with hydrofluorie acid and sulphurie
acid to strong fumes as before, pouring the acid mass mto water, nearly
neutralising with ammona, and boiling with 5-10 grm. of saheyhe acid
for three to four hours. The clear hquor 1s decanted, the precipitate
transferred to the filter, well washed with dilute salieyhe acid, 1ignited
as before, and weighed.  (If the ore 15 found to be free from titanmam
no change from procedure (¢) 15 neeessary.)

With ores contaming rare earths (e.g. monazite sand) the bisulphate
melt must be digested with cold water, otherwise hydrated sulphates
of cermum, lanthanum, cte., would separate out together with the
carth acids T ores are fused with bisulphate after reduetion
hydrogen and extraction with hyvdrochlorie acid.

(¢) The operations deseribed above give the sum of tantalum and
columbium pentoxides m the muneral. To ascertain thewr separate
amounts the weighed mixed oxides may be dissolved - hydrofluorie
acid for volumetrie determimation of columbium after Levy 5 or fused
with potasstum hydroxide o a silver cructble, the acids preeipitated
by boiling with hydrochlorie acid, dissolved m hydrofluorie acid with-
out any further washing, and sceparated according to Marignace’s or
Mcmmberg and Winzer's method 5 or they are fused with bisulphate
and titrated by Taylor’s method (Columbium, §§ IV. and V.).

Some operators prefer to wortk on two portions of ore, which are
treated m the same manner up to the pomt where the purificd mixed
acids have been obtamed 5 m one portion the nixed acids are 1ignited
and waighed, the other 15 used for the determination of tantalum or
columbium. Tt is always advisable to test the weighed tantalum or
columbium pentoxide for titanmum dioxade and to allow for the quantity
thus found (sce Columbium, § 11, (e) (1))

§ VI. Determination of Impurities in Tantalite.—(«) Columbium.—
The commercial chemist 15 occastonally required to assay samples of
tantalite (generally high-grade picked ores and coneentrates) for tan-
talum and columbium. the latter clement bemg considered harmful in
deprecrating the quahity of tantalum. It 15 well known that the figures
for columbium and tantalum reported by different operators on the same
sample oftcn disagrce to an extraordinary extent (as much as 20 per
cent. and even more), although the sum of the pereentages of the carth
acids may be n tolerable agreement.

These  diserepancies must be  attributed to faulty exccution of
Marignac’s process (which, at 1ts best, 15 aceurate to about 1 per cent.)
by mexperienced workers, most of whom undoubtedly follow the usual
teat-book direetions as to the quantity of potassium fluoride to be added.
That this amount 15 madequate for the separation has already been
pomted out under Columbiam, § IV, («).  In the absence of simpler
chemieal methods of separation a physical method has been proposed
by Foote and Langley.! It consists m determining the speeific gravity

1 Amer. Journ. Scu., 1910, 30, 393.
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of the mixed oxides and caleulating the proportion of the two constituents
from an empirically construeted curve. In our opmion this method
requires still more caution m ats appheation than Marignace’s 3 the
degree of accuracy 15 lower (2 ¢. about 2-2 per cent ), and the process
requires a farly large quantity of the pure mixcd oxides, henee more
orc has to be operated upon ; the oxides must be perfeetly pure, and
always prepared m exactly the same manner, which imphes tramng
and practice m the use of the method.

It has also been proposed to determine the speettie gravity of the
ore itsclf 5 this 15 a very quick method, but still less acceurate (re to
less than 5 per cent.).!

We would advise operators unfamiliar with the assay of tantahte
to carry out the determmation of the mixed acids m duplicate 5 1n one
portion the columbium 15 then determmed volumctrically. while the
other 15 treated according to Marignace’s (or Mceumberg and Winzer’s)
process.

(b) Other Impurities.—Small quantities of tin, tungsten, titanmum,
and siiea are the usual mmpurities of high-grade ores, antimony and
yttria carths bemg less fiequent. For the determmation of these
impurtties sce § VIIL

§ VII. Complete Analysis of Minerals containing Tantalum and
Columbium.-—- A scheme for the complete analysis of tantalum and
columbium nunerals must embrace the dcternunation of the following
constituents ¢ ti, antimony, tungsten, titantum, sihea, zinconmm, iron,
uranium, rarc carths, berylhhum, manganese, hme, and magnesia.
Bismuth, lead, and copper should also be looked for

(a) Stmpson 2 fuses one portion - a mcekel and another m a silver
crucible ; the first 15 used for the detcrnmation of tantalum, columbium,
tungsten, tin, antimony, cte., the second for metals and bases (see
tables).

Faurst Portion.—

Fuse T erm with KOH (N1 cruaible)  Take up wnh dilute HCL hilter
RY extiact hot with yellow (NH D8 tilter '

FU pass LN, hllm“ -

|
T
R: extract  with  dilute | 12 evaporate to dum ~Fe oxadase
|
|

P test
HCL filter m porcelam cruable L oxt- | with HN O | for Sb, Sn,
B — dise with HNO4 eva [ ppte twice : add to R»
R dissolvemn | 1'% reject | porate, tuse with KON, | with NH,OH ' e -—
HE, tume with |———————1 leach, flter ——— e ——
H,R0,, necutralise with |—we— —— —  —1 P7 dissolve ] F7 1eject
NH,OH, boil 3 hours with | R®  deter- | I evaporate jin HCL neutral v e
sahcvhe aad, filter mine Sbiwith HNOg 1se. ppte with Na,8,0,,
—————— —- - —| and Sn i add H,0. fil- {iemite, add ppte from 19,
I ppte  with | RY g [———— ter, 1gnite, | tuse with bisulphate, deter-
NH,OH, 1gnite | mte and \wngh WO, | mine 10,

ppto, tuse to-| weirgh
gether with P? Ta,05-+('b, () Dissohve 1 llh
apply Lovy 5 or Maugnm s> method

L Simpson, Bull West dustralia Geol Soc, 1906, 23, 71
2 Loc. ¢, § V, (a).
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Second Portion.—

Fuso 1 grm with KOILL (Ag crucible), take up with diJute HCY, filter.

R digest with (NH,),CO,, filker | 1! evaporate to dryness, take up with dilute
HCI, hlter
R? digest w1t,th2 r(,Jut, - e e - —_—
(NH,),S, nlter —— [ F%  pass H N, hlior R" 1gnite and weigh
2nd sihica

¥3  reject iR". digest with
1 O >
dilute HNO,, filtor _| P8 reject ‘ 6 oxidise with HNO,, ppte with

R¢- agmte, weich, | Ft r(‘]oct: —_ NH,OH+B1, tlter

treat with HF+H,S0,, - q | 107 ’
igmte with (NH,),('05, weigh lr"] d:;;”hvcv 1“} il}(,{, I determuno Ca, Mfg_.
agam , loss—1st sihca I‘Ttl . addoxahe e,

e

' rare earth oxalates

F®  barely m‘utmhse with I\H O, pour mto excess of
(sec Raro Earths, § VI)

(N1,),("04, add (NH,),S, filter

l’ n(ldlfv with  HCL, boil, ppte with
NaOH, filter

P®  determine Fe, Al Mn  Separate and
reject Ti (Titanmam, § 111, (u ). (d))

L'“ dtl(llf\ with HCI, ppto with
NH,OH, wgnite, weigh BeO

Pl «lhsnl\o m dilute H h() a(lju\t, acdity
to 1 percent , add Na,HPO, m(\u~~ and H,0,
Filter next day

Pt fuse with Na (U,. «\tl.ut with | l)ml to destroy H,0,, make alkaline
H,0, fuse residue with bisulphate, dis- [with NH,OH aadify with 1,80, add 5
solve, ppte with NH,OH, gnite, | s Na, \ 20 boil, add 10 ¢« « H:,(/O NH,
weigh ZrQ), i [Mlter, wmtu welgh (lr() ).P,0,

Third Portion : for Cu, Pb, B1, if present.— Digest 1 grm. of shmed
mincral with hot HCL  If much 1cmams undecomposed, add a httle
HF. Evaporate with HNO, (m poreclam), expel bulk of acid, dilute,
filter, rejeet residue. Pass 11,8, determune Cu, Pb, B precipitate.

Fourth Portwn : for S, it present.- ~Oxadise with HNO;+KClO,,
evaporate with HCl, filter, treat filtrate as usual for SO,

(b) If the ore under mvestigation 15 monazite sand, sce Rare Earths,

§ VIL, (a).



CHAPTER VIII.
THE SIXTH GROUP.

SELENIUM—TELLURIUM—MOLYBDENUM - —TUNGSTEN ---
URANIUM.

GENERALITIES.

The sixth group contains five rarer elements, the constitution of whose
highest stable oxides corresponds to the formula MO,  Apairt from
this common property, their chenneal behaviour justifies a subdivision
mto three sub-groups.

In the odd scries, selenum and tellurium are closely related to cach
other and to sulphur. This 15 brought out, wnter alia, m the simlarty
between sulphide, selemde, and  tellumde mmerals.  Selenium,  hike
sulphur, 15 non-metallic and acid-fornung  Tcllurium 15 more metalhie,
and though the trioxide 1s the anhydride of a strong acid, the dioxide
acts also as a weak base, giving unstable salts with nitric or sulphurie
acid.

Molybdenuin and tungsten are placed m the even series.  Therr
trioxides are distinetly acidie, and readily dissolve m weak alkali even
after 1gmtion.  They form with many other clements a large number
of acid complexces, the most familiar of which 15 phosphomolybdie acid.
In their relationship to each other molybdenum and tungsten are not
unlike columbium and tantalum, their respeetive neighbours in the
Table.

The properties of uranium assign to 1t a scparate place.  The trioxide
has acidie properties, and combines with alkalies forming diuranates,
which have the same formula as the dichromates; they are, however,
msoluble in water. On the other hand, the trioxide behaves as a base
1n presence of acids, and 1 exchanging one atom of oxygen against an
acid radicle gives rise to the most umportant series of uranium salts ;
these contain the bivalent radicle wranyl (UO,)”, which 15 very stable.
By reduction they are converted mto uranous salts, i which the metal
1s quadrivalent.

SELENIUM.

§ I. Minerals.—(a) Selenides.—(1) Clausthalite, lcad sclenide, PbSe,
1s lecad-grey, metallie, and resembles granular galena, with which 1t is
isomorphous. Streak dark grey, cleavage cubic. H 8; sp. gr. 7:6-8-8.
In Naumannite, silver predominates over lead.
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(2) Twemanmde, mereury sclemde, HgSe; dark grey, streak black ;
isometrie. 1 2:5; sp. gr. 8-2.

(3) Guanwyuatite (Frenzelite), bismuth sclemde, Bi,Se;;  1somor-
phous with stibmite.  Blush-grey, shimng  grey  streak. 11255
sp. gr. 6 2.

(K) Berzelwnite, cuprous sclemde,  Cu,Se. Silver-white,  shiming
streak. Sp.gr. 6 7.

(5) Crookesite, (Cu, TLAg),Se.  See Thallam, § 1.

(b) Other Minerals—(1) Chalcomenite, hydrous cuprie  sclenite,
CuSe0,.211,0.  Bnght blue transpatent monochnie erystals.

(2) Selen-tellurvwm.  Sce Telluriam, § 1.

(3) Selen-sulphur occurs 1 orange-red to brown crusts, containing
the two clements i variable proportions. Native selentum, which s
rare, contamns a small proportion of sulphur, while nativ e sulphur almost
my artably contams nunute amounts of selentum.

(4) Very small quantities of selentum occur i most sulphide nunerals,
such as pyrites and copper ores. The clement 1s therefore found n
by-products from metallurgical operations, such as flue-dusts, sulphurie
acid-chamber mud, and clectiolytie copper, cte., relinery sludge.

§ I1. Properties and Compounds.-- («) The element 1s known m several
allotropie modifications analogous to those of sulphur.  The red,
amorphous or collowdal, variety is produced by the reduction of scelenious
acid m the cold ; 1t 1s soluble m cartbon disulphide, as 15 also the vitreous
form, obtamced by rapid cooling from 2177, The solution m carbon
disulphide deposits red erystallime selenmum, which can be obtamed in
two modifications, both monochnie, one of which 1s 1somorphous with
sulphur  Sp. gr. 4 47 ; M.P. 1707-180°.  When fused it rapidly passes
over mto the black metallie variety, the temperature nsing to 217°, the
melting-pomt of the latter; sp. gr. £8, heaagonal, 1somorphous with
tellurum.  B.P. 680°.  The colour of the vapour 1s dark red, and its
denaty, hike that of sulphur vapour, deercases rapidly as the temperature
increases.  The metallie form conducts dectuietty, and its conductivity
15 transiently mereased during exposure to ight 3 m the dark, the resist-
ance gradually returns to its former maxmmum. Nitrie acid converts
selenium 1nto scienious acid.

(b) Selenaum dwoarde, S¢O,.  Sclenmmum burns 1 air or oxygen with
a blue {lame, when the dioxade 1s formed and can be colleetad i the form
of a white sublimate. The crystals are necdle-shaped, and aie con-
verted without melting mto a greenish-ycellow vapour at about 300°.

(¢) Selenious acud, 11,5¢04, formed by the action of nitrie acid on
the element, 15 a colourless solid soluble i water  The solution 1s reduced
by sulphur dioxide, hydriodic acid, hydroxylaming, or ferrous sulphate,
with precpitation of red sclenium. Neutral and acid sclenites are
known.

(d) Selenic acud, HyScOy, crystallises i colourless prisms, which
melt at 58°. It has a great allimty for water, with which 1t
forms a monohydrate (M.P. 25°). To preparc the acid, sclenium
or selenious acid 1s treated with chlorine m presence of water:
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H,Se0,+Cl,+H,0==H,S¢0,+2HCIl. This rcaction being reversible,
sclenic acid (as well as its salts) is reduced when heated with strong
hydrochloric acid, but it 15 not affected by sulphur dioxide. The
reduction to sclenium must therefore be done in two stages.

(e) Barwum seclenate, BaSeO,, becars a very close resemblance to
barium sulphate; 1t 1s, however, reduced and rendered soluble by
boiling with hydrochloric acid (d).

(f) Selenosulphur trioxide, ScSO;.  Sclemmum dissolves with green
colour mn strong sulphurie acid, the above compound being formed.  The
green solution upon addition of water 1s decolorised, and red sclenium
precipitated.

(g) Hydrogen selenide, H,Sc, prepared from iron or potassium selenide
and hydrochlorie acid, 1s a colourless, poisonous gas of most offensive
odour. It precipitates sclenides when passed through solutions of heavy
mctals.  Dccomposes at 150°.

(k) Although sclenious acid yields a yellow precipitate with hvdrogen
sulphide, no definmte sulphide of selenium appears to have been prepared.
The preeipitate, which 1s a mixture of selentum and sulphur, 1s soluble
m alkalime sulphides.

(?) Potassium selenocyanate, KCNSe, 15 formed when amerphous
sclenium 1s dissolved m potassium cyanide solution, or by fusion of the
clement or 1ts compounds with the salt m a hydrogen current.  The
aqueous solution 18 decomposed by hydrochlorie acid, selenum being
precipitated.

§ III. Quantitative Separation.—The separation of sclentum from
most elements 1s based upon the followmg properties . precipitation
by sulphur dioxide or hydrogen sulphide ; solubility of the clement 1
cyanide solution or nitrie acid, and 1ts volatibty m a chlorme current ;
formation of sodium selenate by fusion with carbonate and nitrate.

(a) Separation from Gold—The clements preeipitated by sulphur
dioxide arc boiled with dilute nitrie acid, sclenmmum dissolving 5 the
filtrate 15 evaporated with hydrochlorie acid and sodium or potassium
chloride (to prevent loss of selentum by volatilisation), and agam preci-
pitated with sulphur dioxide.

(b) Separation from Siver.—The nitric acid solution 1s treated with
a shght excess of hydrochlorie acid to preeipitate silver chloride ; the
filtrate 1s treated as under ().

(¢) Separation from Arsenic, Antumony. and Tin.—The chloride
solution containing one-third of its volume of strong hydrochlorie acid
is preaipitated with sulphur dioxide and the selentum colleeted on a
tared filter. In prescnce of much antimony. the addition of tartarie
acid is nceessary.

(d) Separation from Lead, Copper, and Alhaline Earths.-—The
material is fused with a mixture consisting of two parts of sodium
carbonate and one of nitrate; the filtered solution of the melt, con-
taming sodium selenate, is evaporated with hydrochloric acid, and the
sclenite thus formed reduced to sclenium by sulphur dioxide or sodium
sulphitc.

10
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(e) Separation from large quantities of Copper.!—Small quantities
of sclenium (and tellurium) in presence of large amounts of copper are
precipitated as ferric sclenite (tellurite) by adding 025 grm. of iron,
dissolved 1 mtric acid, to the mtrate solution, and precipitating hot
with ammonia. The copper is removed by washing, followed by solu-
tion and re-precipitation. The ferrie hydroxide 1s dissolved in hydro-
chloric and tartaric acids, the solution made alkaline with caustie potash,
and precipitated with hydrogen sulphide. The filtrate is acicdified with
hydrochloric acid, and left n a warm place until hydrogen sulphide is
expelled.  The preeipitate 1s dissolved 1 aqua rega, the hiquid evapo-
rated with hydrochloric acid after addition of a little sodium chloride,
the residuce taken up with 10 c.c. of hydrochlorie acid (1 175) and 15 e.c.
of water, and the solution saturated with sulphur dioxide. Selenium
and tellurium arc separated according to (k).

(f) Separation from Bismuth.—(1) The shghtly acid chlorde solu-
tion 1s diluted with water to preeipitate bismuth oxychlonde;  the
filtrate 1s concentrated and preciprtated with sulphur dioxade.  (2) The
preapitated clements are digested with cyanide solution to extract
selenium.

(g) Separation from Mercury.—By treating the strongly acid chlonde
solution with ferrous sulphate, selemum 1s precipitated.

(h) Separation from Metals of the Ammmoma and Alkaline Earth
Groups.—Hydrogen sulplide 1s passed through the solution acidified
with hydrochlore acid.  The preeipitate 1s digested with eyamde, or
dissolved 1 aqua regra, cte., as under (e).

(?) Separation from non-Volatile Elements.—In presence of large
quantitics of fixed compounds small amounts of selenum and tellurium
are conveniently recovered by heating the materal in a chlorine current
and passing the gas mto a receiver contaming 20 c.c. of hydrochlorie
acid (1-175) and 30 of water.  Chlorne 15 expelled by heating the hquid,
which 1s then treated with sulphur dioxide.

(g ) Separatwn from Sulphur.—The elements are oxidised with
potassium chlorate and mtrie acid, the resulting hiquad being freed from
nitric by evaporation with hydrochlorie acid.  Selenium 1s then preceipi-
tated by sulphur dioxide or potasstum 1odide.  If the sulphur also 1s to
be determined, the hydrochlorie hquor contaimning sulphurie and sclentous
acad 15 precipitated with barmum chloride as usual; the excess of barium
in the filtrate 1s removed by sulphurie acid, after which sclenium s
precipitated as indicated above.

(k) Separation from Tellurium.—(1) The precipitated clements are
digested for cight hours with potasstum cyanide solution on a steam-bath
to extract sclentum. The bulk of the tellurium remains unaffected,
but a small part goes mto solution as tellurite.  The filtered solution is
treated with cxcess of hydiochlorie acid and left to stand in a warm
place, when the sclenum 1s slowly deposited. The liquid should stand
one to sceveral days before filtering.  The small quantity of dissolved
tellurium 1s recovered by warming the filtrate from the selenium with

1 Whitehead, Journ. Amer. Chem. Soc., 1896, 17, 280.



SELENIUM. 147

sulphur dioxide and filtering after twenty-four hours; this precipitate
is added to the insoluble residue from the eyanide treatment.?

The above process is more satisfactory than fusion with eyanide and
precipitation of tellurium by the passage of air through the solution of
the melt, as part of the tellurium 1s oxadised and escapes precipitation.

(2) The chloride solution, containing at least four-fifths 1ts bulk
of strong hydrochbloric acid, 1s saturated with sulphur dioxide @ selentum
alone is preaipitated.?  The filtrate is diluted with an equal volume of
watcr and again saturated with sulphur dioxide : tellurtum 1s now thrown
down. Each preeipitate 1s collected on a tared filter, washed, dried
and weighed.

(8) Another method, mmvolving the use of more elaborate apparatus,
1s based upoun the greater volatility of selemmum tetrabromide over that
of the tellurium compound.®* The process 15 not so swtable for ore
analysis as the two preceding.

§ IV, Gravimetrie Determination..—Sclemum is always weighed as
the element ; the waghing 1s carried oul on a tared filter.

(a) If nitric acid 15 present i the solution to be precipitated it must
be expelled by scveral evaporations with hydrochlorie acid, the vola-
tihsation of selentum bemg prevented by addition of alkah chloride.
Selenic acid must first be reduced to selenious by the same treatment.
The hquid, containing at least 30 per eent of 1ts bulk of hydrochlorie
acid (1-175), 1s trcated with sulphur dioxade or sodium bisulphite at
boilling heat (fiftcen minutes), when the red precipitate 15 converted
into the black modification, which 1s casier to filter and wash.  The
filtrate 1s again reduced to make sure that precipitation 15 complete

(b) Reduction may also be accomplished by means of potassium
1odide (8 grm. exceess) m not less than 400 c.e. of solution acidified with
hydrochloric actd.*  The hiquid 15 botled ten to twenty minutes to expel
10dine and cffcet the change to black selenium.  Selenie acid 18 reduced
by iodide on warnung, henee for this compound the process 15 more
rapid than the preceding.

(¢) From solutions contamning sclenoeyanate the clement 1s preeipi-
tated by adding an excess of hydrochlorie acid, heating for some time,
and filtering after one to several days  When scleniferous material 1s
fused with eyamde m hydrogen, the solution of the melt contans a
little sclemde 1n addition to sclenocyanate. In this case the liqud s
boiled for some tunc previous to acidification, whereby the selemde 1s
converted mto sclenocyanate.  Without this precaution, a small part
of the selemum would escape as hydrogen selemde.

(d) The determmation as barium scelenate 1s not to be recommended.
The precipitate 15 more soluble, and has greater adsorbtive power for
salts, than barium sulphate.

§ V. Volumetric Determination.—(«) lodometric  Determination of

1 Crookos, Select Mcthods, 1905, 417

2 Keller, Journ Amer Chem NSoe, 1897, 19, 771

3 (ooch and Peirce, Amer Journ Scv, 1896, 1, 181,
4 Peirce, Amer. Journ. Sci., 1896, 1, 416.
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Selenious Acid.—(1) Sclenious acid reacts with iodide in acid solution
according to the equation ScO,-+4111= Se | 21,0+ 4I. The usual pro-
cedure (7.e. distillation of the hberated 1odine) yields shghtly low results,
because a little 10dme fals to volatilise.  Henee Gooch and Peiree !
allow a known exeess of 1odide to react on sclenmous acid in presence
of more than suflicient arsenie acid to decomposce the exeess iodide :
H;AO,+ 211 =11;A50,+11,0 | I,. After the odine has been boiled
off, the arsemious acid formed 15 determined by 1odme solution @ the
balance of the odine hiberated by sdenous aeid 1s thus found by
difference.

The process 1s carried out 1 a 300 c.c. comeal flask ; to the solution
of selemous acid are added a measured volume of potassium iodide
solution—-a <olution contaming about 2 grm. of acd potassium
arscnate, and 20 c.e. sulphurwe acid (1+1)  The hquid 1s boiled down
from about 100 to 35 cc.. cooled, almost neutrahised with caustie
potash, made alkaline with cxeess of 20 c.e. of strong potassium
bicarbonate solution, and ttrated with N/10 10dine.  An equal volume
of the potasstum 1odide solution used m the deternunation 15 now
titrated with N/10 thiosulphate m presencee of exeess of potassium
arscnate and sulphurie acid  The difference between the second and
the first titration gives the quantity of 1odine (in terms of e.e. N/10
solution) iberated by the selemous acid  N/10 wt of ScO,—0 00278
grm. per e.ce.

(2) Norrs and Fav 2 digest an acid solution of selenious acid with a
known excess of thiosulphate. when one moleeule of ScO, acts on four
of Na,5,0;, somewhat simularly to jodine -

H,S¢0; 4 #Na,S5,0;+ +T1CT - Na,S,S¢0, 4 Na,S,0, - tNaCl-++31T,0.

The exeess of thiosulphate 1s measured with odine

The solution of sclemous acid 1s diluted with iee-water, treated with
10 c.c. of hydrochlorie acid (1 12) and a measured exeess of N/10 thio-
sulphate solution, and left to stand for twenty-four hours.  The liquid
is then titrated with N/10 1wdime solution  The wodide contained m the
1odine solution must be free from 1odate, and the thiosulphate solution
free from sulphite @ the latter must consume the same amount of 10dine
solution m acid as m neutral solution  The results obtained are ighly
concordant.

(b) Determwnation of Selenie Acid.~-Sclenie 15 first reduced to sele-
nous acid, which latter 1s then tittated as explamed before.

(1) In applymng the mcthod given under (@) (1), the solution of
sclenie acid must be boilled with 1 grm of potasstum bromide and 20
c.c. of sulphurie acid (1 : 1) until the volume has been reduced to about
35 c.c. and the hquid, after decoloration, agam becomes coloured. The
cooled solution 1s then treated with potassium 1odide and arsenate, cte.,
as above. Sclenious acid is more readily reduced, but selenie less so,
by iodidc than arsenic acid.

Y Amer Journ Sci., 18986, 1, 31
2 Amer Chem. Journ., 1896, 18, 703 ; 1901, 28, 119.
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(2) For the determination of sclenic acid by the thiosulphate method
(@) (2), the solution containing 25 c.c. of strong hydrochlone acid and
diluted to 100 c.c. is boiled for onc hour, carc being taken to keep
the volume above 75 c.c. The solution 15 then cooled, diluted with
ice-water, and digested with thiosulphate.

(¢) Stmultaneous Determination of Selenwous and Selenic Acids.-—
Selcnic acid is without action on thiosulphate, henee selenious aeid ean be
determined in 1ts presence according to (a) (2). Another portion of the
solution 1s reduced as under (b) (2), giving total sclenium in terms of ScO,,.
The cxcess of ScO, found m the sccond titration 1s caleulated to ScO;.

§ VI. Colorimetric Determination.—Scveral processes are v use for
determining selenium  colorimetrically.  They are based on the con-
version of selenious acid into amorphous or colloidal sclentum by means
of various reducing agents (e.g. stannous chloride ; see § VIIL (¢))
and comparison of the reddish tint with that produced by a solution of
sclenous acid of known strength.  The method of Meyer and von Garn,?
described below, 1s the most sensitive, as the colour 1s mtensified by the
separation of 10dine, which takes place when sclenous and hydrodie
acids mteract (§ V, («)). Five c.c. of the solution under mvestigation,
and a stmilar volume of a standard solution, are transferred to Nessler
tubes provided with a stopcoch ncar the bottom. To cach eyhnder
arc added 70 c.c. of purest distilled water, one drop of protective
colloid (gum arabic), and 5 c.c. of 5 per cent. hydrochloric acid.  After
making up to 99 c.c. and stirrmmg well, 1T c.e. of 30 per cent.
potassium 1odide 15 mixed m, the tints being matched after five
minutes’ standing by withdrawing a swtable quantity of hqud {rom
the tube m which the colour s strongest mto a measuring eyvhinder.
0:0001 grm. of 5S¢0, can thus be determuned m 100 ¢ ¢. of solution.

§ VII. Detection in Ores.—(«) A particle of a nuneral rich in selenium,
heated on charcoal i the reducing flame, enuts fumes of a penetrating
odour, commonly compared to that of putrid horse-radish.

(b) The ore, or the portion of the hydrogen sulphide precipitate
soluble 1in sodium sulphide, 15 fused with sodium carbonate and mitrite ;
the melt 15 dissolved m water, and the filtered solution boiled with an
excess of hydrochlorie acid to expel nitrous fumes and reduce the selenate
to sclenite.  The cooled solution 1s saturated with sulphur dioxide, red
sclentum being preaipitated At the boiling-point of the hquid the black
modification will separate, but sclentum 1s soluble m strong sulphurie
acid with green colour ; this solution becomes colourless upon dilution,
and sclentum s preeipitated m form of the red modification.  (Distinetion
from tellurium.)

(¢) The mineral (or the preaipitate, as under (b)) 1s fused with potas-
stum cyanide 1 a current of hydrogen. The liltered solution of the
melt after addition of cxcess of hydrochlorie acid gradually deposits a
red precipitate.

(d) Ores poor in sclenium may be heated mn a chlorine current in a
glass tube, the drawn-out end of which dips into dilute hydrochloric acid.

1 Z. anal. Chem., 1913, 53, 29.
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The heat is applied for an hour, gently at first, later at dull redness,
after which the acid solution 1s saturated with sulphur dioxide and left
to stand overnight if necessary. A red precipitate proves presence of
selenium.

(e) For the simultancous detection of sclenium and tellurium the
precipitate produced by sulphur dioxide (sce (h) and (d)) is digested
with eyamide solution : sclemum is dissolved, and re-precipitated from
the filtrate by acid, as under (¢); the black residue is tested for tellurium
as explained under Tellurium, § VI, (a).

§ VIII. Determination in Ores.—(«¢) A mcthod of gencral applica-
bility consists 1 fusing the ore with sodium carbonate and nitrate,
leaching, filtering, acidifying with hydrochlorie aeid, and cvaporating
to destroy mitrates and reduce selenates.  The residue 1s taken up with
hydrochloric acid (1:2 waler), and the hot solution saturated with
sulphur dioxide. By substituting sodium mitrite or peroxide for nitrate
in the flux, the evaporation of the solution with hydrochlorie acid is
obviated : simple boihing with the Iatter suffices to destroy the oxidiser.
In practice the usefulness of the method 15 Iumited, as it 1s not convenient
for the determination of small quantities of selentum in common sulphide
ores @ alarge amount of ore must be taken, and this requires considerable
flux and a crucible of inconvenient size, wlile the concentration of
sodium chloride in the solution to be reduced with sulphur dioxide 1s
such that a bulky preeipitate of this salt would be produced if the
solution were acidified sufficiently to effect separation from tellurium
(sec § 111, (k) (2)).

(b) For ores contaming the sclentum as selemde (2.e. the great majority
of cases) the volatiisation method mav be adopted.  This consists in
heating the ore, contamed m a combustion tube, m a current of chlorine.
The heat should not exceed dull redness ; the treatment 1s continued
for an hour. The gas 1s made to traverse two reecivers placed in series,
containing dilute hydrochlorie acid (1 : 1), in which the selenium collects.
The acid 1s then heated on a water-bath to expel chlorine, after which
the acidity 1s adjusted so that the iquad contams four-fifths of its bulk
of strong hydrochloric acid (§ U1, (k) (2)). The hot Iiquor 1s saturated
with sulphur dioxide (§ 1V, (a)). Other clements are also (at lcast
partly) volatihsed as ehlorides, cluefly arsenie, antimony, bismuth, 1ron,
vanadium, sulphur: they do not mterfere with the gravimetrie estima-
tion of selemum by precipitation with sulphur dioxide ; nerther does
tellurium, which, though completely volatilised, 15 not redueed in the
strongly acid hiquor.

(c) Determination of small quantities of Selenvum n Pyrites.—
The determination of selenium i pyrites is the most frequent case in
metallurgical analysis.  The two methods given below have been
proposed :—

(1) Method of Grabe and Petren.!—Ten grm. are dissolved in aqua
regia ; when the ore is decomposed, 15 grm. of anhydrous sodium car-
bonate are dissolved 1n the acid, which is then taken to dryness. The

1 Kems och Bergsvetenskap, 1910 ; Journ. Soc. Chem. Ind., 1910, 29, 945.
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residue is digested and evaporated with 50 c.c. of strong hydrochloric
acid (several times if neeessary) to destroy all the nitrie acid, after which
the solution 1s made up to 100 c.c. and filtered. Should the residue and
filtrate show any indication of a red colour (due to free selenium), the
assay must be again treated with nitrie acid, and the latter destroyed as
before. 'The filtrate 1s warmed Lo about 50°, reduced with a saturated
solution of stannous chloride n strong hydrochlorie acid, and digested on
a water-bath for two hours. The precipitated selenium s filtered on
a small plug of asbestos, ,washed with warm hydrochlorie acid (1-06),
and returned to the beaker, where 1t is dissolved 1 10 c.e. of strong
hydrochloric and two drops of nitric acid. The <olution 1s then warmed
to expel all chlorine, diluted to 150 c.c., and treated with a measured
excess of thiosulphate solution ; thisis determined by iodine (§ V, (@) (2)).
The latter 1s made of such strength that 1 c.c.=1 mgrm. Se (6 4 grm.
per lhitre).

Instead of procecding as deseribed for the volumetrie assay, the solu-
tion of sclenous acid (obtamned by dissolving the sclenium i hydro-
chlorie and two drops of mitrie acid) 15 preeipitated by stannous chloride
m the cold ; the red colour of the colloidal selenum 1s matehed agamst
a standard solution of selenious acid, treated i the same manner.
(Tellurmum mterferes with the colorimetrie determination.)

(2) Accordmg to Klason and Mcllquist,! the ore 1s dissolved in hydro-
chlotic acid and potasstam chlorate.  After chimmating free chlorine,
the msoluble gangue 15 removed by filtration, and the ron reduced with
zine. More hydrochlorie acid 1s added, and the sclentum preeipitated
with stannous chloride at boiling heat. It 1s filtered on ashestos, washed
with hydrochloric acid, dissolved in eyanide solution, and re-precipitated
by adding hydrochlorie acid and passing sulphur dioxide.  Any arsenic
15 thus left in solution and separated from sclenmum.  The latter is
filtered on a plug of asbestos contamed m a hard-glass filtering tube
28 cm. long.  After washing, the tube and its contents are dried, a
scecond asbestos plug mserted m the other end, and a slow current of
oxygen passed through the tube while the sclentum s gently heated and
driven towards the other end. The oxygen current 1s then reversed,
and the sclentum again driven back by gentle heating 5 this operation
is to be repeated until the sublimate shows a pure white colour. It is
next dissolved in watcer (100-300 c.c.), the latter allowed to flow mto a
glass-stoppered flask, and two to ten drops of hydrochloric acid added.
according to bulk. After warming on the water-bath the air 1s expelled
from the flask by carbon dioxide, and potassium rodide (2-5 grm.) added.
This is dissolved by shaking the stoppered flask, which 15 then cooled
and left to stand an hour mn the dark. The hiberated 10dine is titrated
with N/100 thiosulphate (1 c.c.=0-000198 grm. S¢).  Tellurium does not
interfere in this process, as the dioxide 1s insoluble in water and remains
behind in the filtering tube.

§ IX. Complete Analysis of Ores.—See Tellurum, § VIII.

v Arkiv Kem., Mwn. Geol , 1911, 1912 ; Journ. Soc. Chem. Ind , 1912, 81, 331.
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TELLURIUM.

§ I. Minerals.—(a) Gold (Silver) Tellurides.—(1) Sylvanite (graphic
tellurium), (Au,Ag)Tc,, steel-grey to silver-white monochnic crystals
of metallic lustre.  H 1-5-2; sp. gr. 7-9-8-8.

(2) Calaverite contamns more gold than sylvamte. Pale yellow.
H25; sp. gr. 9.

(8) Petate, (Ag,Au),Te, is 1ron-grey to black; lustre metallic.
H 2-5-3; sp.gr. 87-9:0. As the amount of gold deercascs, 1t graduates
into hessute, Ag,Te.

(4) Nagyagute, perhaps (Au,Pb)y(Te,S,Sb);; dark lead-grey colour
and strcak. H 1-15; sp. gr. 6:8-7 2.

(b) Base-metal tellurides.— (1) Altaite, lead tellunide, PbTe, is tin-
white, of mectallic lustre, and cubiec habit and cleavage. I 8; sp.
gr. 8-2.

(2) Colmadowte, mercurie tellunde, IHgTe. Iron-black, mctallic
appearance. I 3; sp. gr. 8 6.

(8) Tetradynuie, ismuth sulphotelluride, Bi(Te,S);.  Steel-grey
‘hexagonal erystals 3 marks paper.  H 1-2; sp. gr. 7-4.

(¢) Other Manerals.—(1) Tellurvim occurs native ; the erystals are
hexagonal, of tin-white streak and colour. I 2-2-5; sp gr. 6-2.

(2) Selen-tellurium, TeSce,, 15 hesagonal, hike the preceding.  Dark
grey, streak black.

(8) Tellurite (tellurie ochre), impure TeO, 5 ycllowish, carthy.

(4) Tellurum 1s generally associated with gold, silver, and bismuth
ores, but nunute quantities are found, hike sclenium, m copper ores,
and likewise find their way mto the anode mud.

§ II. Properties and Compounds.—(«) The element may be obtained
amorphous, by reduction of tellurous or telluie acid solutions, as a
black preeipitate.  On heating, 1t changes mto the erystalline varicty,
which 1s silver-white and of metallic appcarance, but very bnttle.
Sp. gr. 627; M.P. 452°. It boils at about 1400°, giving a golden-
yellow vapour. Insoluble m carbon disulphide, soluble m mtrie (¢) or
strong sulphurie (e) acid

(b) The droaide, TcOy, 15 formed when tellurium burns i the air; 1t
is a white erystallme mass, only very shghtly soluble in water, which
can be fused and sublimed.

(¢) Tellurous acid, H,TeO;. The solution of tellurium i mtre
acid contains an unstable mitrate and, when caused to erystallise out,
deposits small octahedra of tellurium dioxide.  If the nitric acid solution
is poured mto water, a volummous white preeipitate of tellurous acid
is obtamed. Tts solubility m water 15 very shght. The solution is
reduced by sulphur dioxide (but not by ferrous sulphate), tellurium
bemng preeipitated.

(d) Telluric acid, 1,Te0,.2H,0 or HgTcOq, 1s prepared by dis-
solving tellurium in a mixture of mtric and chromic acids, and purifying
the crystaline mass by solution in watcr and re-precipitation with
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nitric acid. The crystals lose water at 160°, being converted mto a
white powder of allotelluric acid, (H,TeO,),. This 1s very slowly soluble
in water, producing a solution of the hydrated acid. Sulphur dioxide
or hydrogen sulphide reduce 1t to tellurium, hot hydrochloric acid to
tellurous acid (¢f. Selenie acid).  Tellurates arc formed by the action
of chlorine on tellurite solutions.

(e) Tellurvum sulphoaide, TeSO,.  Tellurium  dissolves 1 warm
strong sulphuric acid, forming a red solution which contains the above
compound. On further heating this 1s oxidised with formation of a
colourless unstable sulphate, but the addition of a little tin-foil restores
the red colour. The red solution 1s decolorised by dilution with water,
black tellurium being precipitated.

(f ) Hydrogen telluride, H,Te, 1s formed by the action of acids upon
certamn tellurides.  Its properties are similar to those of hydrogen
sclemide, but 1t 15 much more unstable, decomposing at 0°.

(g) A defimite sulphide of tellurmum has not been isolated from the
precipitate produced by hydrogen sulphide in solutions of tellurium
compounds. The preeipitate 15 soluble 1 alkaline sulphides.

(k) Potassium telluride, K,Te, 15 present 1 the melt resulting
from the fusion of tellurrum with potassium eyanide.  The solution
m water has a reddish colour, when arr 15 condueted through it,
tellurium is preeipitated. Unlike selenium, tellurtum 1s msoluble in
cyanide solution.

(2) The substance known as rado-tellurium 1s an 1sotope of tellurium,
which has been identified as radium F (polonum).

§ III. Quantitative Separation.—The micthods applicable to the
separation of tellurtum as well as selentum from the following clements
have becn discussed under Selenmum, § IILL 2 copper, arsenie, tin, sulphur,
metals of the ammonia-ammonium sulphide and alkaline carth groups,
and non-volatile clements  The separation from selentum 15 given 1
the same paragraph (k). Processes by which tellurum 1s separated
from those clements with which 1t 15 ordmarly associated are given
below.

(a) Separatron from Gold.— (1) The clements preeipitated by sulphur
dioxide are digested with nitrie acid, tellurtum dissolving.  (2) Gold
alone s precpitated by ferrous sulphate or oxalie acid from the aeid
chloride solution free from nitrie acid.  The filtrate 15 reduced with
sulphur dioxide to precipitate telluriam.

(b) Separation from Sudver—This metal 15 precipitated as chloride
from the nitrate solution.  Suflicient nitriec acid must be present to
prevent the preeipitation of tellurous aeid.  For the treatment of the
filtrate, sce § IV, (b).

(¢) Separation from Antimony.—Precipitation with sulphur dioxide
yields tellurium contaminated with antunhony. A good scparation ! is
effected by passing hydrogen sulphide through the solution contain-
ing hydrochloric and tartaric acids, the gas being made to act for
several hours. The precipitate 1s dissolved 1 a small excess of warm

1 Muthmann and Schroder, Z. anorg. Chem., 1897, 14, 433.
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potassium sulphide, the solution poured into hot hydrochloric acid
(sp. gr. 1100) contaiming tartaric acid, and digested some time. The
precipitate consisting of tellurtum and sulphur is filtered off, and washed
with 20 per cent. hydrochlorie followed by tartaric acid. It is treated
with fuming nitric acid, the tcllurium being weighed as dioxide
(§ 1V. (a)).

(d) Separation from Lead—The nitrie acid solution 1s made alkaline
with caustie soda, and preaipitated with hydrogen sulphide. The
filtrate from the lcad sulphide s aciditied, and left to scttle for some
time; the precipitate contains the tellurmim muxed with sulphur, and
antimony 1f the latter was originally present (see (¢)).

(e) Separation from Bismuth.--(1) Bismuth 1s precipitated as oxy-
chloride by diluting the hydrochlorie acid solution with a sufficiency of
water,

(2) The tellurium precipitate obtained by sulphur dioxide from a
mixed solution (such as is obtained when minerals containing tellurium
and bismuth arc heated m  a current of chlorine) 15 contaminated
with bismuth, from which 1t can be freed by solution mm mtrie aed,
evaporation with hydrochloric acid, and re-preaipitation with sulphur
dioxade.

(f) Separation from Mercury —By the action of phosphorous acid
on the cold dilute solution of the chlorides, the mereury 15 removed as
mercurous chlornide  'The filtrate 1s treated with sulphur dioxade
TV, (b)).

§ IV. Gravimetric Determination.—(a) Tellurium 1s weighed cither
o such, after having heen colleeted and dried on a tared filter ; or as
a¢ dionide, which 1s obtamed by dissolving the sulphur dioxide or
nydrogen sulphide precipitate i nitrie acid (2:1 water) containing
a few drops of sulphurie; this solution 1s evaporated to dryness
and the residue gently 1gmted m a  weighed poreclain dish  or
crucible.

(b) The preeipitation of the element by sulphur dioxide must be
preceded by evaporation with hydrochlorie acid (with addition of
alkali chloride 1f not already present) if any mtrie acid 1s present m
the solution.  The residuc 16 dissolved m dilute acid containing neither
more than 50 nor less than 30 volumes of hydrochlorie acid (1-175)
per cent.  Small quantities of tellurium scttle out after several days’
standing. The precipitate 15 washed with sulphur dioxide solution,
then water.

(¢) Tellurmum 1s also precipitated in the metallic state when an
alkalime solution of tellurous acid 15 heated for about twenty minutes
with pure glucose ;2 the preceipitation takes less time than by the pre-
ceding method, but the gluegse of commeree gencrally contains more
or less calerum sulphate. A serviecable product may be obtained by
inverting chemically pure cane-sugar.

§ V. Volumetric Determination.—(a) Determination of Tellurous

1 Keller, loc cit., p 147.
%z Stolba, Z. anal. Chem., 1872, 11, 437.
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Acid—(1) Permanganate Methods.—Tellurous is oxidised to telluric
acid by permanganate, either in sulphuric acid or n alkaline solution.
Chloridc solutions must be evaporated with sulphuric acid on a steam-
bath, then for a short time on a sand-bath.

(a) In Acid Solution.) — An excess (N c.c.) of N/10 permanganate
is added to the cold solution acidified with sulphuric acid, followed
by one-third to one-half the volume of permanganate in N/10 oxalic acid
(2 c.c.).  On slight warming, decoloration occurs. The solution 1s then
heated to 60°, and the excess of oxalic acid titrated with N/10 perman-
ganate (n c.c.). The quantity of TeO, is calculated from the formula

N—(m—n)o*o—(—)»m-——’?f’
1-011

in which the fraction represents the cmpirical value of 1 c.c. of N/10

permanganate, 1t having been found that a small, constant fraction of

the oxygen takes no part in the reaction, but escapes as such.

(B) In Allaline Solution.—Several modifications of this process
have been worked out; they differ only 1in the manner m which the
excess of permanganate 15 ascertained.

Brauner 2 adds exceess of N/10 permanganate, acidifies with sulphurie
acid, and decoloises by shght warming with N/10 oxalic acid (about
one-half the volume of the added permanganate); the excess of oxalie
acid 15 measured by N/10 permanganate at 60°. The caleulation is
made, using the same symbols as above (a), by means of the formula

0 007975
N —(z—n) 2207975,
(@—=n) 35035

The numerator 15 agam the N/10 weight of TceO,, and the denominator
an empirical correction. By standardising the permanganate directly
against pure tellurous acid no empirical factor 15 needed in the above
processcs.

Norris and Fay 3 dircet adding an excess of 20 c.c. of 10 per cent.
caustic soda to the tellurite solution, then a deaded excess of N/10
permanganate. The liquor 1s diluted with 400 c.c. of 1¢e-cold water and
treated with 10 c.c. of 20 per cent potasstum 1odide solution.  Dilute
sulphuric acid 1s then added until the solution just becomes clear, when
1t is titrated with N/10 thiosulphate.  One c.c. N/10 permanganate
=0 007975 grm. TeO,.

In the method claborated by Gooch and Peters,? the 10dine, liberated
as m the preceding process, 15 titrated with arsemite solution, after the
small amount of frec sulphuric acid has been neutralised and a suitable
cxcess of bicarbonate added. The end-pomnt 1s marked by the dis
appearance of the yellow colour, no starch being added

1 Brauncr, Monatshefte fur Chemie, 1892, 12, 34
% See preceding footnote

3 Amer Chem. Journ , 1898, 20, 278

4 Amer. Journ, Scr., 1899, 8, 122,
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(2) Stannous Chloride Method.'—Tcllurous acid 1s reduced in hydro-
chlorie acid solution by a measured volume of stannous chloride solu-
tion m excess @ TeCly +25nCly=Te {-25nCl, ; the latter 15 determined
iodometrically.

The boihing hot acid solution contained 1n a 100 c.c. graduated flask
Is treated with stannous chlorde until a further addition of the recagent
fails to produce a precpitate and the hquid clears. The volume 1s
made up with cold boiled water, a hittle bicarbonate bemng added to
expel air from the neck of the flask. While the latter 15 being cooled
m water, the stannous chloride solution 15 standardised against N/20
1odme.  When cold, the volume 1s once more adjusted, and an aliquot
part titrated with the 1odine solution.  If the finely divided tellurum
docs not scttle, 1t must be filtered off.  This 1s best done m a filtering
tube contaming carbon dioxide, the filtrate beng received m a ﬂask
filled with the gas.  As the stannous chlonde unde rgocs oxidation to
a shght extent during the operation, a blank assay 1s put through the
whole process under 1dentical conditions, and the difference between
the standard and the blank added to the volume of 1odine consumed
by the cxcess stannous chloride.  One  c.e. N/20 1odine solution
=0 001994 grm TecO,.

(b) Lodometric Determaination of Telluric Acwd.” —The direet redue-
tion of tellurie acid by 1odides does not give concordant results, but
with bromndes the reaction proceeds uniformly, thus: TeOy+2HBr
=TcO, + H,O+DBr,. Lhe tellurate solution 1s distilled with 8 grm. of
potasstum bronude and 10 c.e. sulphurie acid (1: 1) per 50 c.c. bulk.
Two recervers placed moseries contain a solution of 3 grm. of potassium
1odide, the first 15 placed in cold water.  The distillation 1s continued
until the volume of the hiquid has been reduced to 20 c.e 5 the last of
the bromune 1s expelled by a current of carbon dioxide.  There should
be no rubber connection between the distilhing flask and the first
receiver.  The odipe m the distillate 1s titrated with N/10 thiosulphate,
of which 1 c.c =0 008775 grm. TcO;,

§ VI. Detection in Ores.—(«) Strong sulphuric acid when warmed
with tellurtum, or a picked particle of a telluride mineral, acquires
a carminc colour. When the cold acid 15 diluted with water the colour
15 discharged and black tellurtum  precipitated (§ 11, (e)). Oxadised
tellurlum nuncrals yield the same coloration 1f a small picee of
tin-foil 15 added to the acd.  Iron, 1f present, imterferes with the
test.

(b) The lead button obtamned by crucible fusion, as m the gold-silver
assay, 1s dissolved m dilute mitrie acid.  The solution 1s diluted and a
bright strip of lead-foil mserted.  Any black deposit 1s dried, rubbed off,
and heated with sulphuric acid and tin-foil (sce (a)).  Alternatively,
the acid solution 15 treated with enough ammonia to produce a shght
precipitate.  The latter, which contains the bulk of the tellurium, 1s
heated with sulphurie acd and tin-foul.

1 Brauner, Z anal Chem , 1891, 30, 707.
# Gooch and Howland, Z. anorg. Chem., 1894, 7, 132.
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(¢) Ores poor m tellurium may be tested cither by the preceding
method or that given under Selentum, § VII, (d) (i.e. heating in a
chlorine current). The dilute acid containing the volatilised chlorides
is in this casc necarly ncutrahsed with soda or ammonia, saturated
whilst warm with sulphur dioxide, and left to stand overmight. If a
black precipitate has deposited, 1t 15 tested with sulphurie acid as
under (a).

(d) Simultaneous Detection of Tellurium and Selenrum.—Fusion of
the ore (or the hydrogen sulphide precipitate) with sodium carbonate
and nitrite 15 applicable to the detection of tellurmmum  as  well
as sclenium (Sclenium, § VII, (b)); detection of both clements,
ibid., (e).

§ VII. Determination in Ores.-—-The first mecthod here given effeets
a rapid scparation of tcllurtum from heavy metals i complex rich
telluride minerals, while the last 1s better adapted for the determination
of very small quantitics.

(a) 1-4 grm. of the fincly ground ore 1s digested o a poreclain
capsule with strong nitriec acid.  When decomposition 1s complete, the
excess of acid 15 removed on a steam-bath.  The dry mass 15 powdered,
and digested for half an hour with strong caustic soda.  Knough water
15 then added to prevent the tearing of the paper during filtration.  The
filtrate 1s boiled for twenty muimutes with glucose, the tellurium being
weighed as such or converted ito TeO, ! (see § IV.).

(b) I'usion Method.—-The material 15 fused with alkaline carbonate,
and mtrate or peroxide.  If mitrate 15 used. the solution of the melt s
to be evaporated to dryness two or three times with hydrochlorie acid 5
with peroxide, boiling with the same acid suflices  The solution contain-
ing onc-third 1ts volume of hydrochlorie acid (1 175) 15 precipitated
with sulphur dioxide and left to stand one day or longer ; the preeip-
tate 1s filtered oft and weighed on a tared paper I sclenmum 1s also
present, 1t must be extracted by boihng the precipitate with eyanide
solution.

(¢) The oreas attacked with aqua regra, and the mitrie destroved by
evaporation with hydrochlorie acid. The filtered solution contaming
onc-third its volume of hydrochlorie acid (1 175) 15 preeipitated with
sulphur dioxide, and the preeipitate filtered off after thorough setthng.
It 1s dissolved 1 mitrie acid, any residual gold bemg decanted off and
washed.  The clear hiquor i1s evaporated to drvness, the residue taken up
with a few drops of hydrochlorie and tartaric acids. followed by a shght
cxcess of caustie potash.  This 15 saturated with hydrogen sulphide,
and any msoluble bismuth sulphide filtered off.  The filtrate 15 poured
into strong hydrochloric acid (1-1) contaming tartarie aaid (§ I, (¢))
and the hquid digested for some time.  The precipitate 1s filtered olff,
washed first with hydrochlorie acid, then with water, and extracted
with cyanide solution to remove selentum.  The residue 1s then converted
into and weighed as TeO, (§ 1V, (a)).

(d) Volatilisatron Method.—This 1s carried out 1 a chlorine current,

1 Donath, Z. angew. Chem , 1890, 3, 216
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the ore being heated in a combustion tube. The temperature is kept
low at first, then gr adually raised to dull redness, and maintained there
for an hour. Thc escaping gas is conducted through a receiver con-
taining hydrochloric acid of the same strength as before () (¢). When
the tube has cooled down, any sublimatc 15 taken up with the same acid,
which 1s added to that from the rceciver. The condensate is next
freed from chlorme by boiling, and saturated hot with sulphur dioxide.
The precipitate contains all the tellurium, and sclenium if present ; in
addition, small quantitics of bismuth and antimony may contaminate
the precipitate, in which case 1t is worked up by solution m nitric acid,
ete., as explained under () ; 1f these metals are absent, the precipitate
is weighed or, 1f neeessary, extracted with eyanide.

§ VIII. Complete Analysis of Ores.—Thc scheme here given 1s adapted
to the analysis of complex mixtures of rich telluride or selenide minerals,
and takes mto account the possible presence of gold, silver, and thallium,
as well as all the members of the hydrogen sulplude group except cad-
mium and tm. In the case of common sulphide ores, the complete
analysis would be supplemented by a separate tellurium (selenum)
determination on a morc or less considerable quantity (e.g. 5-20 grm.)
of the materal.

First Portion.—

1-2 grm -]~)<:(:;)11lpnsc with HCL+KCLO,, boil oft €1, dilute, filter hot.

R!': digest with (NH,),('0,, filter |1 nd]u\t nouhiy o that solution

< —- contams one-third its bulk of HOL (1 175)
R?  extract with| 12 dct(‘rmmn (adding (', HgOg 1f necessary to keep up
CH,4CO,H, filter silver Sb) - Saturate with 8O, let stand tall

——— «— | completely  settled, hlter, wash with
dilute HCI

T3+ determine lead
(see also P”)

R3 weigh nsoluble
gangue

Pt digest with HNOy(4-C,H0y), filter I't  warm to expel SO,, add sufficient
(4106 af not already present, excess of
R*  weigh Au ] T (wpmnt( excess of | KOH, pass sz‘, filter

————————— HNO,, add shght excess |—— ——
KOH, saturate with H,S, filter I (Hg, As, .\b) boil | P*  dissolve 1
with NH,(Cl, filter HNOj,, evaporate
P8, pour mto HCI | P8 (Bi) add to 1’” ———-——with H,80,
(sp. gr 11) con- '——— —_— P de- | 19 add | didute with 4 vols
tammmg a httlo C,HgO4, digest hot hll termine | 17, detet- | of H,0, filter.

sottled, filter Hg mine  As, [-—- -

- Sb Fue) pu I’b%O,
F? (Sb). add to|P7- extract  with |- - pass | (test for
Fo KCN, filter H,S, filter B)

- - s | P12 g dd P8, de-| F12: boil oft ii S, ncu-
RE- weigh Te  Add | F* acidify with HCL, | germume Bl,’(fu , tralise, pass SO,, add Kl,
small quanbltv of Te | filter off and we wh — " filter
from F¥®, Se  Recover small
amount of Te from | pus. i (se¢ Thallum ;Fla. deter-
filtrato (Selenum, | § 1V, (a)). ’ inc I’
§IIL, (1)), add to RS | S 1 () mine e

Second Portion.—Sulphur. Sec Sclenium, § III, ().
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MOLYBDENUM.

§ I. Minerals.—(a) Molybdenite, the disulplide, MoS,, 15, up to the
present, the only muncral of practical importance. It 15 readily 1dents-
fied by its physical properties, as 1t oceurs 1 grey, <oft, flexible seales
which stain paper and arc seratched by the {inger naul. It bears a close
resemblance to graphite, from which 1t 15 distinguished by 1ts hghter
colour and streak, but with greater certamty by 1ts behaviour on heat-
ing, when 1t evolves sulphur dioxide and 15 converted imto a yellow
powder (trioxide). H 1-1%; sp. gr. 4 4—4 8.

(b) Molybdine, molybdic ochre, is usually deseribed as molybdenum
“trioxide, but 1t generally contains iron, and 1s even regarded by some
as a hydrated ferric molybdate. It doces not oceur idependently, but
accompanics molybdemte, from which 1t 15 derved by ovidation 1t
forms a yellowish powder or merustations ; sometimes 1t 1s fibrous or
crystallime.  Its colour 1s paler than that of tungstic ochre (g.v.); the
latter, unlike molybdine, 1s msoluble m acids.

(¢) Wulfenate, lead molybdate. PbMoO,, will doubtless acquire
economic 1mportance. Soft, heavy, lustrous. of various shades of
yellow, usually wax-ycllow. Tectragonal; soluble m hydrochlorie or
nitricacid. 11 3; sp. gr. 6-7.

(d) Powellite 15 calerum molybdate, tungsten partly replacmg molyb-
denum : Ca(Mo,W)0O,. Isomorphous with wulfenite and schechite, which
1t somctimes accompanices.

(¢) Small quantities of molybdenum are sometimes found i ron
and copper orcs.

§ II. Properties and Compounds.—(«) The metal may be obtuined
by dccomposing molybdemte in the cleetrie furnace, or by reducing
the trioxide with aluminum, hydiogen, or carbon. It 15 white, hard,
and malleable ; soluble m mitrie or strong sulphuric acad ~ Sp. gr. 9 01 ;
M.P. 2450°.

(b) Sulphides..—The trisulphide, MoS;. 15 slowly precipitated by
hydrogen sulphide m acid solution, the latter acquiring a blue eolour.
Preaipitation 1s very meomplete when passing the gas m the usual
manner, but 1t 15 readily accomplished by working under pressure.
Dark brown powder, msoluble m dilute acids, soluble m alkaline sul-
phides. On gentle heating m a current of hydrogen 1t 15 converted
mto disulphide, MoS,, which latter 1s reduced to metal at o ngher
temperature.  On igmtion 1 air, both sulphides furnish the trioxide.

(¢) The triowide, MoOy, 15 an almost white powder, which becomes
transiently ycllow on heating. Unlike the correspondmg tungsten
compound, 1t 1s markedly volatile at the full heat of a Bunsen flame.
It is soluble in ammoma and 1 caustie alkali. By boihng with potas-
sium iodide and hydrochloric acid 1t 15 reduced to the pentoxide, Mo,Oy,
and a corresponding amount of 10dine set free.

(d) Molybdic acid, H,Mo0O,, scparates as a white precipitate when
molybdate solutions arc acidificd ; the precipitate is soluble in excess
of acid as well as in alkali. The hydrochloric acid solution, when
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reduced with zine, yields an oxide which corresponds approximately to
the sesquiowide, Mo0,0,. The yellow crystalline crusts which often
deposit from the acid molybdate solution used for the determination
of phosphoric acid consist of the monohydrate, H,Mo0,.H,0.

(e) Ammonium Molybdates.—The normal salt, (NH,),MoO,, is
stable only in presence of an excess of ammonia, being decomposed by
water into the heptamolybdate, (NH,);M0,0,,.4H,0. The latter forms
large colourless erystals, and is the salt sold as  ammonium molybdate.”

(f) Lead molybdate, PbMoO,, preapiiated from acetie acid solution
by neutral lead acetate, 1s a cream-coloured crystalline powder, soluble
in nitrie, insoluble in dilute acetic acid. It remains unchanged on |
ignmtion.

(8) Mercurous molybdate, Hg,M00,. 15 precipitated by mercurous
nitrate from neutral molybdate solutions. It 1s white, soluble 1 nitrie
acid, and on 1igmtion leay es molybdenum trioxade.

(k) Ammonwum phosphomolybdate, (N11,),P0,.12M00O,, is a bright
yellow crystalline precipitate msoluble m nitrie acid, formed when a
large exeess of ammomum molybdate solution acidified with nitrie
acid 1s added to a solution of an orthophosphate.  The reaction cannot
be applied to the quantitative determimation of molybdenum, as excess
of phosphate gives soluble complex compounds.

§ III. Quantitative Separation.—-Molybdcenum belongs to the hydro-
gen sulphide group, and the solubility of 1ts sulphide 1 alkaline
sulphide places 1t the arscmic-antimony-tm sub-group.  Hence
it can be scparated from eclements of the next group (vanadium,
chromium, phosphorus, cte.) by hydrogen sulphide under pressure
(§ IV, (@), and from the copper sub-group by sodium or ammonium
sulphide.  What remaims to be considered 15 ehiefly the separation of
molybdenum from the members of its own sub-group.

(a) Separation from Iron.—(1) The following process is more con-
venient than scparation by hydrogen sulphide.  An acid solution of
molybdic acid and ferrie salt 1s nearly ncutralised with caustie soda,
and pourcd into hot 8-10 per cent. caustie soda solution (40-50 c.c.
excess for 0 2 grm. of ron).  The hquid 15 heated to boiling, the precipi-
tate allowed to scttle, filtered off, and thoroughly washed with hot water.
With large quantifies of erther metal 1t 15 best to dissolve the ferrie
hydroxide mm hydrochloriec acid and repeat the precipitation.  The
alkaline filtrate is shghtly acidified with hydrochlorie acid, treated with
ammontum acctate, and precipitated with lead acetate (§ 1V, (¢)).

(2) We have also apphed double precipitation of small quantities
of iron by mcans of ammoma with satisfactory results.  If alkaline
carths arc also present, sodium carbonate 1s substituted for caustie
soda or ammonia.

(b) Separation from Sulphuric Acid.— (1) The solution contaming
molybdate and sulphate 1s trcated with enough hydrochlorie acid to
yicld a 5 per cent. solution. This 15 heated to boitling and precipitated
with 10 per cent. barium chloride solution added drop by drop. The
precipitate is filtered off, and the filtrate boiled with sodium carbonate
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solution to eliminate the barium as carbonate; the filtrate from the
latter is treated as under § IV, (c).

(2) The solution 15 treated for the direet precipitation of lead molyb-
datc according to § IV, (¢) (2).

(¢) Separation from Arsenic.—(1) (Also apphecable to phosphorie
acid.) The solution contamming molybdic and arsenie acids 15 made
ammoniacal, precipitated  with magnesia nuxture (prepared  from
magnestum chloride) drop by drop whilst stirring, and allowed to stand
twelve to forty-cight hours according to the quantity of arsenie present.
The preeipitate 1s filtered off, dissolved m acid, and the precipitation
repcated once or twice more.! The combmned filtrates are shghtly
acidified with acetic acid, and precipitated with lead acctate solution
(§ IV, (c))-

(2) Arscnic 15 volatilised as trichloride by distillation with strong
hydrochloric acid m presence of ferrous chloride or other reducing
agent.?

(d) Separation  from Antumony.—.duthors’ Method.—The chlonde
solution, free from nitrates or sulphates, and contaimmg 20-25 ¢ c¢. of
strong hydrochloric acid mn a bulk of 100 c.c., 15 gently boiled with about
5 grm. of pure granulated or thin sheet lead for twenty to tharty nunutes.
The hquid first assumes a greenish-blue colour which gradually changes
to brown, duc to reduction of the molybdie acid, while the antinony
15 preaprtated m the metallie state When reduction 1s complete the
liquud 1s diluted with boiling water and rapidly filtered, the paper being
washed with hot water.  The filtrate 1s boilcd with a sheht exeess of
nitrie acid to re-oxidise the molybdenum, partially neuatialised with
ammonia, heated to boiling, and prceypitated with 50 ¢ e of strong
ammonmum acctate solution ; the lpad molybdate 15 1jgmted and weighed
(§ IV, (¢)).  The preeipitated antimony 15 dissolved, together with
the lead, 1 nitrie and tartarie acids, the lead removed as sulphate, and
the antimony i the filtrate precipitated with hydrogen sulphide.

The results are very satisfactory for molybdenum 3 the antimony
results are a trifle low, as 15 almost mvariably the case where antimony
1s displaced from solution by another metal.®

L Kehimann, Arnnalen, 1888, 245, 56 , Ber , 1887, 20, 1813

* Fniedheim and Michaelis, Ber , 1895, 28, 1414, 1ccommend methyl aleohol, Friedheim,
Decker, and Diem, Z anal Chem , 1903, 44, 663, use potassium 1odide and hydrochloric
acid.

3 Three test analyses gave the following results —

Taken. Found
No
MoO,. Sb,0,. MoOQj. l Sb,0;.
1 0 0500 0 1500 0 0498 0 1472
2 0 1000 0 1000 0 0999 00985
3 0 1500 0 0500 0 1499 0 0495

11
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(e) Separation from Tin—(1) This is accomplished by hydrogen
sulphidc (pressure precipitation) after addition of 15 grm. of oxahc acid
per 100 c.c. of hquud : the tin 1s not precipitated under these conditions.
The preaipitated molybdenum sulphide 1s treated by one of the methods
given m § 1V, (a) or (D) (1).

(2) 1f the tin 15 present 1 an orc as cassiterite, the separation is
effected by wet decomposition, tin remamning soluble (§ V1L, (a)).

(/) Sepuration from Tungsten.—(1) The alkaline solution contain-
ing molybdate and tungstatce 1s acidified with 5 grm. of tartaric and suffi-
cient sulphurie acid to producc a 10 per cent. solution, and precipitated
with hydrogen sulphide under pressure (§ IV, (). Alternatively, the
alkaline solution 1s first saturated with hydrogen sulphide and treated
with 5 grm. of tartaric acid, sulphurie acid bemg added if necessary to
acid reaction.  The hquid 1s boiled till the molybdenum sulplude has
coagulated.  Tungsten 1s not precipitated.?

(2) The alkahne solution obtamed by soda digestion or fusion 1s
evaporated to dryness, taken to fumes with 5 c.c. exeess of strong
sulphuric acid, fumed for half an hour, and a few drops of mire acid
added to re-oxidise a small quantity of lower oaides formed.  The cold
mass 15 diluted with three times its volume of water; the preeipitated
tungstic acid 15 left to settle, filtered off, and washed with dilute sulphurie
acid followed by alcohol.  The filtrate 1s treated with hydrogen sulphide
under pressure.?

§ IV. Gravimetric Determination.- -Molybdenum 15 weighed as di-
sulphide or trioxide, but preferably as lead molybdate.

(a) Determanation as Isulphide.*—The solution contaming pr(f(‘r-
ably sulphurie, but not nitrie, acid 1s precipitated with hydrogen sul-
phide under pressure. This 1s done by saturating the cold hquid with
hydrogen sulphide 1n a stout glass flask (a mincral-water bottle with
screw-stopper 1s suttable).  The flask 1s then almost completely filled
with saturated hydrogen sulphide water, closed, and completely -
merscd by suspension m a deep cold water-bath, care being taken to
prevent dircet contact with the bottom of the bath. The latter is
slowly heated to boiling and maintained at this temperature for two to
three hours ; the loss by evaporation 1s made good by slowly pouring
m boiling water.  The {lask must not be withdrawn until the bath has
cooled to ordmary temperature.

The solution may also be made ammoniacal and treated with
hydrogen or ammomum sulphide, digested on a stcam-bath, the
ammonium thiomolybdate decomposed with excess of dilute sulphuric
acid, and the solution boiled until hydrogen sulphide 15 expelled.

In either casc the preeipitate 1s washed with acidulated and finally
with pure water; 50 per cent. aleohol is also used. The precipitate
after drymg is scparated as completely as possible from the filter ; the

1 Clarke, Amer Journ Scu., 1870, 49, 48 ; Chem News, 1870, 21, 124.

* Rose, Hundbuch der analytischen Chemte, 1871, 358

8 Hommel Treadwell-Hall (1905), vol. n. 225

968‘ Sce also Dohler, Chem Zeut., 1900, 24, 537 ; Collet and Eckhardt, tbid., 1909, 33,
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latter is burned at very low temperature in a tared Rose crucible. The
bulk of the precipitate is transferred to the crucible and the latter
maintained a short time at a temperaturc below redness while a current
of hydrogen 1s passing through it. If the temperature 1s too high or
the ignition protracted, the disulphide begins to decompose into its
elements ; in fact, the whole of 1t can be thus reduced by using a
blast lamp.?

(b) Determination as Triozide——(1) Instead of trcating the sulphide
precipitate as described above, 1t may be oxidised to trioxide. This
operation must be conducted with care, as the temperature may rise
to the point of incipient volatilisation of the trioxide.?  Various schemes
have been suggested to avord loss from this cause. Thus, the wet filter
and precipitate are placed n a tared crucible and dried at 100°. The
covered crucible 1s then gently heated until volatile hydrocarbons have
been driven off. The hid 1s removed, and the tarry matter around the
mner sides burned off at very low temperature.  The precipitate 1s then
gently heated until the sulphur is driven off.  After cooling, the mass 1s
mixed with mercuric oxide emulsion, evaporated to dryness, and heated
to expel the mercury.® Or, the roasted precipitate 15 digested with a
few drops of nitric acid, the mass dissolved in ammonia, and re-acidified
with nitric acid ; the hquid 1s evaporated to dryness, the residue ignited
gently, and weighed.®  Alternatively, the sulphide may be mixed with
anhydrous oxalic acid and heated until the latter 1s volatilised.

(2) The trioxide may also be obtamed by ignition of mercurous
molybdate at low temperature. The molybdate solution—free from
tungstate, arscnate, chromate, vanadate, phosphate, sulphate, or
silicate—is nearly neutralised with nitric acid ; mercurous mtrate solu-
tion is added whalst stirrmg until further addition no longer produces a
precipitate. The shight cxcess of sodium carbonate left in the liquid
neutralises a small amount of free acid always present in the reagent.
The solution 1s heated to boiling, the precipitate filtered off, washed
with water containing 1 c.c. of saturated mercurous nitrate solution
per litre, dried, and scparated from the filter.  The latter 1s replaced in
the funnel, and washed with dilute mtric acid ; the filtrate is evaporated
in a tared crucible, after which the rest of the precipitate 1s added and
heated very gently until the mercury 1s driven off.

(¢) Determanation as Lead Molybdate.—The preceding processes are
liable to lead to errors unless care is exercised in regulating the tempera-
ture. The estimation as lcad molybdate % is finding increased favour
on account of 1ts undceniable advantages. The precipitation 1s simpler
than that of mercurous molybdatc; the lead salt 1s stable at a high
temperature and (unlike lead sulphate) not reduced by contact with
glowing filter fibre ; hence the incineration does not require any special

1 v, d. Pfordten, Ber., 1884, 17, 734.

8 A temperature of 425° should not be exceeded (Wolf, Z. angew. Chem., 1918, 31, 140).

3 Treadwell-Hall, vol. n. 223.

¢ Binder, Chem. Zeit., 1918, 42, 225,

8 Brearley and Ibbotson, Analysis of Steel Works Matersals, 1902, 85, 273 ; Brearley,
Chem. News, 1898, 78, 203 ; 1899, 79, 2, 14 ; 1900, 81, 269.
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precautions, and can cven be carried out without scparating the precipi-
tate from the filter, provided the latter is charred at low temperature
(by supporting the crucible on a wire gauze); finally, the molybdenum
1s weighed 1 combination with a metal of high atomic weight.

(1) The alkahine molybdate solution 15 acidified with 2 c.c. of acetic
acid, treated with 5 grm. of ammonium chloride per 100 c.c. of hquid,
and precipitated, whilst boiling, with a # per cent. lead acetate solution
which 1s added slowly with constant stirring.  The beaker 1s kept on a
hot plate until the precipitate has settled, when 1t s filtered off on close-
textured paper and washed with hot dilute ammonium acctate solution
by decantation first, then on the filter until the washings fail to give a
coloration with sodium sulphide solution.  The moist filter 15 folded so
that the portion contaming the precipitate lies uppermost m the crucible.
The drymg 1s done m an air-oven or on an asbestos gauze; the
paper 1s charred at a gentle heat, the carbon burnt off at low tempera-
ture, the precipitate heated for a short time to dull redness, cooled,
and weighed.

(2) In the majority of cases the solution m which molybdenum 1s
to be determined also contaimns sulphate, derived from the sulphur with
which the metal was combmed m the form of natural or precipitated
sulphide.  TIts presence 1s known to lead to high results, due to co-precr-
pitation of lead sulphate.  Sulphates can be chimiated from the solu-
tion, previous to the precipitation of lead molybdate, according to § 111,
(b) (1), but the procedure 1s rather lengthy where a number of deternn-
nations have to be made.  The usual practice in such cases consists
carrying out the preaipitation m presence of ammonium chloride and
a large cxcess (50 c.c.) of strong ammonium acctate solution ; the preci-
pitate 1s filtered off, dissolved m strong hydrochlorie acid, and 100 c.c.
of boiling water added to the clear solution followed by 5 grm. of ammo-
nwum chloride, and ammonia until a precipitate forms. The latter 15
re-dissolved m a small quantity of hydrochloric acid ; a few drops of
lead acetate solution arce added, and, finally, 50 c.c. of strong amino-
mum acetate solution. The precipitate is left to scttle, and treated
as before.

By the use of the following modification we have obtaned satis-
factory results in presence of sulphate by means of a single precipitation.
The solution of alkahne molybdate 1s acidified with an excess of 4 c.c.
of 88 per cent. acetic acid ; 10 grm. of ammonium chloride and 50 c.c.
of 25 per cent. ammonium acetate solution are added. The hiquid, now
occupying a volume of 200 c.c., is precipitated while actually boiling,
with a 4 per cent. lead acetate solution added drop by drop (from a
burctte). The further treatment of the precipitate 1s the same as
described above.

The precipitation of lead molybdate can be carried out in presence
of soluble salts of mercury, copper, Cadmium, zine, nickel, cobalt,
manganese, and thus provides a mcthod of separating molybdenum
from these elements.

§ V. Volumetric Determination.—The methods for the volumetric
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estimation of molybdenum present no great advantage over the gravi-
metric determination as lead molybdate except where a number of
assays arc regularly made. A brief description of the volumetrie
methods will here be given.  The last two are not well adapted for ore
analysis, and whilc the permanganate method gives good results in
practised hands, a gravimetrie process 1s advisable where only an occa-
stonal determination 1s required.  Titration with lead acetate 15 a useful
method which 1s extensively used i practice 5 1t presents the advantage
that the preapitate obtaimned can be weighed as a check if desired.

(a) Precipitation Method.:-—The molybdate solution 1s acidified with
acetic acid, heated to boiling, and titrated with lead acetate solution
(20 grm. per Iitre; 1 c.c.=0 005 grm. Mo) until a drop of the solution
fails to give a yellow tint with dilute tannmin solution on a spot plate.
This titration 15 the converse of Alexander’s volumetric lead assay.
The lecad solution 15 standardised against pure molybdenum trioxide;
this 1s dissolved m caustie alkali, the solution shghtly acidified with
acetie acid, heated to boiling, and titrated.

(b) Permanganate Titration.? — The purified sulphide 1s dissolved
aqua regia and the solution evaporated to fumes with sulphurie acid ;
1t 1s diluted with water, heated to 75°, and run through a Jones’ reductor
(see Introduction). The reduced assay 1s at once titrated with per-
manganate, which latter 15 standardised agamst an approximately
cqual weight of pure trioxide reduced i exactlv the same manner.

(¢) Iodometric Method2>—Molybdenum trioxide, or a molybdate,
boiled with potassium 1odide and hydrochlorie acid, 1s reduced as
follows : 2MoO;+211I=Mo,0;+1I,-~H,0. The determination 1s carried
out 1n a small distillation flask m a current of carbon dioxide, and
the liberated 1odine titrated as “usual.  This process 1s used for the
determmation of molybdie acid 1in complex compounds such as <ilico-
and phosphomolybdates. It 15 safest to standardise against pure
molybdenum trioxide.

(d) Acidimetric Method.— Molybdenum  trioxide is  dissolved in
N/2 sodium hydroxide, the exeess of which 1s titrated back by N/2 acid
in presence of phenolphthalem: MoO;+2NaOll=Na,MoO,+ H,0.
1 c.c. N/2 NaOII=0-036 grm. MoOj.

§ VI. Detection in Ores.—Molybdenum munerals, fused with alkaline
carbonate and nitrate, give a melt containing molybdate which is
identified by the following rcactions :—

(a) The solution, strongly acidified with nitric acid, gives with one

1 Schindler, Z anal. Chem , 1888, 27, 137.

2 Seo also Mabee, Engincering and Mining Journ , 1918, 105, 836, Pisan, Compt. Rend.,
1864, 59, 301, Rammelsborg, Pogg Ann , 1866, 127, 281 ; Werncke, Z anal Chem., 1875,
14, 1, Borntrager, ibid , 1898, 87, 438  Randall, Amer, Journ Sci, 1907, 24, 313, collects
tho reduced solution 1 phosphoric acid and ferrnic alum ’

3 Friedheim and Euler, Ber., 1895, 28, 2066 . Hundeshagen, Z anal Chem , 1889, 28,
144, 171, Gooch and Norton, Amer Journ Sci, 1898, 6, 108. (Gooch and Fairbanks,
ibud , 1896, 2, 156, boil off tho 10dine, dilute with cold boiled water to 125 ¢ ¢, and add
1 grm of tartanic acid, a shght excess of bicarbonate, and a known excess of standard
1051mo solution  After standing for two hours the excess of 10dine 1s titrated with arsenite
solution.



166 THE ANALYSIS OF THE RARER ELEMENTS.

drop of sodium phosphate solution in presence of ammonium nitrate
a bright yellow, crystalline precipitate. Stirring and warming favour
the precipitation.

(b) Metallic zine reduces the solution acidified with hydrochloric or
sulphuric acid, with formation of coloured compounds. If the quantity
of molybdenum predominates over that of the added acid, the liquid
is coloured decp blue; m presence of an excess of acid, however, 1t
becomes at first reddish-yellow, then greenish-blue.  Hence in applying
the test it is advisable to add but hittle acid. Other elements which
give coloured solutions or precipitates under the same conditions are
tungsten, columbium. vanadium, and titamum (¢.v.); the reduced
molybdenum solution, however, gives with thiocyanate a deep red
coloration.

(¢) Tannin produces a deep orange coloration.

(d) A characteristic and sensitive test consists in heating a small
quantity of the powdered mineral with a drop of strong sulphuric
acid 1n a poreclain crucible until the acid 1s nearly driven off. On
cooling a deep blue colour develops, more quickly when the test is
breathed upon.

(e) Molybdic acid imparts a greenish colour to the Bunsen flame.

§ VII. Determination in Ores.—(a) Ores free from Arsenic and
Antimony.—Molybdenum may be brought into solution by acid attack
or by fusion. For low-grade sihccous material and for ores contamning
cassiterite the wet method of attack 15 preferable, because tin and
silica are not thereby rendered soluble ; on the other hand, other metals
present 1n the ore will accompany the molybdenum into solution.
Fusion with carbonate and mitrate 15 especially adapted for high-grade,
substantially pure molybdenite ores; fusion with soda and sulphur
answers well for the separation of large quantities of copper, 1ron, lead,
bismuth, etc. (1.e. for iron, copper, and common sulphide ores).

(1) Solution in Acids (generally aqua regia).—The ore 15 decomposed
by a suitable acid, and the liquor cvaporated to fumes with 10 c.c. of
sulphuric acid (1:1). The acid 1s diluted with three times 1ts volume
of water, and the nsoluble portion filtered off and washed with dilute
sulphuric acid.  The filtrate 1s precipitated with hydrogen sulphide under
pressure, and the precypitate digested with sodium  sulphide and
hydroxide ; the hot solution must be treated with hydrogen sulphde
until it becomes deep red, when 1t is filtered and the filtrate boiled with
a slight cxcess of sulphuric acid until hydrogen sulphide is expelled.
The precipitate is filtered off, washed with watcr, dried, and gently
ignited with the filter in a covercd crucible. The cover is next removed,
and the sulphur expelled as described in § IV, (b) (1) ; the residuc after
cooling 15 weighed as MoO,

(2) Fusion with Carbonate-Nitrate Maature (8-10 parts) in an iron,
nickel, or copper crucible.—Owing to the danger of loss by deflagration,
it is advisable to gently roast high-grade ores before fusion until the
smell of sulphur dioxide 1s no longer perceptible. The fused melt is
leached with water and the solution freed from 1nsoluble ferric and other
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oxides by filtration. The residue is washed with 1 per cent. sodium
carbonate solution ; the filtrate is trcated with a slight excess of acetie
acid, ammonium chloride, and lead acctate solution, as in § IV, (c).

If impure ores are treated in this manncr, the alkaline molybdate
solution may be contaminated with tungstate, stannate, vanadate, or
chromate. Itis boiled with excess of ammonium sulphate and filtered :
the filtrate 15 saturated with hydrogen sulphide, acidified with 5 grm. of
tartaric acid and sulphuric acid, and boiled till the precipitate has
settled. This 1s tiltered off, washed with hydrogen sulphide water, and
dissolved in aqua regia. 'The acid hquor is cvaporated to strong fumes
with 15 c.c. of sulphuric acid (1: 1), the acid cooled, diluted, and the
solution precipitated with hydrogen sulphide under pressure. The
precipitate 15 washed, dried, 1igmted gently, ete., as under (1).

(8) Fuswn with Soda and Sulphur (6 parts) in a poreclain crucible,
as for antimony ores.—The aqueous extract of the melt 1s boiled with
excess of dilute sulphurie acid, or 15 grm. of oxalic acid 1f tin 15 present ;
the precipitated sulphide 1s filtered off, 1emited 1n a covered crucible,
and the deternunation fimshed as under (1).

(b) Adrsemacal and Antumonmal Ores.t — (1) When ores containing
arsenic and antimony are treated according to one-of the preceding
methods the 1igmted molybdenum trioxide will be contanunated with
oxides of these elements. It 1s digested with strong hydrochlorie acid
and a shght excess of saturated potassium iodide solution ; the hqud
1s transferred to a boiling flask, and repeatedly boiled down with strong
hydrochloric acid over a free f{lame whereby arsemie 1s volatihsed.
The residue 1s taken up with 10 c.e. of strong hydrochlorie acid, the
latter diluted to 50 c.c. with water, and the solution reduced with lead
for twenty to thurty minutes.  'Fhe precipitated antimony 1s filtered
off, washed with hot water, the filtrate oxidised with mitrie acid, and
the molybdenum preeipitated by the addition of ammonia and ammo-
nium acctate (§ 111, (d)).

(2) If the hydrogen sulphide precipitate 1s small, 1t 1s dissolved,
without previous igmition, 1 hydrochloric acid and bromine; the
cxcess of the latter 1s boiled off, potassium 1odide solution added, and
the determunation fimshed as under (b) (1).

§ VIII. Determination of Impurities in Molybdenite Ores.—(a) Copper,
lead, and bismuth may be determined 1n the residue from the extraction
of the melt obtamed by fusion with soda and sulphur (§ VII, (a) (3)).
The thiomolybdate filtrate 1s boiled with sodium sulphite to recover
the small quantity of copper dissolved by the polysulphide.

Lecad alone may be determmed by cvaporation with aqua regia and
sulphuric acid as usual, copper as thioeyanate ; bismuth, if small, is
estimated by the colorimetrie process deseribed under Tungsten, § IX, (c).

(b) Antimony can be determined in the filtrate from the insoluble
sulphides obtamned by fusion with soda and sulphur (sce (a)). The
liquid is acidified with sulphuric acid, the preaipitated sulphides dis-
solved in hydrochloric acid and bromine, the antimony precipitated

1 Authors’ method.
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with metallic iron, and filtered off ; after solution in hydrochloric acid
and bromine it is precipitated with hydrogen sulphide.

(¢) Arsenic. The ore is dissolved in aqua regia. the nitre acd
destroyed by two cevaporations with hydrochloric acid, and the hqud
distilled with ferrous chloride m the usual manner.

(d) Tin, 1f present as cassiterite, remains with the residue msoluble
in aqua regia, m which it 15 determined by fusion with sodium peroxade
followed by reduction and titration.  If present as stannme, 1t must
be separated from molybdenum by hydrogen sulphide and oxahe acid
(§ 111, (¢)).

(e) Calcium carbonate 15 determined by attacking the ore with acetic
acid. The solution thus obtained 1s precipitated with ammonium oxalate.

§ IX. Complete Analysis of Ores.—(a) MMolybdenite Ores.—The gangue
usually consists of quartz, muscovite, and felspars. A small quantity
of copper pyrites is often found; pyrites and mispickel may also be
present.  Native bismuth 15 an mportant constituent of certam ores,
in which it 15 often accompanicd by galena.  Wolfram, scheelite, and
cassiterite should be looked for.  Assuming an ore contamimg all the
above mmerals m addition to molybdenite and molybdme, the complete
analysis will be carried out as follows :—

First Portion.—

Boil 1 g¢im of fnely powdered ore with sttong HCI to decompose tungstates, then
with dilute HNO,  Evaporate to small bulk, dilute, filter

R' warm with 1 porhoont, NaOH, bol | ' evaporate to diyness, take up with
with excess of NH,NO,, filter dilute HCL, hlter
k2 evaporate  to | R2 gmte, fuse | R7 2nd 810,  Weigh ‘ 17 add B9,

fumes  with  H,80,, | with Na,('0y, take | ——— - -~ ppte with

dilute with 3 volumes | up  with  dilute | ILS under pressute, filtor

of H,0, hlter, wash | HNO,, evaporate ——

with dilute H,80, to diynesy, heat | F®  add Fi, determine

——— - —lto 110° for 1| Fe, Al, Ti, Mn, Ca, Mg | with Na,S and

[ add | hour, take up with NaOH, pass

to 17 diluto HINO,,  fil- | H,S, filter, wash with dilute Na,S

ter, wash with 2 —

per centt HNOy ¥®  ppte with H,80,, | R® determine

boil,  filter,  dissolve | Pb, Bi, (*u

B4 ailicate  bases | R agnite in Pt cru- | ppte 1 aqua  regut e oo

Add to I cible, weigh  Treat | Add NH,OH and magnesia  mixture,
- with  HF+H,S80,, | filter, dissolve  ppte, 1epeat  pption,

P8 digest

ps 1emto,
weigh WO,

1gnite, weigh combine filtrates (§ I1I, (c)).
R5  fuse with NaOH i Ag | L5 810, | F1° acidify  with | Po, MgNH,AsO,
cruaible, dissolve m H(CL, pass —————| CHCO,H, ppte| Weighas Mg,As,0,,
H,S, filter with Pbh(C'H4CO,),, | or titrate

weigh PbMoO,
Pé- SnS, Dissolve | F6 determine
and titrato Ti10,

Second Portion : sulphur.-—One grm. 1s digested with aquaregia, the nitric
acid destroyed by two cvaporations with hydrochlorie acid, the residue
taken up with dilute hydrochloric acid, and the solution precipitated with
excess of ammoma. The filtrate is acidified with 5 per cent. excess of
hydrochloric acid and preeipitated with barium chloride (§ II1, (b)).
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Third Portion.—Molybdenum present as molybdine. 1-2 grm. of
ore are digested with warm 2 per cent. caustic soda. The filtrate is
acidificd with sulphuric acid and precipitated with hydrogen sul-
phide under pressure, tartaric acid being added to keep up tungsten, if
tungstic ochre 1s also present.

Fourth Portion : for alkalics, by L. Smith’s method.

(b) Wulfenite Ores.—In addition to wulfenite, thesc may containvana-
dinite (¢.v.), mmetite (3PbgAs,04. PbCl), pyromorphite(3Pb;P?,0,.PbCl,),
and crocoisite (PbCrQ,). The summarised procedure 15 as follows :—

First Portion.—

Digest 1 grm with strong HCI, and HNO; if required  Evgporate with H,SO, to
tumes Cool, dilute with 3 volumes of H,0 , cool, filter, wash with dilute H,SO,

R  digest, hot, with (NH,),(!0j ulter, | F' ppte with H,S under pressure,

wash with dilute (NH,),CO,. filter

T2 evaporate | R2-  extract with HNOg | F¢  oxidise | P4 treat hke P8 et

to dryness, | filter with HNO,, add | s¢¢ 1n  preceding

ignite,  weigh |— - ———-— — —— ——| 5g;m of NH,(1, | table (molybdenite)

WO, R? 810, | F3 evaporate | ppte with am- —_—
(zanguo) | with  H,SO0, | mona, filter  Iissolve ppte, repeat
Weigh weigh PbSO, pption, combine filtrates

5 determine Ca, Mg | P5 - dissolve in HCL, ppte with NH,OH and (NH,),S, tilter,
wash with dilute (NH,),S.

F*  boil with HCl, add HNO;, take [ P8 dissolve mn H,SO,, boil, filter off sulphur.
to fumes with H,SO,  Dilute, reduce | Add  persulphate, boil, ppte with NH,OH,
with S0O,, titrate vanadium with | filter Dissolve ppte mm H,80,, 1epeat per-
KMnO, ~Reduce again, boil oft SO, | sulphate treatment and NH,OH pption Com-
add NH,NO,; and molybdate 1o- | bine filtrates
agent, detorminoe P,0,
- P%  trcat with NaOH | F7- acidify with
in poreolain basin , tepeat treatment H,S0,, bol to destioy
—_ — e —— | H,8,04,  cool, titrate

T aadify with HINO,, add NH,NO, and | P#  dotor- | CrOg

molybdate 1eagent, filter mine Fe.
P? determme | 1®  ppto with NH,OH, .
P,04 filter, 1gnite ppto, weigh

Al O, !

Second Portion : for chlorine.—Onc grm. of the fincly powdered ore
is digested with dilute HNO, at a temperature not cxeceding 50° to
complete decomposition.  Dilute considerably, filter, precipitate with
AgNO,, weigh AgCl.

(¢) Powellite.—

Digest 1 grm with strong HCY, followed by HNO, Evaporate to strong fumes with
H,80, Cool, dilute with three volumes of water, filter, wash with dilute H,80, to
removo CaSO,

Rt WO;, PbSO,, $10, treat | ¥! treat with H,S under pressure

like R! et seq 1 preceding -

table (b). P2: treat hke P8, (a), first [ F2+  determine
portion. Fe and Ca




170 THE ANALYSIS OF THE RARER ELEMENTS.

§ X. Technical Methods.— The following methods for assaying
substantially purc molybdenite concentrates are used in technical
work :(—

(a) Wet Method.—0-5 to 2 grm. are attacked with aqua regia. The
acid is evaporated just to dryness, the residue taken up with water,
made alkahine with caustic soda, and re-acidified with hydrochloric acid.
This solution 1s boiled, poured into hot 10 per cent. caustic soda, and
after standing on a sand-bath for ten minutes the assay 1s filtered and
the precipitate well washed with hot water. In presence of alkaline
earths, sodium carbonate should be used instead of caustic soda. The
filtrate is treated, for gravimetric or volumetrie determination as lead
molybdate, ac¢cording to methods given mn §§ IV, (¢) or V, (a).

(b) Fusion Method.--0-625 grm. 15 gently roasted 1n a nickel crucible,
and fused with 5 grm. of carbonate-mitrate mixture. The melt 1s taken
up with water and the extract made up to 250 c.c. ; 200 c.c. (ecquivalent
to 0-5 grm.) are filtered off, and the assay fimished as under (a).

In the volumetric process an ore of known molybdenum content
is generally used as the standard ; 1t is treated in the same manner as
the assay.

TUNGSTEN.

§ I. Minerals. — (a) Monoclinic Tungstates. — (1) Ferberite, ferrous
tungstate, FeWO,.

(2) Hubnerue, manganous tungstatc, MnWQO,.

(8) Wolframute, (Fe,Mn)WO,, th¢ most mmportant orc of tungsten,
may be regarded as an isomorphous mixture of the above two minerals.
All three are similar m appearance and lustre (distinetly submetallie
on fresh cleavage planes) ; they are brittle and give an unceven fracture.
Streak red to chocolate-brown (distinetion from cassiterite, with which
it is gencrally found); colour brown to black. H 4-5-55; sp.
gr. 6:8-75. Attracted by a strong clectromagnet (¢f. cassiterite).
Finely powdered wolframite 1s soluble 1n hot strong hydrochlorie, but
scarcely attacked by mtric acid.

(b) Tetragonal Tungstates.—(1) Scheelite, calcium tungstate, CaWO,,
is a white, more or less opaque, heavy mineral. M 55 sp. gr. 6. An
important orc of tungsten ; 1t 1s often found with cassiterite.  Hydro-
chloric acid dissolves powdered scheelite readily ; mitric acid attacks
it supcrficially, the particles becoming yellow through liberation of
tungstic acid. It often contains a little molybdenum (cf. Powellite).

(2) Cuproscheelte, (Ca,Cu)WOy, 15 a variety of the preceding in
which copper partly replaces hme.  Colour green, streak greenish-grey.

(8) Stolzate, lead tungstate, PbWO,, is resinous, sub-translucent ;
colour grey, brown, or red. H 3; sp. gr. 8. Isomorphous with
wulfenite (g.v.).

(4) Rewnite has the same composition as ferberite, and appears to
be a pseudomorph after scheelite.  Unimportant.

(¢) Tungstic Ochre 1s an alteration product of wolframite, to which
the formula WO, 1s usually assigned ; but it generally contains a hittle
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ferric oxide and water. Colour usually bright yellow, but sometimes
light brown or cven white. Amorphous soft powder or incrustations.

§ II. Properties and Compounds.—(a) The element, obtained by
reduction of the trioxide with hydrogen at a bright red heat, 1s a very
hard steel-grey metal of sp. gr. 18-7, mclting above 3000°. It is insoluble
in all acids, except a mixture of nitric and hydrofluoric. The powder
dissolves in boiling caustic alkali, with formation of alkaline tungstate
and hberation of hydrogen.

(b) Tungsten trioride, WO, 1s a canary-yellow heavy powder,
soluble in caustic alkalies or hydrofluorie, but insoluble 1n hydrochloric,
nitrie, or sulphurie acid. .

(¢) Tungstic Acids—(1) A hydrated acid, H,WO,.H,0, is a white
amorphous precipitate formed by the addition of an acid to a cold
solution of alkaline tungstate. It is shightly soluble in water.

(2) The anhydrous acid, ITI,WO,, precipitates as a yellow powder when
hot tungstate solutions are treated with excess of acid. It is msoluble
in water but tends to form a hydrosol : soluble in ammonia (sce (d) (2)).

(3) Metatungstic acrd, H,W,0,,.711,0, forms yellow crystals readily
soluble in water.  Sodium metatungstate 1s formed by boiling a solution
of sodium tungstate with msufficient hydrochloric acid to precipitate
the normal acid. On boiling metatungstate with caustic alkali the
normal tungstate 1s regencrated.

(d) Tungstates.—(1) Sodwum tungstate, Na,W0,.2H,0, obtained by
fusing mincrals with sodium carbonate.  Soluble in four parts of cold
watcr.

(2) Ammonwum tungstate, (NI,),WO,, 1s obtained by dissolving
precipitated tungstic acid i ammonia.  The solution on evaporation
depostts glittering plates of (NH,),0W ,0,,.511,0.

(8) Mercurous tungstate, 11g,W0O,, flocculent white precipitate formed
on mixing neutral solutions of alkaline tungstate and mercurous
nitrate.  Soluble in dilute mitric acid; on ignition, tungsten trioxide
remains.

(e) Sulphides~—When tungsten trioxide 1s dissolved in sodium
sulphide a deep brown solution 1s obtamed which contains the thio-
tungstate, Na,WS,, and which, on acidifymg. yields a flocculent brown
precipitate of tungsten trisulphide, WS, Tartaric or oxalic acid pre-
vents the precipitation. The trisulphide 1s shightly soluble i water,
giving a brown solution, and on 1gnition in an mert atmosphere yields
the disulphide, WS,. This bears a grcat resemblance to molyb-
denite (g.v.).

§ III. Quantitative Separation.-—The scparation of tungsten in mineral
analysis 15 so closcly related to the question of opening up its ores that
the two operations will here be considered together.

The ore may be decomposed by onc of the following processes :
(a) acid attack; (b) fusion with sodium carbonate or peroxide, or
digestion with caustic soda ; (¢) fusion with bisulphate.

(@) Acid Attack.—In this process, which 1s carried out as described
in § VIII, (a), the insoluble residue may contain, in addition to tungstic

-
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acid: (1) antimonic; (2) silicic, columbic, tantalic, stannic, and
titanic acids.

(1) Separation from Antimonic Acid.'—The unfiltered acid hquor
resulting from the agqua regia attack 1s evaporated to dryness and the
residuc taken up with dilute mitric acid, which 1s again evaporated on
the water-bath.  The cvaporation 1s repeated twice more.  The residue
is then taken up with dilute nitric and a httle tartaric acid, and the
residuc contaming the tungstic acid filtered off and washed with water
contaming a hittle mtrie acid.

(2) Separation from Silicic,? Columbic,® Tantalic, Stannic,® and
Titane® Acids—The residue from the aqua regia treatment (or from (1))
15 rinsed back, boiled with dilute ammonia and a erystal of ammonium
nitrate,and the residuc filtered off and washed with 1 per cent.ammonium
nitrate. The filtrate, containing the mamn part of the tungstic acid, 15
cvaporated to dryness, and the residue 1ignmited and weighed as WO,.8
It should be tested for sihea by evaporation with hydrofluoric and
sulphurie acids, but the amount thus found rarely exceeds 0-0005 grm.
The residue from the ammoma extraction still contamns a little tungstie
acid ; 1t 1s digested with hot 1 per cent. caustic soda, the solution
boiled with 2 grm. of ammonium nitrate, and filtered. The filtrate,
which contains all the tungstic acid and traces of silica, 15 neutrahsed,
preapitated with mercurous mtrate (§ IV, (b)), and the precipitate
1ignited and weighed.  (For purification, sce (d).)

(0) Fusion or Digestion with Alkali. — Fusion of a complex ore
with sodium carbonate, peroxide, or hydroxide results m a residue
contaimng the metals as oxades or carbonates, and a solution of tung-
state, molybdate, vanadate, arscnate, phosphate, chromate, and part
or all of the followmg : silicate, aluminate, antimonate, stannate, tan-
talate, and columbate.  Digestion with caustie soda results 1n at least
partial solution of some of the above mimpurities.  If the ore contains
antimony, 5 grm. of tartaric acid are added to the solution of the melt,
the hiquid again made alkaline if neecessary, saturated with hydrogen
sulphide, and the determimation finished as under (¢).  If no antimony
is present, the separation is carried out as follows :—-

(1) Separation from Silicate, Stannate, Aluminate, Tantalate, Colum-

1 (fobenzl, Z anal Chem , 1882, 21, 114

¢ For methods based on volatihisation of the tungstic acid as chloride or oxychloride
see Fricdheim, Henderson, and Pmagel, Z anorg Chem , 1905, 45, 396 , Bourion, Compt
Rend , 1908, 148, 1102 ; Defacqz, 1bd , 1319, Nicolardot, 1bud , 795

3 Another method 1s given by Bedford, Journ Amer Chem Soc, 1903, 27, 1216

1 Othor methods of separating tin . Rammelsberg, Pogg Ann , 1864, 120, 66, Chem.
News, 1864, 9, 25 (volatilisation of stannic oxide by ammonium chloride), Donath and
Muller, Monatshefte f Chem , 1887, 8, 647 (fusion with zinc dust): Angenot, Z angew
Chem , 1906, 19, 956 (fusion with sodium peroxide followed by procipitation of tungsten
by zine and hydrochlonc acid), Travers, Compt Rend , 1917, 165, 408 (fusion with
sodium sulphite) , Dittler and v Graffenreid, Chem Zest , 1916, 40, 681.

& See also Defacqz, Compt Rend , 1896, 123, 823

¢ This sepatation 1s not absolutely oxact (see (d)) TFor a discussion of the method see
Woells and Metzger, Journ Amer Chem Soc, 1901, 23, 356 , de Benneville, tbd , 1891,
19, 377, Watts, Chem News, 1907, 95, 19, L and G Campredon, Ann Chum. anal ,
1904, 9, 41.
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bate.!—The alkalinc solution is boiled with sufficient ammonium nitre
to react with the excess of alkali, the preeipitate allowed to scttle, a
filtered off ; the filtrate, if frec from mmpuritics mentioned under |
and (8), is ready for precipitation with mitric acid (§ IV. (¢)),
mercurous nitrate after ncutralisation (§ 1V, (0)).2  (Testing t
weighed WO, @ see (d).)

(2) Separation from Phosphate and Arsenate.!—The filtrate from t
last scparation 1s treated with magnesia mixture free from sulpha
or chloride (u.e. prepared from magnesium and ammonium nitrates
After standing overmight the precipitate 1s filtered off, dissolved
nitric acid, and re-preaipitated.  If much phosphorus or arscnie 1s prese
the operation may have to be repeated three or four times.s The cor
bined filtrates arc precipitated by once of the methods given m § I
and the ignited tungstic acid tested as under (d).

(3) Separation from Vanadate, Molybdate,* Chromate.>-1f vanadat
molybdate, and chromate are present, the filtrate from the precipitatic
with ammonium nitrate or magnesia mixture 1s acidified with acet
acid and precipitated hot with lead acctate solution.®  The precipita
consisting of lead tungstate, molybdate, vanadate, and chromate
filtered off, gently 1gnmited, dissolved m hydrochlorie acid, and the hqu
evaporated to dryness after addition of a few drops of mitric acid. T
residue is taken up with 150 c.c. of hydrochloric acid (1 :4), and t
solution boiled and filtered ; the residual tungstic acid 15 washed wi
dilute hydrochlorie acid, 1ignited, and weighed.

(¢) Fusion with Bisulphate..—1f the bisulphate melt 1s leached wi
dilute sulphunic acid, the preapitate will contam the same compoun
as 1if the ore had been opened up with aqua regia.  1f, however, the leac
ing 15 carried out with tartaric acid, the tungstic acid goces into soluti
with the metals.” A nmunute quantity of white flocculent tungst
acidd may remain with the msoluble matter; it 15 recovered by warr
mg with 1 per cent. caustic soda, filtering, boiing with 1-2 grm.
ammonium nitrate, agam filtering, and precipitating with mercuro
nitrate (§ IV, (0)).

The tartrate solution 15 made alkaline with caustic soda and saturat.
with hydrogen sulphide.  The metals whose sulphides are msoluble
alkaline sulphides arc thus precipitated.  The preeipitate 1s filter
off, washed with dilute ammomum sulplide, and the filtrate acidifi
with dilute sulphuric acid. The sulphides of molybdenum, arsen

L ¢f Bullnheimer, Chem. Zeit, 1901, 24, 870, who performs operations (1) and
simultaneously

2 Hermann, Z anal Chem , 1912, 51, 736, states that the small amount of sihca s
left 1n solution after precipitation with ammonium mitrate tends to low results, due
the shight solubihity of mercurous silicotungstate.

3 Kehrmann, Ber., 1887, 20, 1811.

4 Ibbotson and Brearley, Chem. News, 1900, 81, 13

5 v. Knorre, Z. anal. Chem , 1908, 47, 337, reduces chromic acid with sulphur diox
1 famntly acid solution and precipitates tungstic acid with benzidine

¢ Friedheim, Ber , 1890, 23, 353, recommends mercurous nitrate instead of lead acetal
procedure otherwise the same.

7 Powell, Journ. Soc. Chem. Ind., 1918, 87, 285.
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antimony, tin, and vanadium are now precipitated. After heating to
coagulate the precipitate it is filtered off, and washed with acidulated
hydrogen sulphide water.

The filtrate 1s evaporated to fumes with nitric and sulphuric acids.
A little copper sulphatc 1s then added and the mass heated until all
organic matter 1s destroyed.  After cooling 1t 1s boiled with water and a
little nitric acid and the tungstic acid filtered off (§ 1V, (d)). The solution
contains alumina and titania. If columbic and tantalic acids are present,
the precipitated tungstic acid should be extracted with dilute ammonia,
or dilute caustic soda followed by boiling with ammonium mtrate
(a (2)).

(d) Testing Tungstic Aed after Weghing.—If alkaline solutions of
sodium tungstate arc boiled with ammonium mtrate, the tungstic acid
precipitated by mercurous nitrate 1s liable to contam small quantities
of siica and alumima. To remove these the ignited tungstie acid is
fused with three times 1its weight of sodium carbonate, and the solution
of the melt boiled with 2-3 grm. of ammonium carbonate and filtered.
The filtrate 15 again precipitated with mercurous nitrate.

Alternatively the moist mercurous tungstate obtamned in the first
precipitation 1s rinsed back mto the beaker and evaporated nearly to
dryness with aqua regia. The tungstic acid 1s filtered off, 1gnited,
weighed, and trcated with hydrofluoric and sulphuric acids ; the dry
residue 1s 1ignited and weighed as pure WO,

In the analysis of arsenical ores, the weighed tungstic acid may be
tested for arseme, 1if desired, by fusing 1t with sodium carbonate, satu-
rating the solution of the mclt with hydrogen sulphide, and acidifying
with tartaric acid : 1If arsenie 1s present, a yellow preeipitate of arsenie
sulphide 1s thrown down. Antmmony may be tested for i exactly the
same manner; or the tungstic acad may be fused with potassium
cyamde, giving potassium tungstate and a globule of metallic
antimony.! )

(e) Separation from Silver—If argentiferous ores arc treated with
aqua regia (a), the mixed precipitate of silver chloride and tungstic acid
is dissolved 1n ammonia, and the solution trecated with ammonium
sulphide ; silver sulphide will be precpitated.

(f) Separation from Molybdenum.—Scc Molybdenum, § III, (f).

(g) Separation from V.anadium.—Scce Vanadium, § ITI, (b) (1).

§ IV. Gravimetric Determination,—Tungsten is weighed as trioxide,
obtained as described below.

(a) By Ignition of Ammonium Tungstate.—A solution of ammonium
tungstate frece from other fixed constituents 1s evaporated to dryness
in a tared porcclamn or platinum dish and the residue ignited, gently at
first, then more strongly, till pure ycllow.

(b) By Precipitation with Mercurous Nitrate.2—To the ammoniacal

1 Hallopeau, Bull Soc. Chum., 1897, 17, 170.

$ Hutchin, Analyst, 1911, 36, 398 ; Desvergnes, Ann Chum anal , 1904, 9, 321 ; Gibbs,
Proc. Amer. Acad, 1879, 18, 134 ; Amer. Chem. Journ., 1879, 1, 219; v. d. Pfordten,
Z. anal. Chem., 1885, 24, 92.
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‘

solution of ammonium tungstate a drop of mcthylorange 1s added and
nitric acid till the solution is just acid; 1t 15 now rendered alkaline
with an cxcess of two drops of 25 per cent. ammonium carbonate solution
and a cold saturated nearly neutral solution of mereurous mtrate added
drop by drop with constant stirring until the precipitate coagulates,
leaving the supernatant hquid clear.  Complete precipitation is tested
for with a drop or two of merecurous nitrate.  The contents of the beaker
are heatcd ncarly to boiling, left to settle, and filtered through a loose
filter paper (Whatman No. 4). The preeipitate is washed with hot
water containing 1 c.c. of the mercurous nitrate solution per htre,
ignited wet, and weighed as WO, '

(¢) By Precipitation with Nuric Acid.2—The ammomacal solution
of ammonium tungstate is concentrated, if nceessary, to 50 c.c., an
equal volume of strong nitric acid added, and the solution boiled until
the tungstic acid changes to purc ycllow and scttles well.  The hquid
is filtered, the precipitate decanted three times with nitric aad (sp. gr.
1-1), transferred to the filter, and washed free from sodium salts with
the same acid, which 1s then displaced by ammomum nitrate. The
filtrate, which always contains a httle metatungstate, 15 evaporated to
dryness, the residue moistened with strong ammonia, and agam taken
to dryncss.  The mass 15 taken up with a mmimum of water, an cqual
volume of strong nitric acid added, and the solution boiled till the
preeipitate becomes pure yellow. It 1s collected on a small filter,
washed as before, and 1gnited together with the first precipitate to WO;.

(d) By Preapitation with Sulphuric Acid.*—The ammoniacal solu-
tion 1s evaporated as far as possible without separation of salts. An
excess of 10-15 c.c. of strong sulphuric acid 1s added and the mixture
evaporated to coprous fumes whilst constantly stirring.  Three c.c. of
nitric acid are then added to re-oxadise any reduced tungstic acid. The
mass 1s diluted with three times its bulk of water, the solution filtered,
and the precipitate washed free from alkaline salts with very dilute
sulphuric acid, then four times with alcohol. It 15 1gnited wet and
weighed as WO,.4

§ V. Volumetric Determination.—No volumctric method for esti-
mating tungstic acid has yet found a place m analytical practice, the
gravimetric processes being more reliable.  The volumetric methods are
based on saturation or oxidation.

1 Tungsten trioxide 1s not volatile at the full heat of a Bunsen burner, but appreciable
amounts will be lost if a blast 15 used Tho 1gnited precipitate should be puie yellow ;
if 1t 15 tinged with green, the alkah has probably not been completely washed out

2 g g Phhpp, Ber, 1885, 15, 501

3 Marguentte, Erdmann’s Journ., 85, 249

¢ Other precipitants which have been proposed are . (a) Lead acetate, Chatard, Amer.
Journ Sci, 1871, 1, 416, Breailey, Chem News, 1899, 79, 64, Ibbotson and Brearley,
shad., 1899, 80, 293, de Benneville, Journ Amer Chem Soc, 1897, 14, 377  (b) Quumne
acetate, Lefort, Chem News, 1882, 45, 57. (c) Cinchonine, Cremet, Kng Min Journ.,
1895, 59, 345. (d) Benzidine, v Knorre, Ber , 1905, 38, 783, Z anal Chem , 1908, 47, 37 ;
Wdowiszewski, Chem. Zeit , 1910, 34, 1365. (¢) u-naphthylamine, Tschilikin, Ber., 1909,
42,1302. (f) “Nitron,” Gutbier and Weise, Z. anal Chem., 1914, §3, 426. (g) Stannous
chloride, Mdiviam, Bull. Soc. Chum., 1911, 9, 122; Marbaker, Journ. Amer. Chem. Soc.,
1916, 87, 86.
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(a) Acidimetric Method.—The yellow precipitate of tungstic acid
obtaincd by decomposition of tungstates with nitric acid is washed
frec from 1ron with dilute acid, then to neutral reaction with 5 per cent.
sodium nitrate solution. It is dissolved mm warm decimormal sodium
hydroxide solution, the exeess of which is determined by decimormal
acid in presence of phenolphthalein?  Or 1t is dissolved in ethylamine
and the excess titrated back with oxalie acid, using the same mndicator.
The latter process 1s stated to give good results m presence of silica,
tantalic, and columbic acids.

(b) Owidation Method.2—The strongly acid hydrochlorie solution is
vigorously reduced with zme in an atmosphere of carbon dioxide.  When
all the zinc has dissolved, the blue hiquor 1s titrated with ron alum in
presence of thioeyanate.  Repeated attempts on the part of the authors
at using this method gave unrchable results.

§ VI. Colorimetric Determination.—The reduction of tungstic acid
to the blue oxide has been made the basis of o colorimetrie process for
determmmg small quantitics of the clement.  In Travers’ method,® the
sodium tungstate solution, occupymg a bulk of about 60 c.c., and con-
taming less than 1 mgrm. of tungsten per c.c., 15 exactly neutralised,
then acidified with 2—4 c.c. of normal hydrochlorie acid. A shght excess
of titanous chloride solution (about 2 mgrm. T1 per c.c.) 15 added, and
the colour matched agamst a standard prepared from pure sodium
tungstate. With the above maximum concentration of tungsten the
colloidal suspension 1s stated to keep for about thirty seconds, after
which flocceulation sets . Vanadium, phosphorus, and molybdenum
mterfere ;3 the coloration 1s also affected by a greater degree of acidity
than corresponds to 10 c.c. of normal acid per 100 of solution.

We have suggested the addition of tartarie acid to the hquid before
reduction m order to obtain a true solution of the blue oxide.4

§ VII. Detection in Ores.—(a) All tungsten minerals on fusion with
sodium carbonate, hydroxide, or peroxide and cextraction of the melt
with water yield a solution of sodium tungstate which 1s tested as
follows :—*

(1) Hydrochlorie acid in the cold produces a white flocculent precipi-
tatc of hydrated tungstic acid (¢.v.), which on boiling changes to the
ycllow anhydrous acid. Both precipitates are msoluble i acids but
soluble 11 ammonia and alkalies (¢f. Columbium). Phosphoric, arsenie,
borie, tartaric, or oxalic acid prevents the preeipitation.

(2) Addition of zinc and hydrochloric acid to a soluble tungstate
produces a deep blue precipitate, or solution if phosphoric acid 1s present
(¢f. Molybdenum, Columbium, and Vanadium).

(b) A particle of a tungstate mineral boiled with strong hydro-

1 Mennicke, op cit, p. 118.

2 Kneeht and Habbert, Proc. Chem. Soc., 1909, 277,

3 Compl. Rend , 1918, 166, 416

¢ Bull 166, Inst Min Met (July 1918).

5 Further tosts are given by Torossian, Amer Journ Scu., 1914, 38, 537 ; Hartmann,
Chem. News, 1916, 114, 45, Defacqz, Ann. Chim. Phys., 1901, 22, 238 ; Frabot, Ann.
Chym. anal., 1904, 9, 371,



TUNGSTEN. 17

chloric acid becomes coated with a bright yellow deposit of tungstic
acid ; the coating is soluble in ammonia or caustic soda.

§ VIII. Determination in Ores.—The determination of tungsten is
subject to serious crrors in presence of certain elements frequently
found in its ores ; 1n most cascs their influence can be counteracted by
applying a suitable method of decomposition.

Wolfram may be decomposed by any of the methods given below,
whereas scheclite should not be treated by digestion with caustic soda,
because the attack is not always complete and there 1s danger of pre-
cipitation of calcium tungstate on diluting the alkaline solution. If
much mispickel is present therc 1s a possibility of some tungstic acid
escaping precipitation in the agua regia mcthod owing to the formation
of complex acids. With such ores, bisulphate fusion should be resorted
to. Mispickel can be separated from wolfram (but not from scheclite)
by digestion with warm mtric acid (1-15). Phosphates interfere like
arsenates, and ores containing them should be fused with alkali and the
phosphorus removed as described 1n § ITI, (b) (2). If fluorides are pre-
sent, the aqua regia method will often yicld low results, tungstic acid
being soluble in hydrofluoric acid ; fusion with sodium carbonate or
bisulphate should therefore be employed. Ores containing silicates
decomposable by acid should be treated with hydrofluoric acid (sce (d)).2
Material rich 1in titanium is fused with sodium carbonate (¢).2

(a) Aqua Regia- Ammonium Tungstate Method® (Suitable for
high-grade ores and concentrates.)—One grm. of the shmed ore 1s
weighed into a 250 c.c. round flask, 100 c.c. of strong hydrochloric acid
added, and the flask agitated till the ore 1s thoroughly mixed with the
acid, leaving no unwctted particles. The acid 1s brought nearly to
boiling, with occasional agitation to prevent thc ore sticking to the
bottom, and kept at that temperature until all the tungstate is dissolved.
A white or brownish-white restdue may be quartz or cassiterite, while
a black, somewhat flocculent residue will probably consist of sulphides
(pyrites). The acid 1s boiled down to about 10 c.c., 10 c.c. of strong
nitric acid are added, the contents of the flask boiled down to about 5 c.c.
and diluted with 50 c.c. of boiing water. The preceipitate is left to
settle, dccanted through a closc-texturced paper (Whatman No. 5), and
washed by decantation with water shghtly acidificd with hydrochloric
acid until the washings are free from iron. The tungstic acid on the paper
is rinsed back into the flask with a small quantity of water, and suffi-
cient strong ammonia added to dissolve 1t, together with a tiny crystal
of ammonium nitrate. The solution is boiled till any precipitate has
coagulated and settled, then filtered through the same filter into a tared

1 See Gughalmelll and Hordh, Anal. Soc. Quim Argentina, 1917, 5, 81, for discussion
on errors mtroduced into the assay by the presenco of silica.

* Defacqz, Compt, Rend , 1896, 123, 823, recommends throwing the finely powdered
ore (1 grm.) into 8 grm. of a mixture of eight parts of potassium mtrate and two parts of
potassium carbonate heated just to fusion and fusing for twenty to thirty minutes, when
all the tungstic acid 1s rendered soluble.

3 Watts, Chem. News, 1907, 95, 19, Hutchin, Analyst, 1911, 368, 398 ; Hartmann,
Chem. News, 1916, 114, 27. 19
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evaporating basin (80 c.c.); the flask and filter being washed wi
solution containing 1 grm. of ammonium nitrate and 10 c.c. of st
ammonia per hitre.  The filtrate which now contains the greater
of the tungstic acid as ammonium tungstate 1s cvaporated to dry
on the watcr-bath, the residuc heated gently until all ammonium .
arc driven off, then finally 1gnited over a Teclu burner and weighe
WO, (see § 111, (a) (2)).

If any but transparent quartzy material remains m the flask
advisable to repceat the trecatment with about 20 c.c. of hydroch
acid, although the tungsten minerals are readily soluble provided shr
has been thorough. If a further small quantity of tungstic ac
obtained, 1t 1s filtered off and washed on the paper previously v
In any casc the latter as well as the residue i the flask musd
treated with hot 10 per cent. caustic soda, the solution boiled with
excess of ammonium nitrate till the preeipitate coagulates, filtered,
the filtrate ncutralised and precipitated with mercurous nitratc
prescribed m § 1V, (b). The small amount of tungsten trioxade
obtained 1s added to the bulk ; 1f not pure ycllow 1t should be pur.
(§ 111, (d)).

(b) Aqua Regia-Mercurous Nitrate Method. (Suitable for medi
grade tungsten ores and tin concentrates).’--The ore 15 attacked a
(a), the washed tungstie acid being dissolved directly m hot 1
cent. caustic soda without previous ammonia treatment.  The solu
is boiled with 5 grm. of ammonium nitrate and filtered.  The filtrai
ncutralised with mtrie acid and preeipitated with mereurous nit
(§ IV, (b)).

(¢) Fusion Method.?2 (Best method for ores contamimg ilmenit:
rutile).—0 5 grm. of ore1s fused for half an hour with 3 -4 grm. of sod
carbonatc mn platinum and the melt leached with water, the solu
filtered and the residue washed with hot 1 per cent. sodium carbon
The latter as treated with dilute hydrochlorie acid and any undece
poscd ore filtered off, 1ignited, and again fused.  The solution contan
the tungsten 16 boiled with an exceess of ammonium nitrate, filtered,
cpitated by one of the methods deseribed under § IV, (b)—(d), and
tungstic acid purified if necessary.

(d) Hydrofluoric Acwd-Fusiwon Method. (For low-grade orcs
tailings.)—Five grm. of the finely powdered ore are evaporated with 4
50 c.c. of hydrofluoric acid 1n a platinum basin. ' When the mass beco
pasty, 5 c.c. of mitrie acid are added and the whole evaporated to dryt
The dried residue 15 washed into a beaker with 40 c.c. of water and 5
of nitric acid, the solution heated to dissolve sulphides, diluted v
150 cc of hot water, and allowed to stand till the preeipitate set
completely. Tt 1s then filtered off, washed with hot water. dr
ignited, and fused with sodium peroxide m an ron crucible.  The 1
is leached with hot water, the aqueous extract made up to 250 c.c.,
200 c.c. filtered through a dry paper after rcjecting the first port

! Hutchin, loc at, p. 177.
* Hartmann, loc. cst., p. 177, Low, Technical Methods of Ore Analysis.
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The filtrate is boiled with an excess of ammonium nitrate, filtered if
necessary, any precipitate being washed with 2 per cent. ammonium
nitrate solution. The filtrate 1s nearly neutralised with nitric acid and
the tungstic acid precipitated with mercurous nitrate (§ IV, (b)).

(e) Caustic Soda Method.* (For low-grade orcs; mapplicable to ores
containing schechte.)—5-10 grm. of the finely powdered ore are
heated for threc-quarters of an hour with 20 c.c. of 25 per cent. solution
of caustic soda in a porcelain basin. The solution 13 transferred to a
250 c.c. graduated flask and made up to the mark. 200 c.c. are poured
through a dry filter, transferred to a beaker, and boiled with excess
of ammonium mtrate. The precipitate is filtered off and washed with
2 per cent. ammontum nitrate ; the filtrate 15 precipitated as usual with
mercurous nitrate. More often than not the igmted tungstic acid
requires purification.

(f) Bisulphate Fusion. (For mmpure ores contamnmg mispickel
and fluorspar; not suitable for phosphatic material.)—The fusion is
described under § 1X, (a) (2); the solution obtamed by leaching the
melt with 5 per cent. tartaric acid 15 filtered from the gangue and
treated as under § 111, (¢).

§ IX. Determination of Impurities in Ores. —The most objectionable
impuritics commonly met with i tungsten ores arc tin, arsenie, bismuth,
copper, sulphur, and phosphorus; methods for their determination
which the authors have found both rapid and accurate are deseribed
below.

(a) Tin, the most important mmpurity, 1s almost mvarably present.
While 1t 15 not so objectionable 1 wolfram ores, from which 1t can be
chmmated by electromagnetie separation, 1t 15> a most harmful con-
stituent of scheelite ores, as no commercial method for the satisfactory
separation of the two munerals 1s known. The tin may occur as cas-
siterite or stannine, or both; the methods given below are applicable
in every case.

(1) Aqua Regia Method.—The 1soluble residue from the extraction
of tungstic acid m the agua regia method may be fused with sodium
peroxide and the assay procceded with according to Pearce’s directions.
If stannme 15 present, some tin will be found mn the acid solution of
the bases.  This 1s recovered by adding ammonia to the hquid, filtering,
igniting, and fusig the precipitate (ferrie plus stannie oxide) together
with the insoluble residue.

(2) Bisulphate-Tartaric Acid Method.*—Once grm. of ore (-90 mesh)
1s fused with 5 grm. of dehydrated bisulphate in a silica crucible.  About
five minutes is generally sufficient.  The melt is poured mto a nickel
crucible hid and, when cold, dropped mto a beaker containing 50 c.c. of
hot 5 per cent. tartaric acid solution, the crucible leached with the
same solution, and the liquor and insoluble matter carcfully transferred
to the beaker. The assay 1s boiled until solution of the cake is complete.
Hydrogen sulphide is then passed through the solution, for, even if no

1 Hutchin and Tonks, Analyst, 1909, 34, 457 ; Inst. Mwn. Met., 1909, 18, 425.
* Powell, Journ. Soc. Chem. Ind., 1918, 87, 285,
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stannine is present, a very small amount of tin (¢.e. less than 1 mgrm.)
is often rendered soluble i the fusion. The combined insoluble matter
and sulphide precipitate are filtered off, washed thoroughly with very
dilute ammonium acetate solution, ignited wet in an iron crucible (any
arsenic sulphide is largely volatilised), and fused with peroxide as in
Pearce’s method. If copper or bismuth is present, the insoluble residue
from the fusion 1s filtered off, the filtrate precipitated by hydrogen sul-
phide, and the precipitate extracted with sodium sulphide.  The solution
of thiostannate 1s precipitated with dilute sulphuric acid, the stannic
sulphide filtered off, ignited, and fuscd together with the insoluble residue.
By using this method one operator can complete twelve assays in
three hours.

(8) Sodium Peroaide Method.!-—2-5 grm. of orc are fused with 12
grm. of sodium pcroxide in an iron crucible ; the melt is taken up with
hot water, the solution transferred to a 250 c.c. graduated flask, cooled,
and filled up to the mark. 100 c.c. arc filtered off, acidified with tartaric
acid, 8 grm. in excess and a few drops of hydrochloric acid added, and
the tin precipitated from the hot solution by hydrogen sulphide. If
the colour of the precipitate proves arsenic to be present, the precipitate
should be ignited and fused with peroxide as in the regular tin assay ;
otherwise 1t 1s dissolved at once i hydrochloric acid and potassium
chlorate, the solution reduced, and titrated with 1odine.

(b) Arsenic 15 next to tin the most frequent impunity. It occurs
either as mispickel or as a ferric arsenate. The latter 1s very often
insoluble 1n nitrie, but soluble 1in hydrochlorie, acid, and hence cannot
be readily scparated from wolfram by a sclective attack. The first
method here deseribed 1s not applicable to ores containing arsenate.

(1) dced Attack.*—From 1 to 20 grm. of ore, according to the arscnic
content, are treated with 20 c.c. of strong nitric acid and 1 c.c. of bromine
at 50° to 60° for about an hour. The acid 1s then boiled down to about
10 c.c., diluted with 50 c.c. of hot water, liltered, and the filtrate precipi-
tated with an excess of ammonia. (If this docs not produce a reasonably
large precipitate of ferric hydroxide a httle ferric chloride should be
added to the acid solution, followed by an cxcess of ammonia.) The
precipitate contamning all the arscnie 1s filtered off, washed free from
nitrates with 2 per cent. ammonium chlonde, dissolved m hydrochloric
acid, and the assay reduced with an excess of stannous chloride.  Twice
the volume of strong hydrochloric acid 1s added, the arsenic precipitated
with hydrogen sulphide, the precpitate filtered and washed, first with
2:1 hydrochloric acid till free from tin, then with dilute sulphuric acid
till free from chlorides. It 1s then dissolved in strong sulphuric acid,
the solution ncutralised with sodium bicarbonate, and the arsenious
oxide titrated with weak iodine.

Alternatively, the ferric hydroxide precipitate may be distilled
with concentrated hydrochloric acid and ferrous chloride, and the dis-
tillate titrated with potassium bromate 1n the presence of methylorange.

1 Powell, loc. cst., p. 179,
2 Authors’ method.
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(2) Fusion Attack.!—From 125 to 5 grm. of ore are fused with
four to five times the weight in sodium peroxide; the cold melt is
leached with hot water, the liquid transferred to a 250 c.c. flask, cooled,
and made up to the mark. 100 or 200 c.c. are filtered off, saturated
with hydrogen sulphide, and warmed with 5-10 grm. of tartaric and
a large excess of hydrochloric acid. The precipitate 1s filtered off and
treated as in the preceding method.

(¢) Bismuth is usually present mn very small quantities, in which
case 1t is best determined colorimetrically.?

One grm. of ore is digested for ten to fifteen minutes with 10 c.c.
1: 1 nitric acid, the acid boiled nearly to dryness, and the residue taken
up with 50 c.c. 1:4 sulphuric acid. The solution is transferred by
decantation to a 250 c.c. flask and diluted to the mark. 25 c.c. are
filtered off into a Nessler tube, 8 c.c. of 50 per cent. potassium iodide
added, and then a 0-5 per cent. solution of sodium sulphite drop by drop
until the colour ceases to fade. The solution in the tube 1s then made up
to the mark (50 c.c.) and compared with a standard tubc containing
known weights of bismuth. The standard is prepared with 50 c.c. of
water containing 5 c.c. of 1: 4 sulphuric acid, 3 c.c. of potassium iodide
solution, and a few drops of the sodium sulphite solution. A bismuth
solution, contaming 0-1 grm. of bismuth per hitre, 15 now added drop
by drop to the standard tube till the tints match.  One c.c. of standard
solution is equivalent to 0-1 per cent. of bismuth on 0-1 grm. taken.

If much bismuth 1s present 1t 15 extracted from the ore by digestion
with nitric acid, the insoluble residue filtered off, the filtrate diluted
considerably, and the bismuth precipitated m the cold by hydrogen
sulphide, the precpitate digested with sodium sulphide, then with sodium
cyanide, dissolved 1n nitric acid, and the bismuth precipitated as oxy-
chloride or phosphate.

(d) Copper—The orc 1s digested with nitric acid, the wolfram
filtered off, and the copper in the filtrate precipitated in the cold by
hydrogen sulphmde. The precipitate 1s ignited, dissolved in nitric acid,
and the assay finished by any of the usual methods. If only small
quantities arc present ammonia 1s added without filtering off the wolfram
and the copper determined colorimetrically in an ahquot portion of
the filtrate.

(e) Sulphur.—The ore 1s digested with nitric acid and potassium
chlorate until all the sulphur has dissolved. The unattacked wolfram
1s filtered off, the filtratc evaporated to dryness, the nitric acid destroyed
by two evaporations with hydrochloric acid, the iron removed with
ammonia, and the sulphur precipitated in the acidified filtrate with
barium chloride in the usual'manner.

(f) Phosphorus.>—2-5-5 grm. of shimed ore are decomposed with
aqua regia, the tungstic acid is filtered off, and the filtrate evaporated

1 Authors’ method ; for distillation methods see Friedheim and Michaels, Ber., 1888,
28, 56 ; Hilpert and Dieckmann, ibad., 1913, 46, 152.

3 Cf. Beringer, Textbook of Assaysng.

3 See also Johnson, Journ. Ind. Eng. Chem., 1913, 5, 297,
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with hydrochloric to expel nitric acid. The residue is taken up w%th
dilute hydrochloric acid, the solution saturated whilst warm w_lth
hydrogen sulphide, allowed to stand overnight, and again treated w¥th
the gas. The filtered solution 1s boiled to expel hydrogen sqlphld.e
and cvaporated to dryness with excess of nitric acid.  The residue is
taken up with dilute nitric acid and the solution treated with molybdate
mixture as usual.

§ X. Complete Analysis of Ores.—The complete analysis of high-
grade wolfram or schechte concentrates is often required in connection
with the manufacture of tungsten. The dircetions given helow apply
to such materials.

First Portion.—

1 grm  aqua regua troatment (§ VITL, («))

R?: extract with NH,OII, then with 1 per | F1  take to dryness, acidify, filter
cent NaOH (§ ITT, (v) (2))

R?  boil with salieyhe ’ 2 WO, §TV) [T pass H.S, filter f R¢  2nd 810,
acid (Columbium, § 111, ' — o — -—

(e)), filter F7  oxidise with | P?  Pb, Bi, Cu, As,
0 1t sTir o | HNO G, basic|ete (sco Procedures

R®. igmte and

"3 1] ) )

F3 T10,(('b,§ TIT, () acetate separation |1 and 2)
weigh  Evaporate ' — —_— e e |
with HF+ H,80,, weigh again F*  bol with Br|P®  dotormme Fo,
R4 . reduce mn H current, | 14 Ist S10), xittgltom"l sodium :M_’ T o
extract with 11Cl — S av ) — —

T i} ™ ‘o . (! . 0
s Sn Titrate I determime (‘a, Mg \ 1* MnO,

R&: Ch,04 4 Ta,0O4
Weigh

Notes —R® 1t 15 usually superfluous to separate the two earth acids
P7 - this wall contam tin f stanmne 1 present m the ore  In this case zinc
should be looked for in K?®

If the ore contains silicates, such as felspars, not decomposed by
the acid trcatment, the residue R* 15 fused with sodium carbonate,
the melt evaporated to dryness with nitre acid, and taken up with
nitric acid. The residue contamns sitheie, stannie, columbie, tantalic,
and titanic acids, which are treated as detailed above. The acid filtrate
containing the silicate bases 1s added to filtrate K.

Second Portion.— This 15 used for the determination of sulphur
according to § IX, (e).

Thwrd Portion.—For phosphorus detcrmmation, § IX, (f).

URANIUM.

§ I. Minerals.—All uranium minerals are radioactive.

(a) Oxides, Carbonates.—(1) Uraninite, uranoso-uranic oxide, U,0,,
is a black pitch-like heavy mineral : sp. gr. 9-5 for the crystallised
varieties, 6:4 for altered and massive varietics ; H 5-5. Non-magnetic,
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brittle. Conchoidal fracture. It crystallises in the cubic system and
is sometimes found as octahedra, but more often massive or botryoidal.
Streak brown-black to olive-green and shming.  There are many
varicties of the mineral, of which petchblende 15 the most important.
This 1s a highter (sp. gr. 6 5) amorphous, black mincral, which differs
from urammnite in that 1t contains only traces of thornum and rare
earths. Gummite 1s an orange to red-brown variety contammng about
70 per cent. UQg : streak yellow.  Cleveite contains about 10 per cent.
of yttra carths ; broggerite 1s a varicty in which the ratio UO, to other
bases 15 1:1; wuranonwbite contams up to 2:6 per cent. of mtrogen
and rare gases.

(2) Rutherfordine, uranyl carbonate, U0,CO,, 1s a yellow, strongly
radioactive alteration product of uraninite.

(8) Uranothallhie, U(C0,),.2CaC0,;.10H,0, and Liebigite, UO,CO;.
Ca('0,.20H,0, arc varietics of uranium caletum carbonate. They are
both soft (H 2), green, translucent mincrals having a wvitreous to
pearly fracture.

(b) Sihcates—(1) Uranophane, hydrous uranyl caletum silicate,
UO0,.Ca0.2810, 611,0, occurs as minute acicular prismis - stellate or
radiated aggregates, or massive with a fibrous structure. It 1s a honey-
coloured, soft (I 2-5) mieral with a vitreous to pearly lustre.  Sp. gr.
3-8.

(2) Thorogumnute, U0,.3ThO,.3510,.611,0, is a dull yellow-
brown, hydrated sitheate of uranyl and thoria crystallising in the
tetragonal system ; the erystals resemble those of zircon (q.v.). H 453
sp. gr. 4-5.

(3) Yihrogummate 1s a translucent black mineral with a brilhant
lustre and conchoidal fracture; 1t consists of a silicate of uranyl,
thoria, and yttria.

(¢) Phosphates and arsenates of uranyl and copper, hme, or baryta;
gencral formula R"0.2U00,.P,0,.8H,0.

(1) Torbermte (copper uranite), copper uranyl phosphate (H 2-5;
sp. gr. 8-5), 1s a bnttle emerald-green mineral with a pearly to ada-
mantine lustre and mucaceous cleavage. Tetragonal, occurring in
thin, transparent tablets or 1in micaceous aggregates.

(2) Zeunerite 1s the arsenic analogue of torbernite, which 1t closely
rescmbles ;3 though the cleavage 1s perfeet it is not micaceous.

(8) Autunite (hme uramte), calcium uranyl phosphate, occurs as
thin tables or micaccous aggregates of a lemon-ycllow colour giving
a pale ycllow strcak. Perfect basal clecavage, and pearly lustre on
cleavage faces. It 1s easily split up into brittle laminae ; orthorhombic,
usually transparent to translucent. H 2:5; sp. gr. 8-1.

(4) Uranospinte, the arsenic analogue of autunite, crystallises in
green rectangular tables belonging to the orthorhombic system. H 2-5;
sp. gr. 3-4. In other respects it rescmbles autunite.

(5) Uranocircite is autunite m which caleium is replaced by barium.
Yellow-green mineral, sp. gr. 8:5; resembles autunite.

(d) Other Phosphates and  Arsenates. — (1) Phosphuranylite,
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(UO,);P,0,.6H,0, forms deep lemon-yellow incrustations consisting of
minute rcectangular crystals with a pearly lustre.

(2) Trogerite, (UO,)3A5,04.12H,0, occurs as thin, ycllow, mono-
clinic tables with a pearly lustre and perfect cleavage. Sp. gr. 8-8.

(8) Walpurgite 1s a yellow basic bismuth uranyl arscnate occurring
in thin triclinic cleavable scales with a greasy lustre ; often twinned.

(e) Other Munerals—(1) Uranosphaerite is a hydrated bismuth
uranate found in greasy, orange, globular aggregates of radiated con-
centric crystals. Strcak yellow. H 2; sp. gr. 6-4.

(2) Uranium is also found in minecrals (e.g. uranic ochre and zippeite)
consisting of basic uranyl sulphates with copper or lime or both, result-
mng from the decomposition of other uranium mincrals, especially
uraninite and 1its varieties. )

(8) Vanadates (carnotite, ete.). See Vanadium, § I.

(4) Many titano-columbates, and minerals containing thoria and
rare earths (g.v.), contamn uranium.

§ I1. Properties and Compounds.—(a) The metal is obtained by
reducing the oxide, U 04 with carbon in the electric furnace. It is
white and reacdily combines with oxygen, the halogens, sulphur, and
nitrogen.  As a fine powder 1t decomposes cold water. The element
and all its compounds are radioactive. Sp. gr. 187 ; M.P. 1500°,

(b) Uranium drwaide, UO,, is a brown powder formed by hcating
the oxide, UgOy, 1n hydrogen. It has a sp. gr. of 10-15 and is soluble
in strong sulphuric acid, giving uranous sulphate, U(S0,),.9H,0 ;
strong nitric acid dissolves 1t to uranyl nitrate, UO,(NO,),.6H,0 ; aqua
regia converts 1t into uranyl chlonde, UO,(Cl, H,O. From fused bhorax
it erystallises m black octahedra 1somorphous with thora (q.v.).

(¢) Uranoso-uranic oxrde, U,04, 15 a satmy dark green powder formed
by 1gmtion of ammonium wuranate, uranyl nitrate or carbonate, or
any oxides of uramum i air. Sp. gr. 7 2. Soluble n strong nitric
or sulphuric, more difficultly so m hydrochlorice acid.

(d) Ammonium diuranate, (NH,),U,O,, is an amorphous, dcep yellow
precipitate formed by adding ammonia to a uranyl salt. Soluble in
acids. On jgmtion in air 1t leaves U0,

(e) Sodium diuranate, Na,U,0,, is a ycllow to orange precipitate
produced by caustic soda in solutions of uranyl salts.

() Uranyl nitrate, UOy(NO,),.6H,0, 1s formed by dissolving any
oxide of uranmum i mtric aad. It crystallises as lemon-yellow,
fluoreseent, rhombic prisms, readily soluble in water, aleohol, or ether.

(&) Uranyl ammonium phosphate, UO,NH,PO,, 15 a greenish-yellow
amorphous precipitate insoluble in acetic acid, obtained by mixing
uranyl acctate with ammonium chloride and sodium phosphate solu-
tions. On 1gnition 1t gives uranyl pyrophosphate, (UO,),P,0,.

(h) Uranyl ammonium carbonate, UO,C0,.2(NH,),CO,, is very soluble
in water, and is formed by adding excess of ammonium carbonate to solu-
tions of uranyl salts. The corresponding sodium and potassium com-
pounds are obtamed 1n the same manner, and are also soluble in water.

(?) Uranyl ferrocyanide. Sec § VI, (b).
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(j) Uranyl §ulphide, UO,S, is precipitated from neutral uranyl
solutions by the addition of ammonium sulphide. It is a brown
precipitate insoluble in ammonia (distinction from vanadium), but
soluble in ammonium carbonate and in acids.

§ III. Quantitative Separation.)—In the general analytlcal pro-
cedure, uranium is found amongst the elements of the ammonia group.
Advantage is taken of its solubility 1n solutions of alkali carbonates
for separating 1t from many of the commoner mectals. The following
methods serve for the scparation from most elements accompanying
uranium in acid solution :—

(a) Separation from Lead.—This is best accomplished by precipitat-
ing lead as sulphate. The mitrate solution is evaporated with sulphuric
acid to fumes as usual.

(b) Separation from Metals of the Hydrogen Sulphide Group other
than Lead.—'Thesc are precipitated by hydrogen sulphide from a solu-
tion containing 5 per cent. of strong hydrochloric acid. It 1s some-
times advisable to dissolve the precipitate in acid and rcpeat the
precipitation.

(¢) Separation from the Rare Earths.>-—The rare earths are pre-
cipitated from weakly acid solution with a small excess of oxalic acd ;
the solution 15 warmed to 60° and allowed to stand overmight. The
oxalate precipitate 1s filtered off and the solution evaporated to dry-
ness ; the residue 15 gently 1gmted to destroy oxalates, and digested
with hydrochloric acid, any insoluble material from this trecatment
being brought into solution by fusion with bisulphate.

(d) Separation from Iron,3® Titanium, Cobalt, Zinc, Manganese.—
The filtrate (100 c.c.) from the rare carth scparation, or—if nonce of the
latter were present—the solution of the ammoma precipitate i hydro-
chloric acid, 1s treated with excess of ammonia, 5 grm. of ammonium
carbonale, and a sufficiency of ammomum sulphide.* The mixture
is allowed to stand overmght i a corked flask, filtered, and the pre-
capitatec washed with water contamning ammonium carbonate and
sulphude. The filtrate 1s boiled, acidified with hydrochloric acid, again
boiled to expel hydrogen sulphide, and the uranium preeipitated with
ammonia. The sulphide precipitate, if bulky, should be re-dissolved
and rc-precipitated as before. The uranium precipitate may con-
tain berylllum, phosphoric acid, and small quantities of aluminium
and zirconium. If nickel is present, the method given under (e) is
preferable.

(e) Separation from Iron,5 Titanium,® Cobalt, Nickel, Manganese,
Zinc, Berylhwum, and Alkaline Earths.—The boiling ncutral solution
(about 50 c.c.) is poured into 50 c.c. of hot water containing 8 grm.

L Kern, Journ. Amer. Chem. Soc, 1901, 28, 685, Brearloy, The Analytical Chemistry
of Uranwum, London, 1903,

2 Hillebrand, Bull. U S. Geol. Survey, No. 78 (1890), 43.

3 See also Glaser, Chem. Zeit., 1912, 36, 1166.

¢ Rose, Chem, News, 1871, 24, 233.

5 Basic Acetate Separation, Rhemneck, Chem. News, 1871, 24, 233; Brearley, op.
cit., footnote 1.
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of sodium carbonate.! After boiling for ten minutes the solution is
diluted to 850 c.c. and boiled for another half hour. The precipitate
is allowed to settle, filtered off, and washed with 1 per cent. sodium
carbonate solution. The filtrate is boiled with hydrochloric acid to
expel carbon dioxide and the uranium preapitated with ammonia.
This preeipitate may contain phosphorie acid and small amounts of
aluminium.

(f) Sepawration  from  Alumintum.2— The ammonia precipitate
obtained as under (e) is dissolved 1 nitric acid and the uranium and
alum'nium precipitated as phosphates according to § IV, (¢). The
washed precipitate 15 boiled with dilute nitric acid, the solution filtered
and boiled with cxcess of sodium carbonate. Sufficient ammonium
chloride 1s added to decompose the sodium carbonate, and the liqud
allowed to stand for two hours. The alummium phosphate is filtered
off and washed with very dilute ammonium carbonate.

(g) Separation  from Zarconrum.— Zircomum is precipitated as
phosphate from a solution contaiming hydrogen peroxide and 1 per
cent. of free sulphuric acid.  (Sce Titanmum, § ITI, () (2).)

(k) Separation from Vanadiwum.3—(1) The best method consists in
just acidifying the alkaline carbonate solution (from (d) or (e)) with
nitric acad and adding excess of lead acetate, and ammonmum acctate
to replace the nitric acid ; the vanadium 1s precipitated as lead vana-
date; the uranium 1s 1 solution together with the excess of lead,
which 1s removed by hydrogen sulphide, or preferably sulphurie acid.

(2) To the sulphuric acid solution of the uranium and vanadium,
containing not more than 0-25 grm. of UzOq, 0-5 grm. of (NH,),HIPO,
is added, the solution heated to boiling, and treated with an excess
of ammonia. The uranium is precipitated as UO,NII,PO,; the
vanadium 1s in solution. If much vanadium is present the precipitate
is dissolved m dilute mtric acid and re-precipitated with ammonia.4
The precipitate should be washed with dilute ammonmum sulphate
solution.

(2) Separation from Phosphoric (Arsenic) Acid.>—The shghtly acid
(hydrochloric) solution 1s trcated with an excess of potassium ferro-
cyanide and saturated with sodium chloride. The preaipitate of
uranyl ferrocyamde 1s filtered off and washed with cold saturated
sodium chloride solution until the washings are free from ferrocyanide.
The mowst precipitate is digested in the cold with caustic potash, the
potassium uranate filtered off, washed with ammoma and ammonium
chloride till free from ferrocyamde, and dissolved in dilute hydro-
chloric acid. Any isoluble matter 1s filtered off and re-treated with
caustic potash as above. The combinced filtrates arc treated according
to (b) if copper 1s present ; 1ron 1s next removed as under (¢). If much

1 Patera, Z. anal Chem , 1866, 5, 228 ; Low, Technical Methods of Ore Analysis,
3 After Brearloy (op cit., p 185).

3 Moore and Kithil, Bull 70, U.S. Bureau of Mines.

¢ Tinn, Journ. Amer. Chem. Soc., 1906, 28, 1443

5 Fresemius and Hintz, Z. anal, Chem., 1895, 34, 437,
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arsenic acid is present, direct precipitation of uranium as ferrocyanide
is preferable to removal of the arscnic as sulphide.

§ IV. Gravimetric Determination.—(a) As Uranoso-uranic Owxide
(U;04).2—The aaid solution is treated with a small excess of ammonia
(free from carbonate) and ammonium nitrate and hcated to boiling.
The yellow precipitate of ammonium uranate is allowed to settle,
filtered off, washed with a hot 5 per cent. solution of ammonum nitrate,
dried, ignited gently, and weighed as UgOg; this, if pure, should be of
a dark green colour.

(b) As Uranium Dioxride.—The green oxide, U0y, is heated to redness
in a strcam of pure hydrogen, whereby it is quantitatively changed to
the pure brown dioxide, UO,. After cooling in hydrogen it 1s weighed.
This 1s the most accurate method of estimating uranium,? the compo-
sition of the green oxide never being quite constant.

(¢) By Precipitation as Uranyl Ammonium Phosphate and Ignition
to Uranyl Pyrophosphate.3—The acid solution 1s treated with micro-
cosmic salt equal to at lcast ten times the weight of uranium present,
and heated to boiling ; ammomna 15 added drop by drop till a precipitate
begins to form ; this 1s cleared with a few drops of dilute nmitric acid,
after which 10 grm. of sodium thiosulphate arc added and the solution
boiled. After addition of 10 c.c. of 25 per cent. ammonium acctate
solution (¢.e. more than sufficient to replace the mitrie by acetic acid)
the solution 1s boiled ten mmutes longer. The granular precipitate of
uranyl ammonium phosphate and sulphur is 1gnited in a tared crucible,
the greenish residue moistened with mitrie acid, dried on the water-
bath, and gently ignited. It is weighed as (UO,),P,0,, which should
be of a pure lemon-ycllow colour.

(d) As Sodwum Diuranate, NasU,0,.4— THe acid solution of the
purc uranium salt 1s precipitated by the addition of cxcess of caustic
soda. The precipitate 1s filtered off, washed with hot water, dried,
and brushed off the paper on to a watch-glass. The paper 1s burnt
off in platinum, the rest of the precipitate added and strongly 1gnmited.
After cooling 1t is transferred to a small paper and well washed with
hot water to remove alkali. The preeipitate 15 agamn dried, ignited,
and finally weaighed as Na,U,0,. As purc caustic soda is difficult to
obtain the tendency is to get high results, but the method 1s useful as
a rapid check.

§ V. Volumetric Determination.——(1) The solution containing the
uranium as uranyl sulphate and 15 per cent. of sulphurie acid in a bulk
of 100 to 150 c.c., is heated nearly to boiling and passed through the
Jones’ reductor, preceded by 200 c.c. of 15 per cent. sulphuric acid.
The reducing column should be 18 in. long and charged with
20-mesh amalgamated zine; gentle suction is used. The reductor is
washed with 25 c.c. of the same acid, then with 250 c.c. of hot

L Kern, loc cit., p 185

2 Tieadwell-Hall, vol n. p. 101, ¢f Kern, loc cst.
3 Brearley, op cit., p. 185

4 Patera, loc cit., p. 186
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water. The contents of the receiver are poured slowly, with exposure
to the air, into a capacious porcelain basin, diluted with 200 c.c. of hot
water, and titrated with N/20 permanganate. During the reduction
the zine must always be kept covered with liquid; 0-8 grm. UO; re-
quires half an hour for complete reduction. The solution is usually
olive-green immecdiately after rcduction, but on exposure to the air
changes to sca-green, and the uranium is then all present in the tetra-
valent form.

(2) Instead of using the reductor,! the acid solution containing
the uranium in 15 per cent. sulphuric acid may be treated with 10 grm.
of granulated zine 2 or strip aluminium,® and the action allowed to go
on vigorously for half an hour, after which the zinc 1s filtered off on
cotton-wool. The solution 1s titrated at 60° with N/20 permanganate
(1 c.c=0-005955 grm. U, or 0:007022 grm. U,0,).

U0,S0,+2H,50,+Zn=U(S0,), +ZnS0, +2H,0
5U(SO,),+2KMnO,+ 2I1,0 =5U00,S0, +2KIHS0,+2MnSO0, + H,SO0,.

§ VI. Detection in Ores.—All uranium ‘minerals arc radioactive and
affcet a photographic plate (see Introduction). To detect uranium in
an ore it 1s digested with nmitric acid or fused with bisulphate, the solu-
tion evaporated to drynecss, the residue digested withh hydrochlorie
acid, and the heavy metals precipitated with hydrogen sulphide. The
filtrate is oxidised with hydrogen peroxide and boiled with an excess
of sodium carbonate. The uranium is in the solution, which is filtered,
acidified with hydrochloric acid, and boiled to expel carbon dioxide,
after which the following tests may be apphed :—

(@) Ammonia produces a yellow precipitate, soluble 1n ammonium
carbonate, re-precipitated on long boiling.

(b) Potassium ferrocyamide gives a brown precipitatc which on
digestion with caustie alkali is converted into ycllow uranate.

(¢) Reduction with zinc causes the yellow colour to change to deep
green.

(d) Ammonium phosphate, in presence of excess of acetate, produces
a greenish-white precipitate.

(¢) Addition of ammonia and ammonium sulphide produces a brown
precipitate soluble in ammonium carbonate.

( f) Caustic soda throws down a yellow to orange precipitate from
the acid or sodium carbonate solution.

§ VII. Determination in Ores.—(a) Method for Ores free from Rare
Earths. Applicable to Phosphate Ores.—From 05 to 1 grm. of ore is
boiled to complete decomposition with 10 c.c. nitric acid, using hydro-
chloric acid also if necessary, and finally evaporated to dryness to

! Newton and Hughes, Journ Amer. Chem. Soc , 1915, 37, 1711, reduce with titanous
sulphate, add bismuth oxide to destroy the excess of titanous salt, and titrate the filtrate
with permanganato

1 Ibbotson and Clarke, Chem News, 1911, 103, 148.

3 Campbell and Gniffin, Journ. Ind. Eng. Chem., 1910, 1, 455.

; slé)fter Moore and Kithil, loc. cst. (p. 186); Hillebrand, loc. cit. (p. 185), Low, op. cit.
(p- .
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remove silica. The residue is boiled with 8 c.c. of hydrochloric acid and
25 c.c. of water, the liquid filtered, the filtrate saturated with hydrogen
sulphide (under pressure if molybdenum or arsenic is present), and
filtered ; the hydrogen sulphide is expelled from this filtrate and the
iron oxidised with chlorate. The solution is now poured mnto 50 c.c. of
water containing 5 grm. sodium carbonate, boiled, removed from the
heat, treated with 5 grm. of ammonium chloride, and allowed to stand
several hours. The precipitate is filtered off and washed with dilute
ammonium carbonate ; if large, 1t should be dissolved and re-precipitated.
The filtrate is boiled to decompose ammonium carbonate, slightly
acidificd with nitric acid, and the carbon dioxide completcly expelled
by boiling. Microcosmic salt equal to ten times the uramum present
is now added, and nitrie acid drop by drop to clear any precipitate,
followed by 10 grm. of thiosulphate and 25 c.c. of acctic acid.  After
boiling five minutes, 10 c.c. of 25 per cent. ammonium acetate are
added and the boiling continued another ten minutes.  The precipitate
is allowed to scttle, filtered off, washed thoroughly first by decantation,
then on the filter with boiling water, and 1gnited wet 1 a poreclain
crucible. The residue is moistened with nitric acid, the latter evaporated,
the mass ignited, and weighed as (UQ,),P,0,.

(b) Method for Ores contawning Rare Earths, but free from Phos-
phoric Acid.—Uranmte and oxide or sihcate ores decomposed by
acids are opened up as under (a). Titano-columbates and the like
arce fused with six times their weight in sodium bisulphate ; the melt
is extracted with cold dilute hydrochloric acid and the solution filtered.
Either filtrate 1s treated with hydrogen sulphide, the precipitate
filtered off, and the solution oxidised with mtric actd It is then
neutralised and treated with an excess of 3 grm. of sodium carbonate.
After boiling and filtering, the precipitate 1s re-dissolved m dilute nitrie
acid and the solution again boiled with an cxcess of 8 grm  of sodium
carbonate. The combined filtrates are acidified with hydrochloric
acid, boiled to expel carbon dioxide, and preapitated with ammonia.
The precipitate is washed with ammonium nitrate, dissolved 1n hydro-
chloric acid, and the solution treated with 20 c.c. of saturated ammonium
oxalate solution followed by a few drops of hydrochloric acid. After
boiling and allowing to stand overnight the preapitate of rare carth
oxalates is filtered off, the filtrate evaporated to dryness, and the residue
gently 1gnited. It is dissolved in nitric acid, an excess of ammoma
and ammonium carbonate added, and the solution warmed. The
small precipitate of alumina 1s filtered off, washed with ammonium
carbonate water, re-dissolved in nitric acid, and re-precipitated with
ammonium carbonate. The combined filtrates are boiled to destroy
ammonium carbonate, the precipitated ammonium uranate dissolved
1n nitric acid and re-precipitated by ammonia, washed with 4 per cent.
ammonium nitrate, ignited, and weighed as UzOq The purity of
this may be tested by reducing it to the dioxide in a stream of hydrogen,
or by the following method (Hillebrand) :—The weighed U0y is placed
in a hard glass thick-walled tube with 10-15 c.c. of 1 : 6 sulphuric acid,



190 THE ANALYSIS OF THE RARER ELEMENTS.

the air displaced by carbon dioxide, and the tube sealed. It is heated
to 150°-175° until all has dissolved to a clear green liquid. After
cooling this is transferred to a beaker, diluted with 500 c.c. of cold
water, and titrated with N/50 KMnO, (1 c.c.=0 008426 grm. U;Oy).

U,0,-+-4H,50,=2U0,(S0,) + U(SO,),+411,0
2KMnO,+ 5U(S0,), +2H,0 =2KHSO0, 4 2MnSO, + H,S0,+ 500,50,

(c) Ores contawning Phosphoric (Arsenic) Acid.— The ore is dis-
solved in strong nitric acid, an cxcess of wron over that required to
combine with all the P,0; and As,0; added, and the solution neutralised
with ammoma, avording a permanent preeipitate ; 2 c.c. of acetic acid
(sp. gr. 1-04) arc added, the solution heated to boiling, and trecated with
20 c.c. of 25 per cent. ammomum acetate. The preapitate of phos-
phate and arscnatc of 1ron 1 filtcred off, washed with dilute ammonium
acetate, dissolved 1n nitrie acid, and the preapitation repeated. The
combined filtrates are treated with an cxcess of ammonia, the pre-
cipitate filtered, washed with 4 per cent. ammonmum mitrate, dried,
ignmited, and weighed as U,04 If much alkaline earths arc present
the precipitate should be re-dissolved 1m a mmimum of nitric acid, and
treated with a few c.e. of dilute sulphuric acid and an cqual volume of
alcohol. The precipitate 1s filtered off, washed with 40 per cent. aleohol,
the filtrate boiled to expel the aleohol, traces of copper removed with
hydrogen sulphide, the excess of which is boiled off and the uranium
precipitated as above with ammonia. (Sec also § 111, (2).)

(d) Determination of Uransum in Carnotite.—¥rom 2 to 5 grm. of
ore, according to the quantity of vanadium, uranmum, and iron, are
digested cold for fiftcen minutes with 10 c.e. of strong hydrochloric
acid with occasional shaking ; 5 c.c. of mitric acid are added, the solu-
tion heated to boithng, and finally evaporated to dryness.  The residue
1s taken up with 3 c.c. hydrochlorie acid and 5 c.c. water, the solution
heated on the stcam-bath for five minutes, diluted with 25 c¢.c. hot water,
and filtered. The residue, which may contam vanadium, 1s washed with
warm water, 1gnited 1n a platinum dish, treated with 5 c.c. of hydro-
fluoric acid, and cvaporated to dryness on the steam-bath, avoiding
baking ; 1t 1s taken up with 3 c.c. hydrochlorie acid and again evaporated
to dryness. The latter process 1s repeated onee more to ensure com-
plete expulsion of hydrofluoric acd, the final residue taken up with
5 c.c. 1: 1 hydrochloric acid, warmed until any red crust has dissolved,
and filtered into the mam hquid, which 15 then saturated with hydrogen
sulphide to remove heavy mctals. The filtrate from the sulphdes 1s
boiled to expel hydrogen sulphide, oxidised with hydrogen peroxide,
concentrated to 100 c.c., and neutralised with sodium carbonate. Three
grm. excess arc added, the solution boiled fifteen to twenty minutes,
filtered, the precipitate washed with hot water, re-dissolved m a mimimum
of nitric acid, hydrogen peroxide added, and the same excess of sodium
carbonate. The solution after boiling fiftcen minutes is filtered into
that from the first precipitation, the combined filtrates evaporated
to 200 c.c., neutralised with nitric acid, and boiled to expel carbon
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dioxide. The solution is neutralised with ammonia and 4 c.c. nitric
acid for each 100 c.c. of solution added, followed by 10 c.c. of 20 per
cent. lead acetate solution and 25 c.c. of 25 per cent. ammonium acetate.
The liquid is heated on the stcam-bath for one hour, filtered through
close-textured paper, the precipitate washed with warm water, and dis-
solved in a minimun of hot 1 : 5 nitric acid ; the solution is neutralised
with ammonia, and 8 c.c. of mitric acid, 2 c.c. of lead acctate, and 15
c.c. ammonia acctate added. The precipitate is filtered and washed
as before; the filtrates are concentrated to 400 c.c., 10 c.c. of strong
sulphuric acid added, and the lead sulphate filtered off and washed
with cold water. The filtrate 1s neutralised with ammoma, an excess
of ammonium sulphide added, and the solution hcated on the water-
bath till the precipitate scttles. It is filtered off, washed shghtly with
warm water and dissolved in 1 : 2 nitric acid, which 1s taken to fumes
with 5 c.c. of sulphuric acid. The cool mass is taken up with water,
the solution boiled, and allowed to cool ; the small preeipitate of lead
sulphate 1s filtered and washed with dilute sulphurie acid.  The filtrate
1s nearly neutralised with ammona, cooled below 30°, treated with an
excess of 2 grm. of ammonium carbonate, the precipitate allowed to
settle, filtered, and washed with warm water. If large or of a yellowish
colour 1t is dissolved i dilute sulphurie acid and re-precipitated with
ammontum carbonate as before.  The united filtrates are boiled with
dilute sulphuric acid until all carbon dioxide is expelled, a small excess
of ammonia added to the hot solution, and the whole allowed to stand
until the preeipitate of ammonium uranate collects and scttles, when
it is filtercd, washed with 2 per cent. ammonium nmtrate, 1gnited wet,
and weighed as U Oq It 1s advisable not to let the preaipitate run
dry on the paper after the first yashing, and m all cases 1ts purity
should be tested by dissolving 1t 1in mitrie acid and re-precipitating with
ammonium carbonate to make sure 1t 15 quute free from alumma; 1t
should also be tested with hydrogen peroxide for vanadim,

The vanadium 1s determned 1n the lead preeipitate by dissolving 1t
in dilute mitric acid, evaporating to fumes with 10 c.c. of sulphuric acid,
diluting, reducing with sulphur dioxide, and titrating with permangan-
ate (sec Vanadium, § V.). The wron precipitate after the second sodium
carbonate extraction may contain vanadium. It 1s 1gmted mm a
platinum crucible and fused with sodium carbonate, the cold melt
extracted with hot water, the solution filtered, acidified with dilute
sulphuric acid, reduced, and titrated as usual.

§ VIII. Complete Analysis of Ores.— (a) Oaides and Silicates.—
Mineral mixtures belonging to this class are hikely to be of great com-
plexity. Rare earths, zircontum, and sclentum have to be taken into
account in addition to the commoner mectals of all the analytical
groups. The scheme given below 1s fairly comprehensive, and includes
the estimation of noble and other gases found 1 most radioactive
minerals.
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First Portion.—

Dagest 1 grm of finely crushed ore with acid (§ VII, (a)) Evaporate to dryness, take up
with dilute HCl, filter

R!: extract with | F'- add F3 and F°, pass H,S, filter
CH,CO,NH,, filter

P+ extract with Na,S, filter Fo: oxidise with
R*. fuse | F?*: ppte HNO,, add 5 grm

with | with H;SO,, | R7: dissolve 1n|F?’: ppte with | NH,Cl, NH,OH,
Na,CO,. | add to P HNO,, evaporate | CH,CO,H, pass|pass H,S, filter.
Leach, '"—————— | with H,S50,, diluto | H,8, boil, filter, | Dissolve and re-

evaporate to dryness | with 4 vol H,0, |reject filtrate, | ppto, combine
with HClL, take up m | filter dissolve ppto | filtrates
dilute HCI, filter i HClI4KClO,,

P* add|F® pass|bol off Cl, pass | P!t. dis- | F11- Ca
lFs add to F! | ppte |H,S, fil-| S0, flter next| solve |(Ba), Mg

1gmte, from ¥Z, | ter, rejoct | day in HC1 | See Pro-

weigh Treat with| weigh filtrate, ———| +HNO;, | cedure9.

HF+4+H,80,, 1gnite, | PbSO, digest | ¥ | P0. Se, addbgrm

weigh again ppte with | add | reject. NH,Cl }——ro
K(‘N filter. H,0,,!— excess NH,OH,

R¢. fuse‘L‘ 810, N%—[,,()H, pass|filtor, repeat
with —————|R* deter-| F*  bo1l|H,S, acidify, | pption, combine
NaHSO, Leach with | mme B1 | with H,SO,,| pass H,S, boil, | filtrates
dilute H,S0O,, filter pass H,S, | filter, reject fil- | ———-
- filter off, | trate, treat ppte | P'? dis- [ I"2; add
RE - weigh | K8 ppte with | ignite, weigh ('aO for As and Sb | solve | I dotor-

BaSO,. NH,OH, dis- (Procedure 1) mn HCJ, | mino Mn,
solve in HCI, adjust | Zn, Ni,
add to F! acidity | Co (Pro-

to N/2, | cedure 6)
—! add '———

saturated C,0,H, solution in slight oxcess, warm to 60°, let Sta,nd overnight, filter

F13  evaporate to fumes with H,S0,, dilute, ncutralise
with Na,COy, add 3 grm_excess, boil, dilute_to 200
cc, boil agamn, filter  Dissolve ppte in HNO,; or
H,S0,; ropom: pption, combino filtrates

P13 Th and rare earths Seo
Thorium, § II[, and Rare
Earths, § III, (a)

P dissolve in HCl, add 1 grm of | F¥ - acidify with H,80,, boil to expel CO,
C H¢04, make ammoniacal, pass H,S, | Add NH,OH, filter, wash with 2 per cent.
filter IDissolve n HCl (a httle NiS | NH,NO,, reject filtrate  IDissolve in hot
or CoS may remain undissolved), add | dilute HNO,, add 1 cc of saturated
1 grm C,H Oq, repeat pption, com- | Na,HIPO, solution, pour into large cxcess

bine hltrates of (NH,),COg; warm, filter after 2 hours

Fi1s. Al Zr, Tr | P15 dissolveinaqua | P17  fuseo with|F7. if much U s

See T, § 111 reque, ppte TFo as| Na, ('O, leach,| present, take aliquot

———————— ' basic acctate, filter | filter portion contsiming less
than 025 grm. UzQ0,,

P1¢  determine Fe | F1¢ add to F'2 ppte as UO,NH,PO,
(§ IV, (c)).

P!*  fuse with a hittlo NaHSO,, leach, adjust | F*®  add

aadity to 1 per cent H,S0,, add H,0,, 1 cc of | to ¥1? |

Na,HPO, solution, filter next day.

F19: add F'¢, acidify shghtly, ppte with
Na,S,0; and CHZ3CO,NH,, filter, ignite and
weigh AIPO,

P jgmte and weigh as zircomum
phosphate containing 50 per cent
Zr0,

Second Portion: selenium.— Heat ore in chlorine current (see

-~ A wvwww  sein
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Third Portion : gases (helium, argon, nitrogen, hydrogen). Hille-
brand’s method.!—1-2 grm. of ore is mixed with six times its weight of
fusion mixture in a platinum boat. The latter 1s completely surrounded
by platinum-foil to prevent spattering on to the walls of the porcelain
tube in which the fusion is carricd out 1n a current of pure carbon
dioxide. The latter must contain no gascs unabsorbed by strong caustic
potash solution. When the air in the apparatus is completely displaced
by carbon dioxide the tube 1s heated gently, then to a bright red heat,
and kept at that temperature until the volume of gas collected over
strong caustic potash 1n a nmitromecter ceascs to increasc (two to three
hours). The gases are transferred to a tube filled with distilled water
and the corrected volume ascertained in the usual manner. To convert
the number of c.c. of gases per gramme of ore into per cent. by weight
1t 18 neeessary to determine the specific gravity of the mixture by
welghing the dried gas 1in a small gas pipette of known capacity.

Separate Portions for water (direct determination), carbon dioxide,
sulphur, and sulphur troxide.

(b) Tatanocolumbates.—Sce Tantalum, § VII.

(¢) Phosphates (Arsenates).—First Portion.—

1 grm , dissolve in HCL, add HNOj,, evaporate to dryness, take up with HCI, filter

R oxtract w CHZCO,NH,, filter | F* add F?, pass H,S, let stand overmght, again
pass gas, filter

¥2  add to Pb
n P4 T4 add eacess of 3
- -— —| grm Na,COs bol 10
- - | mmutes, filtor  Re-dis-
R3 determune | K8 add to FL, | solve and re-ppte as
S10, and BaSO, before, combine hltrates

R2 fuse with
Na,C0,,evaporate
with TICl, tiltor

P4 determine  As,Oy,
Cu, By, Pb (see also ¥?)

P8 dissolve i HCIL, apply basic acetate | F*  add suftiuent NH,('l to de-
separation compose Na,COj,, let stand two hours,
filter

P8 dissolve mn | F¢+  determmmo U
HCI, add to F®* | with Na,5,0, and
17  detormime Ba, Ca | P7  dissolvo in mini- | NaNH,HPO,(§IV )
-—— mum of HCl, pour
mmto NaOH, flte1, 1epeat treatment

I8+ add solution from P$, acidify with HCl, add 1 grm Na,HPO,, | P® - titrate Fe
ppte with Na,S,0,+CH3CO,NH,, 1gmite, weigh AIPO,

Second Portion : phosphoric acid.—Dissolve as described above ;
remove all As by H,S, evaporate filtratc with HNO; to expel HCI,
proceed as usual for molybdate method.

Third Portion : combined water (Penficld’s method).

(d) Carnotite. First Portion.—1 grm. of ore is trcated in the same
manner as a phosphate ore (see preceding table) up to the point where
the treatment of ¥4 with an excess of 3 grm. Na,COj results in a filtrate
F5 and a precipitate P5. These are treated as follows :—

1 Loc. cit. (p. 185).
13
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P3: agmite, fuso with 2-3 grm. Na,COg, | F5: add FS  Aadify with HNO,, boil

leach, filter. to expel (0, add Pb(CH4CO,), and

CH,CO,NH, (§ VII, (d)); repeat pption.

Re: dissolve m  HCI, [ I add to I -

apply basic acetate sepa- ¥ add HyS0, | P8: dissolve mn HNO,,

ration tiltor, 10ject ppte [evaporate with
Add NH,OH and | H,80,, 1educe with

P7 e, Ti, part of | 7 Ba, Sr, Ca, Mg | (NH,),8, filter, 10- | 8O, titrate V,0,

Al (Procedure 3) (Procedure 9) jeet filtrate  Dise | —mime e 0

- - ~! solve pptein HNO,,

evaporate to tumes with H,S0,, dilute, filter, 1cject ppte  Ppte with Na,S,0,,
Na,HPO,. and CH,('O,NH, (§ IV ) Extract with dilute H,SO,, fiter off sulphur,
boil with excess ot Na,('Og, add enough NH,(1 to decompose Na,('Qy, let stand two
howurs, hlter.

P?. agnite, weigh AIPO,. | F® acidify, boil, again ppte U as phosphate, igmte and

weigh,

Second Portion : for alkalies by L. Smith’s method ; test for La.

Thurd Portion : combimed water.

Fowrth Portion : for sulphur, 1f present.

§ IX. Technical Methods.—(a) Gravimetric.—(1) The ore 15 de-
composed as deseribed in § VIL («).  The filtrate from the sihea s
diluted to 100 c.c., ncarly ncutrahsed with ammoma, treated with
5 grm. of ammonium carbonate, heated to boiling, and filtered.  The
preaipitate 15 dissolved in hydrochloric acid and  the solution  re-
preeipitated as before. The combined filtrates are boiled to decompose
ammonmum carbonate and acidificd with hydrochloric acid, the solution
treated with hydrogen sulphide, the filtrate oxidised with hydrogen
peroaide, and the uramum preapitated as phosphate (§ VIL, (¢)). In
this method vanadium iterferes shghtly by replacing part of the
phosphorus in (UV0O,),P,0,.

(2) 1-5 grm. of ore 1s digested with mitric acd, the dry residue
taken up with dilute mitrie acid, and the msoluble gangue filtered off.
The solution 1s nearly neutrahised with sodium carbonate and poured
mto a boiling solution of 10 grm. of sodium carbonate m 50 c.c.
of watcer.  After boilling a short time the preapitate 1s filtered off
and washed with hot water. The filtrate is neutrahised with hydro-
chloric acid, boiled to expel carbon dioxide, and treated with an excess
of caustic soda, when all the uranium 1s thrown down as Na,U,0,. This
15 filtered off, washed, dried, and 1gnmted apart from the paper. The
ignited residuce 1s transferred to a filter and well washed with hot water
to remove adsorbed sodum salts.  The pure sodium diuranate is once
morce dried, 1gmted apart from the paper, and weighed.  Copper leads
to shghtly high rcsults ; arscnates, vanadates, and phosphates must
be abscnt.

() Rapid Volumetric Method»—A quantity of ore containing not
morc than 0-25 grm. U0, is dissolved 1 sulphuric acid (t:5) and
cvaporated finally to fumes. The cool mass is taken up in water,
the solution treated with an excess of sodium carbonate and well
boiled ; the precipitate is filtered off, washed with hot water, re-

1 Finn, Journ, Amer. Chem. Soc., 1906, 28, 1443,
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dissolved in a minimum of sulphuric acid (1:5), and the precipitation
with sodium carbonate repeated. The combined filtrates are acidified
with sulphuric acid ; 0-5 grm. of ammonium phosphate 1s added, the
solution heated to boiling, and madec just alkaline with ammonia.
After boiling a few minutes the preeipitated uranyl ammonium phos-
phate is filtered, washed with 2 per cent. ammonium sulphate solution,
dissolved in dilute sulphurie acid, and treated with 10-15 grm. of zinc
to give a vigorous reduction for thirty minutes.  The solution 1s then
decanted through a plug of absorbent cotton-wool, and the flask and
filter well washed with dilute sulphurie acid.  The filtrate 15 titrated
with N/20 pecrmanganate at a temperature of 60°.  Vanadium if present
will be found n the filtrate from the phosphate precipitation, and
may be estimated by any of the usual methods.

(¢) Electroscopic Method.- -This 15 based on the fact that the radio-
activity of an orc 15 proportional to its uramum content, and 15 carried
out 1 the Curie clectroscope (see Introduction).  The ore 15 erushed
to pass a 80-mesh; 1t need not be dry, and should not be dried by
heat, as this would expel some of the emanation, and several days
clapse before radioactive cquihbrium 1s regamed.  The sample need
not be weighed, but the area of the surface should be equal to that
of the ore used as a standard, which 15 ensured by the use of shallow
cyhindrical contamners of identical dimensions. The time taken by
the gold leaf m traversing a certain number of divisions 15 ascertamned
by mecans of a stop-watch for the standard, and agamm over the same
divisions for the ore.  The air leak 15 determined by observing the fall
of the leaf during five mimutes.  The rate of discharge per minute 1s
calculated m cach casc; the nct rate of discharge (i.e. obscrved rate
minus rate of lcak) of the ore divided by that of the standard and
multiplied by the pereentage of uranium in the latter gives the percentage
of uranium in the ore.

If the operator 1s skilled 1 the use of the mstrument, the results
arc in fair agrecement with those obtained by analysts.  The ore and the
standard should preferably belong to the same mineralogical species
to ensure the same ratio of uranimum to 1ts degradation products (1onium,
radium, 1ts cmanation and descendants), as the combined radio-
active power of the latter 15 83:62 times stronger than that of uranium
(Rutherford). If, as is often done, pure uranium dioxide 1s used as a
standard, the percentage of U;O4 found as above must be multiphed

U;0,

—— ——, or 0-225.
300, x 4-62 °



CHAPTER IX.
THE EIGHTH GROUP.

RUTHENIUM—RHODIUM—PALLADIUM—
OSMIUM—IRIDIUM—PLATINUM.

GENERALITIES,

Tue six rarer clements of this group are those commonly called
¢ platinum metals ”” because they oceur together i native platinum,
from which they were first 1solated.  They fall into two distinet
sub-groups, viz. the hghter platmum metals (ruthenium group), and
the heavier platinum metals (osmium group). Agam, they may be
grouped in three pairs according to their vertical arrangement mn the
Table. The members of each pair have certamn features i common,
although the six metals resemble each other more or less in some
respects.

Perhaps the most gradual transition in chemical deportment may
be observed if they are placed in the order indicated below :—

Ruthemvum group : Ru (2)—————Rh (3) Pd (6).

Osmaum group :  Os (1) Ir (4) ——— Pt (5).
or, Os—Ru—Rh—Ir—Pt—Pd.

The two extremes of this serics, linked together by the intermediate
metals, cxhibit greatest dissimilanty.  Thus, osmium is rather non-
metallic 1n habit : one of 1ts most 1mportant compounds, osmic acid,
gives well-defined salts.  The clement 1s characterised by the rcadiness
with which 1t is converted into the volatile tetroxide. The compact
metal is insoluble in all acids. Ruthemum closely rescmbles osmium
in forming ruthenates and a volatile tetroxide ; the latter, however, 15
not so easily obtaimned and much more unstable, being readily reduced
to trichloride by hydrochloric acid. The chief compounds of ruthenium
are thosc in which 1t acts as a triad ; 1t shares this property with rhodium,
which is uniformly trivalent in its salts. Iridium, mmtermediate between
rhodium and platinum, gives two scries of stable salts, derived from
the scsquioxide and the dioxide : the sesquisulphate forms alums, like
rhodium, but the tetrachloride bears a grcat resemblance to the corre-
sponding platinum compound. Platinum 1s chiefly quadrivalent, but it
also yields gclatinous salts, in which 1t 15 bivalent, like palladium. This

196
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element is rather easily soluble in acids, and of metallic character: it
is readily precipitated as sulphide, iodide, or cyanide. The salient pro-
perty of palladium is its power to absorb large quantitics of hydrogen.
The platinum metals yicld soluble double nitrites of the following
composition :—

Ru(NO,)s 2NaNO, I Rh(NO,), 3NaNO, PA(NO,), 2NaNO,
08(NO,); 2NaNO, Ir(NO,), 3NaNO, Pt(NO,), 2NaNO,

RUTHENIUM. °

§ I. Minerals.—(a) Launrite, the sesquisulphide, 15 a very rare iron-
black mineral crystallising in cubes or octahedra It carres a lhittle
osmium. H7-5; sp. gr. 70. Found in Borneo.

(b) Osmirideum (g.v.) somctimes contamns up to 6 per cent. of
ruthenium.

(¢) Small quantitics of ruthemium occur 1n native platinum.

§ II. Properties and Compounds.-—(a) The metal melts at about
2000°, and has a sp gr. of 12 06. It 15 greyish-white, hard, and brittle,
not attacked by acids or fused bisulphate.  .lgua regia 1s almost without
action upon 1t, but dissolves the precipitated unigmited metal. By
fusion with alkaline hydroxide and nitrate, chlorate, or peroxide it 1s
converted into soluble ruthenate (¢). At high temperature 1t combines
directly with oxygen (c).

(b) The tetroxide, RuQ,, 15 the characteristic ruthenium compound,
though more difficult to obtamn and less stable than the corresponding
oxide of osmium. Ruthenium tetroxide is a yellow solid which melts
at 25-5° and sublimes at higher temperature, decomposing at 107°
with a smoky flame and formation”of dioxide ; the vapour 15 explosive,
powsonous, and of an offensive odour.  To prepare the tetroxide, a solu-
tion of alkali ruthenatce or other soluble ruthenium compound mixed with
excess of caustic alkal, 15 saturated with chlorine 1n a retort and gently
heated, when the tetroxide volatilises as a yellow vapour and condenses
in the form of yellow drops, which solidify to a crystalline mass, soluble
in water. The solution 15 unstable and deposits a black precipitate.
Orgame substances readily reduce, and are blackened by, ruthenium
tetroxide. It 1s not formed by distillation of solutions acidified with
nitric acid, hke osmium tetroxide.

(¢) The dioarde, RuOy, 15 obtained by dircet union of the clements
at high tempcerature, also by heating osnuridium (§ I, (b)) to 1000° n
a current of air, or by ignition of the sulphide. The crystals, which
cxhibit a metallic lustre, are isomorphous with cassiterite.

(d) The trikydroaide, Ru(OII);, 1s a dark brown precipitate thrown
down from the solution of the trichloride by caustic alkali; insoluble
1 excess, but soluble in acids with brown colour.

(e) Potassium ruthenate, K,RuO0,H,0, is precpared as explained
under (a). The crystals are red n transmitted and grecn in reflected
light. By fusing the metal with sodium peroxide, sodium ruthenate
is formed.
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(f) Potassium perruthenate, KRuO,.H,0, black crystals obtained
on treating ruthenate solution with chlorine and subsequent evaporation.
By saturating the solution with chlorie the tetroxide is formed (cf. (0)).

(g) The trichloride, RuCl,, forms when a hydrochlorie acid solution
of the tetroxide is evaporated, chlorine being hberated. The solution
has an orange-yellow colour, and gradually deposits a deep black,
finely divided precipitate of oxychloride. This change takes place
rapidly on heating and constitutes a delicate test for ruthenium.  When
the metal 1s heated i chlorine, incomplete combination takes place.

(k) Sodium chlororuthenite, Na,RuCl;, is obtamned. togcther with
varying proportions of chlororuthenate, Na,RuCl;, when the metal
mixed with sodium chloride is heated 1 a current of chlorine.  When
the solution of the mass 1s treated with potassium chloride a erystalline
glossy violet precipitate of potassium chlororuthemte, K,RuCl,.I1,0, is
thrown down. This 1s also formed by adding potassium chloride to
the trichlonde solution.

(2) Potassium chlororuthenate, K,RuCl;, reddish-brown crystals
sparingly soluble m water.  Prepared by treating potassium ruthenate
with dilute hydrochloric acid.

(7) Sulphide.—-When  hydrogen sulphide is conducted  through
ruthenmim  solutions, the hqud first assumes an azure-blue colour
(probably duc to the formation of Ru(ly), and after some time a
dark brown precipitate 15 thrown down. Tt doces not appear to be of
definite composition.

§ III. Quantitative Separation.—Thc¢ volatihisation of the tetroxide
in a current of chlorine can be made the means of separating ruthenium
from all other metals exeept osmium, which 15 also volatile under those
conditions. Mecthods not mvolving the use of the distillation apparatus
can also be used n cases enumcrated below. ¢

(a) Separation from Silver.—Ruthenium, 1f present in metallic silver,
remains undissolved when the metal 15 attacked with dilute mitrie acid.

(b) Separation from Gold.—The gold 1s precipitated from the solu-
tion of the mixed chlorides with sulphur dioxide, oxahe acid, ferrous
sulphate, ferrous chloride, or hydroxylamine hydrochloride.

(¢) Separation from Rhodium.—(1) The mixed metals are heated in
a current of chlorine in presence of sodium chloride and the powdered
mass cxtracted with alcohol, in which the rhodium salt is insoluble.
The alcoholie filtrate is evaporated, the residuc dissolved in water, and
precipitated with magnesium (§ IV.).

(2) An approximatc separation is cffected by adding ammonium
chloride 1n modecrate cxcess to the aqucous extract of the mass
obtained under (1) : ammonium chlororuthenite is preeipitated.

(3) The solution containing the two metals is treated with potassium
carbonate till ncutral or famntly alkaline and boiled with potassium
nitritc.!  The residue remaining  after evaporation to dryness is
powdered and warmed with aleohol, which extracts ruthenium. By
once more bolling the residue with nitrite, cvaporating and treating

1 Gibbs, Amer. Journ. Sci., 1861, 81, 63 ; 1862, 34, 353.



RUTHENIUM. 199

with alcohol, the last traces of ruthenium are extracted. (4) See
Iridium, § 111, (k).

(d) Separation from Palladwum.—(1) The palladium 1s extracted
from a mixture of the two metals by mtric acid, dilute aqua regia, or
fusion with bisulphate. (2) A solution of the chlondes is saturated
with ammonium chloride ; the preeipitate consists of ammonium
chlororuthenite.  (3) Palladiam 1s preapitated with mercurie eyamde
(Palladium, § IV, (¢)); the filtrate 1s cvaporated, and the residuc
hcated m coal-gas or hydrogen, leaving ruthenium.

(e) Separation from Osmaum.—(1) The acid distillate obtained as
dirceted under (1) (3)—cexeept that no alcohol 1s added to the hquid
m the reecivers—is heated to 70° while a current of air 15 passing
through it. The operation is carried out 1n the distillation apparatus
deseribed below 5 the first of the three reccivers contamns dilute hydro-
chloric acid (1 :2), the others 12 per cent. caustic soda containing 2
per cent. of aleohol. A small amount of unaltered ruthenium tetroxide
distils over along with osmium tetroxide.  When the drops formed by
condensation are no longer coloured the contents of the first recaiver
arc returned to the distillation flask and replaced by caustie soda and
alcohol.  The distillation 16 now resumed with three reccivers contaming
alcohohe lve, and one-half of the contents of the flask distilled over.
The residual solution contamns ruthemum, the distillate osmium.

(2) The acid distillate 1s precipitated with hydrogen sulphide, the pre-
cipitate filtered off on a tared filter, washed, dried 1n carbon dioxade, and
weighed. It s then detached from the paper, weighed into a tared plati-
num hoat, and 1gnited 1n a current of oxyagen.  Osmium 1s volatilised,
and condensed 1 two reecivers contamning caustie soda and alcohol.
The ruthemmum dioxide 1 the boat is weighed as such, or preferably
reduced m hydrogen, cooled in carbon dioxide, and werghed as metal.

(3) The solution of the chlondes 15 repeatedly distilled with small
quantities of nitrie acid, osmium volatilising.  The presence of much
free hydrochlorie acid should be avoided.  (4) See Osmium, § 111, (d).

(1) Separation from Iridium.—(1) As m the case of rhodium,
(¢) (3), the solution is boiled with potassium carbonate and mtrite
until the green colour disappears.  The solution is evaporated, and the
dry residue treated with aleohol to extract ruthenmum.

(2) The solution 15 ncutralised with sodium carbonate. and boiled
with an excess of sodium nitrite ; if green, more sodium mitrite must
be added, also carbonatc if nccessary. A small excess of sodium
sulphide is gradually added, and the hqud boiled for a few minutes.
When quite cold 1t 1s carefully acidified with hydrochloric acaid.  The
preeipitated ruthenium sulphide is filtered off, washed with hot water,
and 1gnited to dioxide.

(3) The finely divided metals are added to a fused mixture of
twelve parts of potassium hydroxide and three of potassium nitrate
(the sodium salts must not be used) in a gold crucible.r The latter,
covered with a gold hid, is heated for three hours to 950°.  The mass is

1 Deville and Stas, De I’ Analyse du Platine wridaé, Pans, 1878,
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now leached with water, and the liquor poured through a funnel into
a glass-stoppered 100 c.c. cylinder. The cylinder filled with solution
is shaken, the msoluble residue left to settle, and the clear liquid care-
fully decanted. The cylinder is again filled, partly with dilute caustic
soda, partly with hypochlorite or chlorine solution. The mixing,
settling, and decanting arc repeated ; more hypochlorite 1s added to
the residuc, decanting cach time, until the solution no longer assumes
a yellow tinge. The residue is onee more digested with hypochlonte
while the next operation (volatilisation of the ruthenium) is in progress.
The decanted solutions arce transferred to a distilling flask provided
with a tube for passing chlorine through the hquid, and a funnel with a
glass tap, fused into a ground-glass stopper.  Rubber must not be used
in any part of the apparatus. The exat tube of the flask leads into two
receivers placed m scries and contamning cighty parts of water, two of
hydrochloric acid, and cighteen of aleohol free from fixed residue. A
slow current of chlorine 15 passed in the cold until the colour of the gas
above the liquid proves saturation to be complete ; the temperature 1s
then slowly raised to 70°-80°, and kept there until orange-coloured
fumes are no longer disengaged, after which the hiquud 15 boiled gently
till the condensing drops are colourless.  The flask 15 then left to cool.
and emptied ; the receivers are emptied, rinsed, and refilled 5 the hypo-
chlorite iquor from the cylinder 18 decanted mto the distilling flask, the
residue bemg agam left to digest with fresh hypochlonte solution. A
second distillation m chlorine 15 now carried out m the same manner as
the first.  When the flask 15 cold, the hquid from the eylinder 1s once
more added to 1ts contents, and a third distillation made, the residue
15 submitted to a second fusion, followed by distillation, to extract the
last of the ruthenium. 0-0005 grm. of ruthenmum mmparts a distinet
yellow colour to 100 c.c. of acid hquid m the receiver.  The distillates
are evaporated in a tared porcclain crucible to dryness, the residue
reduced 1n coal-gas, first at low temperature, then at a decided red heat,
and weighed as ruthenium. This 16 washed with water, filtered off,
dried, the particles brushed from the filter, and again weighed.  This
treatment removes a minute quantity of alkaline chloride which may
have been carried over by the effervescence during distillation.  The
liquid 1n the distilling flask must remain alkaline during the operation ;
more alkall can be added through the funnel if necessary.

(g) Separation from Platinum.—-(1) The mixed metals are digested
with dilute aqua regra (1:5 water). A httle ruthemmum goes mto
solution ; on the other hand a httle platinum remains undissolved.
By a compensation of crrors, the results are fairly good.

(2) Potassium chloroplatinate and chlororuthenate are extracted
with small quantities of modcrately strong potassium chloride solution.
Ruthenum dissolves, together with a little platinum. The filtrate
may be boiled with potassium nitrite and evaporated to dryness; the
powdered residue is extracted with boiling alcohol, giving a ruthenium
solution frce from platinum (¢f. (¢) (8)). The alcoholic filtrate is
treated as in (¢) (1). (8) Sce Iridium, § I1I, (k).
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(k) Separation from Platinum, Iridium, Palladium, Rhodium, etc.—
A solution of the metals in agua regia is diluted so as to contain 1-2 per
cent. of mixed metals, transferred to the distilling flask described above
(f), and mixed with a large excess of caustic soda. A slow current of
chlorine 1s then passed, and two to three successive distillations per-
formed as described under (f) (3). The distillate is evaporated, the
ignited mctal washed with water, dried, and weighed. It is then digested
with cold concentrated sodium hypochlorite solution, in which 1t dis-
solves, leaving a minute residue of the other metals cat ried over mechanie-
ally. The weight of the latter 15 subtracted from the onginal weight.

§ IV. Gravimetric Determination. — (¢) Ruthenium 15 sometimes
weighed as dioxide, in the manner described under § IT1, (e) (2), ( f) (2).
More generally, however, 1t 15 weighed in the metallie state, by evaporat-
mg to dryness the solution of the trichloride obtamed by distillation,
and heating the residue in coal-gas (§ 111, (f) (3)).

(b) The determination may also be accomplished by evaporating the
acid chlonde solution, taking up the residuc in water, and digesting with
magnesium.  The preeipitated ruthenmum 1s colleeted on a filter and
washed with 5 per cent. sulphurie acid followed by water: the filter
13 dried. ashed separately, the metal added and 1gnited in coal-gas or
hydrogen, and cooled m carbon dioxide.

§ V. Detection in Ores.—(«) The detection of ruthauum in alluvial
deposits follows the lies mdicated for osmmm (g § VI, (a)) and
platmum (q.v. § VI. (b)). The particles to be tested are fused with
sodium peroxide, the melt taken up o water, and the solution trans-
ferred to the distillation apparatus deseribed above (§IIL (f))  Chlorme
15 passced 1 the cold to saturation, when the flask 15 gently heated, the
vapour baing recerved in dilute hydrochlorie acid. Ruthenium tetroxide
15 evolved 1 the form of orange-yellow fumes condensing to orange-
coloured drops, which impart a brownish-green tint to the acid.  The
latter is evaporated to dryness mm a fume-cupboard to eapel any
osmium tetroxide present in the distillate. The residue taken up with
water furmishes a deeply-coloured solution which decomposes on warm-
ing with separation of a black preapitate (§ I, (g))  The yellow solu-
tion, rendered ammoniacal and warmed with a  httle sodium  thio-
sulphate, assumes an itense violet colour.

(b) The presence of ruthemum m a <silver bead remaming after
cupellation of the lead button obtamed by erucible fusion 15 generally
indicated by black spots, or a black erystallime depo«t, on the bead.
The silver, or preferably the lead button (see Imdmam, § V, () (1)),
is dissolved in dilute nitrie acid, and the residue fused with a hittle
sodium peroxide. The solution of the melt 15 distilled m chlorine, ete.,
as under (a).

§ VI. Determination in Ores.—(«) In osmuridium, platimum ore, and
platinum ore residucs, ruthentum 1s determmed as explained under
Osmium, § VIII.

(b) Dry assay. Sec Iridium, § V, () (1).

(¢) A wet process of general applicability to ores may be carried
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out by concentrating the crushed material if necessary. The original
ore or concentrate 1s digested with dilute nitric or hydrofluoric acids,
or both 1 succession, according to the presence or absence of sulphides
and silicates. The residue from this treatment is fused with potassium
hydroxide and nitrate, or sodium peroxide, the melt dissolved in water,
and the solution distilled 1in a current of chlorine.  The distillation and
treatment of the distillate are deseribed mn § IILL, () (3).  If osmuum is
present, sce § ITI, (e).

(d) .Analysis of Laurite.~-The mineral is opened up by fusion with
potassium hydroxide and mtrate, with subsequent distillation of ruth-
entum and osmmum m chlorine.  The rewidual solution contains the
sulphur as potassium sulphate and any other metals (rhodium) which
may be present in the nineral.

RHODIUM.

§ I. Minerals.—(«) Rhodium 1s found chiefly in native platinum, of
which 1t 15 a subordmate constituent ; osmiridium, platmiridium, and
laurite (g.v.) hkewise contain small quantities of the metal.

(b) Rhodium-gold, contamming as much as 43 per cent. of rhodium,
has been found m Mexico; native gold ocecasionally carries a lhittle
rhodium.

(¢) It has been detected in minute quantities in the Sudbury nickel-
copper ores.

§ II. Properties and Compounds.—(«) The metal is white, ductile,
and malleable at a red heat. Tt melts at about 2000°, and has a sp. gr.
of 12:1.  'When preeipitated from solution 1t 1s shghtly soluble 1 mitrie
or hydrochloric acid m contact with air, and soluble 1 hot strong
sulphuric acid or aqua 1¢gia.  The compact or ignited metal is msoluble
in all acids ; 1f alloyed with relatively large quantities of lead, copper,
bismuth, or platinum it 15 soluble 1n aqua regia.  The metal is attacked
by fused bisulphate, alkaline hydroxide and nitrate, peroxide, or sodium
chloride 1 a current of chlorine.

() Sulphides.—Hydrogen sulphide produces a dark brown precipi-
tate of hydrosulphide, Rh(SH),, complete precipitation requiring pro-
longed treatment of the boiling hot solution.  The preeipitate 15 msoluble
in ammonium sulphide, soluble i aqua regia or hot strong nitrie acid.
The black sesquisulphide, Rh,S;, is obtained by hcating the trichloride
in a current of hydrogen sulphide.

(¢) The trichloride, RhCl;, may be prepared by heating the finely
divided mectal in a chlorie current. It is red, insoluble in water, and
of much less practical importance than its derivative deseribed under (d).

(d) Sodwm chlororhodite, Na,RhCl;, 15 obtamned anhydrous when
the metal mixed with sodium chloride is heated in chlorine. It 1s
insoluble 1n alcohol.  On dissolving the mass i water a deep red solu-
tion is obtamncd, which contains the hydrate Na;RhC1,.911,0. Ammo-
nium chlororhodite 1s soluble 1n water and in dilute ammonium chloride
solution, but insoluble in a saturated solution of the latter salt.
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{€) Rhodium sulphate, Rhy(SO,);, is formed by the action of fused
bisulphate on the metal. The yellow solution of the salt turns red
on the addition of hydrochloric acid. Rhodium alums have been
prepared.

(f) Owxides—When the mectal is fused with alkaline hydroxide and
nitrate the sesquioxide Rh,O,, is obtained ; thus, Hy repeated fusion,
is converted into dioxide, RhO,. Both arc grey powders, nsoluble in
acids. The sesquioxide is also obtained by adding excess of sodium
carbonate to a solution of alkal chlororhodite, evaporating to dryness,
igniting, and cxtracting the residue with water and hydrochloric acid.

(8) The trihydrozide, Rh(OII);, 15 a black precipitate, formed when
aleohol 15 added drop by drop to the cold solution of rhodium chloride
containing excess of caustic alkall.

(k) Chloropentamminerhodium  dichloride, [RhCI(NH,);]Cl,. also
known as Claus’s salt, crystallises out mm small, pale yellow crystals
on evaporating’ and cooling an ammoniacal chlonde solution. It 1s
very stable, and dissolves 1n strong sulphuric acid without decom-
posttion, but is reduced to nictal by zine  The ammoniacal rhodium
compounds closcly resemble those of cobalt.

§ III. Quantitative Separation.— (a) Separation from Leud.— The
nitric acid solution 15 precipitated with sulphurie acid added very slowly
whilst stirring ; the hquid 1s heated to 1009, left to cool, and filtered.
The precipitate 1s free from rhodium.  The filtrate 15 evaporated to
dryness, taken up with water, and agamn filtered ; 1f the shght residue
of lead sulphate shows a pink or bulf colour 1t 15 washed on the filter
with a saturated solution of ammonium carbonate, which extracts all
the rhodimim.  The filtrate 15 evaporated to one-half its bulk, the lcad
carbonate filtered off, and the filtrate acidified with hydrochlore aeid ;
the combmed filtrates are precipitated with zine or formie acid.

(b) Separation from Siver.—(1) The boiling mitrate or sulphate solu-
tion is precipitated, drop by drop, with very dilute hydrochlorie acid
until no further precipitate forms. The silver chloride 15 allowed to
settle, filtered off, and washed as usual. The rhodium 1n the filtrate
is precipitated with zine or formie acid.

(2) The preceipitated and 1gnited metals are digested with dilute
nitriec acid, silver dissolving.  Compact silver containing rthodium 1s
treated m the same manner; the filtrate contaming <ilver may have
to be tested for rhodium according to (1).

(¢) Separation from Gold.—(1) Sce Ruthenium, § I, ().

(2) The preapitated and 1gmited metals are digested with dilute

aqua regea : the gold is dissolved.
* (3) Rhodium-gold. if high in rhodium, is melted with lead, and the
button dissolved 1in mtric acid ; the lead mtrate solution 1s examined
for rhodium according to (a). The residuce 15 dissolved in aqua rega,
the excess of acid evaporated, the residue taken up in water, and the
noble metals precipitated with formic acid.  The precipitate 1s strongly
ignited and the gold extracted therefrom according to (2).

(d) Separation from Ruthenium.—Sece Ruthenium, § III, (¢).
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(e) Separation from Palladium.—(1) The metals mixed with sodium
chloride are heated in a current of chlorine, the melt leached with water,
the solution heated to expcl chlorine, and precipitated with mercurie
cyanide (Palladium, § III, (j)). The filtrate containing rhodium is
evaporated to dryness and the residuc hcated in hydrogen or coal-gas.

(2) The solution 1s acidified with a few drops of hydrochloric acid
and the palladium precipitated with dimethylglyoxime at boiling heat.
The cxcess of reagent in the filtrate is destroyed by means of hydrochloric
acid and sodium chlorate, the chlorine boiled off, and the solution digested
with magnesium till colourless ; the precipitated rhodium is washed with
5 per cent. sulphuric acid followed by water, the filter dried and ashed
separately, the metal added, and the whole ignited 1 hydrogen.

(8) The roasted sulphides arc digested hot with strong hydrochloric
acid, or the precipitated 1gnited metals arc treated with hot concen-
trated nitric acid ; 1 both cases rhodium remains insoluble. (4) Sce
Palladium, § I1II. (7) (2).

(f) Separation from Osmium.—See Osmium, § ITI, (a) and (d).

(g) Separation from Iridium.—(1) The separation of the mixed
metals by fusion with bisulphate 1s unrchable.

(2) The solution of the mixed chlorides 1s treated with ammonium or
potasstum chloride with the same precautions as m the separation of
rhodium from platinum, (&) (2). Imdium is precipitated as chlormmdate.

(8) The dry mixed sodium chlororhodite and chloriridate are extracted
with strong aleohol, iridium dissolving, (%) (8). (4) See Imdium, § III, (k).

(k) Separation from Platsinum.—(1) The precipitated and 1gmited
(unalloyed) mctals are digested with dilute aqua regia (1 : 4 to 5 water)
at 50°, platinum dissolving. The extraction 15 continued, using fresh
acid 1f nccessary, until the hiquid remains colourless. The residual
rhodium 15 ignited in hydrogen. The solution of the mixed chlorides
may be cvaporated to dryness with excess of sodium carbonate, the
residuc extracted with water and aad, and the msoluble rhodium
sesquioxide plus platinum separated in the same manner.

(2) The solution containing sodium chlororhodite and chloroplatinate
is preapitated with potassium or ammonium chloride, when platinum
is thrown down ; the solution must not be more than one-half satur-
ated with the alkaline chloride, as otherwise part of the rhodium is
also precipitated. The washing 1s conducted with one volume of satur-
ated chlonde solution to three of water, using no more than 1s strictly
neeessary on account of the shght solubility of the chloroplatinate.

(8) The same solution as mn (2) 15 evaporated to dryness and the rest-
due extracted with alcohol (sp. gr. 0-83) : rhodium remains msoluble.

(4) The scparation of the finely divided metals by fusion with
bisulphate doces not give good results unless the amount of rhodium is
very small. The fusion should be repcated until the mclt after ten
minutes’ fusion does not acquire a yellow colour. The dissolved
rhodium is precipitated with formic acid, zine, or magncsium.

§ IV. Gravimetric Determination,—(a) Rhodium is weighed in the
metallic state after ignition imn hydrogen or coal-gas; the metal is
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precipitated by means of magnesium or zinc.! In the first case the
precipitate is washed with 5 per cent. sulphuric acid followed by water ;
in the second, it is digested with dilute nitric acid at a moderate heat
for a few minutes before filtration. The metal may also be obtained
by boiling its solutions with ammonium acctate and formic acid under
reflux (see Platinum, § IV, (¢)).

(b) Solutions containing chlororhodite or rhodium sulphate may be
evaporated to dryness with excess of sodium carbonate, the residue
ignited, extracted with water and washed with dilute hydrochloric acid,
the residual sesquioxide strongly ignited 1in hydrogen, and weighed as
metal. .

§ V. Detection and Determination in Ores.-—(a) Detection. —(1) The
silver bead from the dry assay of an ore contamning rhodium gencerally
has a bluish colour. The bead, or the lead button obtamed by melting
the substance under mvestigation with granulated lead, 15 dissolved in
dilute mtric acid (1 :10), the residuc strongly 1gmited n coal-gas, and
extracted with dilute aqua regia.  The residue from the last treatment
1s fused with bisulphate m a silica crueible and the yellow solution
from the melt filtered if necessary ; the colour turns pink on addition of
a Iittle hydrochloric acid.  Addition of caustic alkali and alcohol causes
formation of a black preaipitate (§I1, (g)).  The reactions of rhodium are
much less pronounced than thosce of the other platinum metals ; however,
1ts nsolubility m aqua regia, solubility in bisulphate, the red colour of
sodium chlororhodite, and the msolubility of the latter in aleohol are
sufficiently characteristic to prove its presence.  (2) Sce Platinum,
§ VI, (c).

(b) Determination.—(1) In sulphade ores. Sce Platinum, § VII, () (3).

(2) In rhodium-gold. Sce § J1I, (c) (3).

(8) In platinum ore and osmiridium. Sec Platinum, § VIIL;
Osmium, § VIII.

PALLADIUM.

§ 1. Minerals.—(a) Native palladium has been found substantially
pure 1n the form of grains, accompanying native platinum

(b) Native gold 1s sometimes found alloyed with palladium and silver.

(¢) Palladium is one of the minor constituents of native platinum
(g.v.).

(d) It occurs in minute quantities 1n basc metal ores, principally
nickel-copper ores (Sudbury, Ontario). When these ores are smelted
it passcs into the matte.

§ II. Properties and Compounds.—(a) The metal melts at 1549° C.,
and has a sp. gr. of 11-9. It is silver-white, hard, and less ductile than
platinum. The common acids when hot and concentrated dissolve the
fincly divided metal ; in the compact state 1t is insoluble in hydro-
chloric, slightly soluble m sulphuric, and readily soluble in strong
nitric acid or aqua regia. Fused bisulphate easily dissolves 1t; 1ts
alloys with silver or copper are soluble in nitric acid. Palladium has

1 For electrolytic determination see Langness, Journ. Amer. Chem. Soc., 1907, 28, 469.
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the faculty of absorbing a large amount of hydrogen” All its com-
pounds are decomposcd by heat, leaving a residuc of metal. It forms
two scries of salts corresponding to the types PdCL, and PdCl,; of
these the palladous salts are the more stable and unportant; their
solutions undergo hydrolysis, with deposition of basie salts.

(b) Palludous natrate, PA(NQO,;),, 1s formed when the metal is dis-
solved 1n fuming mtric acid.  Brownish-yellow, deliquescent crystals.

(¢) Palladous sulphate, PdSO,.H,0, obtamed from the metal by
fusion with bisulphate. Olive-green, dehiquescent.

(d) Palladous chloride, PdCl,.2H,0, prepared by dissolving the
metal in aqua regra and cvaporating with hydrochloric acid.  Reddish-
brown crystals.

(e) Potassrum chloopalladite, K,PdCl;, from the preceding and
potasstum chlomde.  Brownish-yellow crystals soluble in water, 1n-
soluble 1 strong alcohol.

(f) Potasstum chloropalladate, K,Pd(Cl;, 15 prepared by adding
potasstum chlonide to the brown solution contammng the unstable
chloropalladic acid, H,PdCl,, obtamed by dissolving the metal mn exeess
of aqua regia. Red octahedra, msoluble m alcohol or potassiuin chloride
solution.

(8) Palladous sulphide, PdS, 15 thrown down as a black preeipitate
when hydrogen sulphide 15 passed through acid or neutral palladium
solutions.  Insoluble in alkaline sulphides; soluble 1 hot strong
hydrochlorie or nitric acid, readily so 1 aqua regia.

(k) Palladous iodide, Pdl,, 15 a black floceulent precipitate obtained
by adding hydriodic acid or potassium rodide to a palladium solution.
It 15 soluble to a red hquid 1 potassium 1odide, nsoluble 1 hydro-
chloric acid. Alkaline thioeyanates also dissolve 1t with red eolour,
and 1t is not formed in thew presence.  Palladium, unhke platinum, 1s
stamed black by 1odine.

(7) Palladous cyamde, PA(CN),, ycllowish-whitc gelatinous pre-
cipitate produced by mercuric or potasstum cyamde m palladium
solutions. It 1 shghtly soluble in hydrochloric acid, readily in potas-
sium cyanide or ammonia.

(4) Drwamminepalladous chloride, PA(NH,;),Cl,, is precipitated as fine
yellow needles when an ammomacal solution of palladous chloride is
acidified with hydrochloric acid. Two scries of ammoniacal palladium
salts arc known; they are similar to the corresponding platinous
compounds.

(k) Palladium dimethylglyoxime, (CH,)y(C,N,0,H),Pd. Sce § IV.

(1) Palladium nitroso-B-naphthol, (C,,Hg0.NO),Pd. Sec § IV.

§ III. Quantitative Separation.—The precipitation as iodide or
cyanide (§ 1V.) enables palladium to be scparated from all noble, as
well as base, metals except silver, copper, and lead. The chimination
of the latter, togcther with other methods of scparating noble metals,
will here be deseribed.

(a) Separation from Copper—(1) The copper is converted into
cuprous thiocyanate in the usual manner; the filtrate is boiled to
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expel sulphur dioxide and the palladium precipitated by one of the
methods given in § IV.

(2) Thc mixed sulphides arc roasted, dissolved in aqua regia, the
solution evaporated to dryness with potasstum chloride, the residue
taken up with 90 per cent. alcohol, the msoluble potassium chloro-
palladite filtered off and washed with alcohol. 1t 15 dried and 1gmited,
the residue leached with hot water, filtered off, 1gmited again in hydrogen,
and weighed as palladium.

(b) Separation from Lead.—(1) Lead is precipitated as sulphate m
nitric acid solution ; the palladimm, m the filtrate, as cyamde.

(2) Palladium is precipitated as metal.(Platinum, § IV, ().

(8) The mixed sulphides are boiled with 50 c.c. of potassiun thio-
carbonate solution! (made by digesting onc part of sulphur, two of
carbon disulphide, and fiftcen of potasstum hydroxide solution (1-13)
for several days. The orange-coloured solution 1s decanted and the
residuc again treated with cight parts of potasstum hydroxide solution).
The rcagent .dissolves palladous sulphide.  The solution is filtered,
the filtrate acidified with hydrochlorie acid, digested on a steam-bath,
the palladous sulphide filtered off, washed, and dissolved 1 aqua
regia or mtric and sulphuric acids.

(¢) Separatwon from Suver.—(1) The only published method, as
far as we know, 1s that of A. M. Smoot,¢ who dircets precipitating the
nitrate solution (e.g. parting acid) with hydrochlorie acid.  The silver
chloride carries down some palladium, which colours it pink to brown.
It 1s filtered off, cupelled with lead, the metallie button dissolved in
nitric acid, and the solution re-precipitated with hydrochlorie acid.
Thas process may have to be repeated several times, 4.e. until the silver
chloride is pure white. The combined filtrates are precipitated with
hydrogen sulphide or mercurie eyamde.

(2) We have found that silver chlonde free from palladium can be
obtained 1n one precpitation by converting the palladous salt into a
diammunepalladous compound before precipitating with hydrochlorie
acid.® The separation 1s carried out as follows : —

(a) The hot solution of the nitrates or sulphates 15 treated with
ammomna until the precipitate first formed re-dissolves and the solution
beeomes colourless. A small picce of itmus paper is dropped into the

1 Rosenbladt, Z, anal Chem , 1887, 28, 15.
2 Eng. and Mwn Journ , 1915, 99, 700
3 Two test determnations gave the following results :—

No Ag taken Pd added. Ag found
1 01682 0 087 0 1679
2 0 1616 0113 01619

The method has since been introduced mto practice, and 18 apphed in the analyss
of gold-silver alloys containing palladium and platinum.
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solution which is faintly acidified with acetic acid, and treated whilst
hot with dilute hydrochloric acid drop by drop, with constant stirring,
until no further precipitate forms, after which it is left in the dark
till clear. The precipitate is filtered off by decantation and washed
with very dilute nitrie acid ; the filtrate is evaporated with aqua regia,
or precipitated with hydrogen sulphide, and the precipitate dissolved
in nitric and sulphuric acids.

(B) When dealing with a preapitate of silver chloride containing
palladium the procedurc 1s as follows : The precipitate is dissolved in
a small excess of ammonia and the hot solution shghtly acidificd with
acetic acid : the silver 1s precipitated as chloride free from palladium.

(y) In the separation of palladium from other platinum metals
by silver 10dide (sce () (2)), a precipitate 15 obtained which contains
palladium and silver 1dides. Orlow,! to whom this method is due,
states that palladium may be extracted from the mixed precipitate
by potassium 10dide or thiocyanate solution, or by * heating and sub-
sequent treatment with aqua regia.” Our attempts at scparating
palladium from s<ilver by any of these reagents were unsuceessful ;
either the extraction of palladium was incomplete, or a more or less
considerable quantity of silver went mto solution. We therefore
proceed as follows for the recovery of palladium from the mixed iodide
precipitate: Ammonia and ammonium chloride solution are added
until the precipitate is pale yellow, followed by ammonium sulphide.
The liquid 1s heated on the water-bath until the precipitate has settled ;
the latter 1s filtered off, washed with hot water contaming a little
ammonium sulphide, and dissolved 1 mitric and sulphuric acids.  The
excess of acid 1s then cxpelled by evaporation and the diluted solution
treated as under (a).

(d) Separation from Gold.—(1) The slightly acid solution of the
chlorides 1s digested on the water-bath with excess of sulphurous acid
until the liquid is clear ; the solution should smell of sulphur dioxide.
Gold alone is precipitated. Sulphurous acid cffects a better separation
than ferrous sulphate or oxalic acid.

(2) Palladium may be extracted from the mixed precipitate of
the metals by fusion with bisulphate in a silica cruaible.

(e) Separation from Ruthenium.-—Sce Ruthenium, § II1, (d), (k).

(f) Separation from Rhodium.—See Rhodium, § III, (e).

(g) Separation from Osmium.—Sce Osmium, § III, (a) and (d).

(h) Separation from Iridium.— (1) The precipitated metals are
strongly 1gnited in a current of hydrogen and digested with dilute
aqua regia (1 : 3 water) at a tcmperature below 80°, or they are fused
with bisulphate mm a siica crucible.  In both cases palladium is
rendered soluble.

(2) Sec Iridium, § 111, (&).

(8) By dimethylglyoxime, as for rhodium (¢.v. § II1, () (2)).

(¢) Separation from Platinum.>—The solution containing platinic

L Chem. Zet., 1906, 30, 714.
? By acetylene : see Erdmann and Makowka, Z. anal. Chem., 1907, 46, 146,
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and palladous chlorides and freed from nitric acid by repeated evapo-
ration with hydrochloric acid, is saturated with potassium or ammo-
nium chloride (scc Platinum, § IV, (¢)). Platinum and iridium may
be precipitated together by this method.

(J) Separation from all the Platinum Metals.—(1) Palladium is
precipitated as cyanide (§ IV.).

(2) The solution of the mixed chlorides, free from nitric acid, is
digested at ordinary temperature with a moderate excess of freshly
precipitated silver iodide. Palladous iodide 1s precipitated ; it is
filtered off, washed, and the palladium scparated from silver as
shown under (¢) (2) (y). :

§ IV. Gravimetric Determination.—Palladium 1s weighed 1n the
metallic state,! in which 1t 1s obtained by 1gnition of the cyanide, iodide,
or the other compounds enumecrated below. The metal oxidises
superficially during ignition ; 1t should thercfore be strongly heated
in a current of hydrogen, the gas current turned off and displaced by
carbon dioxide beforc the heat 1s withdrawn. Alternatively a flow of
coal-gas may be brought n contact with the hot metallic sponge
after igmition in air, or the 1gmted mctal 15 boiled with 20 per cent.
formic acid and dried before weighing.

(a) Precipitation as Metal.—As for platinum (g.v. § IV, (e)).

(b) Precriputation as Sulphide—Palladium 15 readily precipitated
by hydrogen sulphide, but the precipitate does not part with the whole
of 1ts sulphur on 1gnition and the impure metal runs into onc or several
globules. The sulphide precipitate should be dissolved 1 mitric and
sulphuric acids and the solution preeipitated with mereurie eyamde (¢).

(¢) Preciputation as Cyanide.—The chloride solution 15 almost
neutrahsed with sodium carbonate ; 1t must reman faintly but dis-
tinctly acid. An cxcess of mereuric eyamde solution 15 then added,
and the hquid gently warmed till the free hydroeyanic acid 1s expelled
and the precipitate has settled. With minute quantities of palladium
the solution should be allowed to stand for at least twenty-four hours.
The clear liquid 1s dccanted through a filter, the precipitate washed
in the beaker, then on the filter, after which 1t 15 dried, 1gnited, and
reduced. Nitrate or sulphate solutions nced not be ncutralised with
sodium carbonate before precipitation with mercuric cyamde.

(d) Precvputation as Iodide.—The usual directions preseribe pre-
cipitation by hydriodic acid 1n a dilute solution of the nitrate free from
alkaline salts. According to M. Schwitter,? complete precipitation is
cnsured by the use of potassium iodide, a 10 per cent. solution of which
is added, a few drops at a time, to the palladium solution containing
one-fifth 1ts volume of strong hydrochloric acid until no further pre
cipitate is produced. The liquid 1s heated nearly to boiling, cooled,
filtered, the precipitate washed with dilute hydrochloric acid, dried,
ignited, and reduced.

! Precipitation by electrolysis: see Amberg, Z. Elektrochemie, 1904, 10, 386, 853 ;
Langness, Journ Amer. Chem. Soc, 1907, 29, 459.
3 Engwneering and Mining Journ., 1914, 97, 1249,
14
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(€) Precipitation with Dimethylglyoxime.'—The acidified solution of
palladous chloride 1s precipitated with a 1 per cent. solution of the
rcagent in 2 per cent. hydrochloric acid and left half an hour on the
water-bath. The bulky orange-yellow precipitate is washed with
hot water, dricd. and ignited to metal as before. The precipitate
may also be weighed on a tared filter or in a Gooch crucible after
drying at 110°,

(f) Precipitation with Nitroso-8- Naphthol.*—The acid solution of
the chloride, containing less than 0 05 grm. of palladium, is precipitated
at boiling heat with a solution of the rcagent n 50 per cent. acetic acid.
The volumimous reddish-brown precipitate is filtered offl while the liquid
is hot, washed with hot 5 per cent. hydrochloric acid, then hot water,
dricd, and heated 1 a crucible on an asbestos wirc-gauze. When the
paper has charred the mass is heated very strongly. The addition of
a few crystals of oaalic acid facilitates ashing. The igmited metal is
reduced and weighed.

(g) Precipitation as Potassium (Ammonium) Chloropalladate*—A
solution of potassium chloropalladite (e.g. the filtrate from potassium
chloroplatinate, § III, (%)), 1s saturated with chlorine, or slowly
evaporated on the water-bath with exeess of mtric aad. (If in-
sufficient nitric acid 1s present a brown basic salt separates.) The
red crystalline precipitate 1s filtered off, washed with strong potassium
chlonde solution contaming mtric acid, and treated like the corre-
sponding platinum compound (Platinum, § IV, (d)).

§ V. Detection and Determination in Ores.—(a) Detection.—In the
dry assay for gold and silver the whole of the palladium present n
an ore will be found i the silver button left after cupellation. When
this is parted with nitric or sulphuric acidd most of the palladium goes
into solution, colouring the hquid pale yellow to orange. On adding
dilute potassium iodide solution to the parting acid yellow silver
iodide will be thrown down first, then black palladous iodide. If
much silver 15 present, fractional precipitation may be employed.
The mixed 10dide precipitate may be digested with warm thiocyanate
solution, which will acquire a pink or reddish colour ; on filtration and
evaporation of the filtratc with aqua regia a deep orange-red lhiquor
is obtained, from which potassium iodide throws down a black pre-
cipitate.

(0) Determination.—(1) In platinum ore: see Platinum, § VIII.

(2) In sulphide ores: scc Platinum, § VII, () (3). In parting with
nitric acid, palladium is completely dissolved if the amount of silver
is more than three times that of the palladium ; m doubtful cascs, the
residdue from the parting 1s again alloyed with a swtable proportion
of silver and the parting repeated.

! Wunder and Thuringer, Z. anal. Chem., 1913, 52, 101
2 Itwd , 737.
3 Cohn and Flessner, Z. anal. Chem., 1897, 38, 796,
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OSMIUM.

§ I. Minerals.—(a) Osmiridium, or iridosmine, consists of an alloy
containing varying quantities of iridium and osmium, the former
generally predominating, and subordinate amounts of ruthenium and
rhodium (e.g. Ir 53-5, Os 43-4, Rh 2:6, and Ru 0-5 per cent.). It is
found in hard, flattened grains or pellets, sometimes in hexagonal
prisms, of white or grey colour. H 6-7; sp. gr. 19 3-21-1. It§ occur-
rence is the same as that of native platinum, i.e. 1n alluvial deposits
resulting from the disintegration of basic ignecous rocks. It almost
invariably accompanics platinum, oftén in considerable proportion,
and, as 1t is unacted on by aqua regia, remains behind with the sand
when the concentrate 1s worked up for platinum. Occasionally native
gold 1s accompanicd by osmiridium. The mineral also occurs inde-
pendently in several localities, principally New South Wales and
Tasmania.

(b) Laurite (g.v.) contains about 3 per cent. of osmium.

§ II. Properties and Compounds.—(a) The metal 1s the heaviest
known substance, of sp. gr. 22 47 ; its melting-point lies’ about 2500°.
When finely divided 1t 1s dissolved by fuming mtric acid and, though
less readily, by aqua regia. The compact metal, which 1s bluish-white,
is insoluble in all acids, but may be rendered soluble by fusion with
sodium peroxide, or hydroxide and nitrate or chlorate. When strongly
1gmited 1n arr it 1s oxidised to the volatile tetroxide.

(b) Ouxides.—The tetroxide, OsO,, is the most important and char-
acteristic compound. It forms colourless, transparent ncedles which
meclt at about 40° and begin to sublime at a moderate heat ; the liquid
boils at 100°, giving a colourless ¥apour. The latter has a very pene-
trating odour, rccalling that of chlorine, and acts as a violent poison on
the lungs and eycs; 1t 1s reduced to the metallic state in contact with
the tissues, and the metallic film deposited on the cornea produces
permanent mjury to the cyesight. In the same manner the crystals
stain the skin black and cause painful sores. The tetroxide 1s formed
when the metal 1s heated 1 air or oxygen, or when a soluble osmium
compound or the finely divided metal 1s heated with mtric acid or
aqua regia, or, like ruthenium tetroxide, by distillation of osmate solu-
tions i chlorine. In all cases the tetroxide 1s evolved in the state of
vapour. It 1s soluble 1 water to a colourless hquid devoid of acid
reaction, and cmmtting the charactenstic smell of the compound. By
the action of reducing agents 1t is converted into metal or lower oxides,
such as the dioxide, OsO,, and the sesquioxide, 0s,0;. The latter two
are non-volatile.

(¢) Potassium osmate, K,0s0,.2H,0, 1s obtained when the solid or
gaseous tetroxide acts on potassium hydroxide in presence of a reducing
agent (e.g. alcohol), the solution assuming a red colour. The solid salt
forms deep red octahedra; 1ts aqueous solution decomposes into
tetroxide and lower oxides. Free osmic acid, HyOs0,, is also known.

(d) Osmium tetrachloride, OsCl,—The action of dry chlorine on
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heated osmium gives ill-defined products, and the attack is not complete.
A small quantity of brownish-black dichloride, OsCl,, is formed, and
a red sublimate of tetrachloride. The latter 1s soluble in water, and
the solution decomposes into hydrochloric acid, osmium tetroxide,
and lower oxides.

(e) Chlorosmates.—When a mixture of osmium and dchydrated
powdered sodium chloride 1s heated 1 dry chlorine at a dark red heat
the mefal 15 completely converted into sodiwm chlorosmate. 'This salt
crystallises from aqueous solution in orange-red crystals, Na,OsCl.2H,0,
easily soluble i water and alcohol. When sohid ammonium chloride
is added to the solution a red crystalline precipitate of ammonium
chlorosmate, (NI1,),0sCl;, scparates. The potassium salt, K,0sClg,
may be obtained by cvaporation of a solution of osmium tetroxide
and potasstum chloride 1n hydrochlorie acid, or by heating a mixture of
potassium chloride and osmium in chlorine. If m the latter opcration
the tempceraturc be raised above dark red heat, potassium chlorosmite
is formed, the solution of which 1s dark red and deposits K;0sClg.3H,0.
The chlorosmate crystallises i dark brown octahedra, hike the corre-
sponding platimmum, iridium, and palladium compounds. It is soluble
in water with ycllow colour ; alcohol precipitates 1t from the solution
in form of a red crystalhine powder. On heating 1t evolves chlorine
and lecaves a mixture of potasstum chloride and osmium.

Osmiridium mixed with sodium chloride 1s attacked by dry chlorine
at a moderate heat, with formation of chlorimdate and chlorosmate ;
if moist, chlorine be used, the bulk of the osmium will volatilise as
tetroxide :  20sCl;4-4H,0=050,+8HC(C1 +0s, and Os+4H,0-4Cl,
=050, 81ICL

(f) Sulphides.—The tetrasulphide, OsS,, 15 precipitated as a brown
powder when hydrogen sulphide 1s conducted through an acid solution
of the tctroxide; insoluble i alkaline sulphides. The désulphede,
OsS,, is a dark brown precipitate produced by hydrogen sulphide in
a solution of chlorosmate. It 1s also formed when an alkaline solution
of the tetroxide is treated with thiosulphate, neutralised, and acidified
with one-fifth of its bulk of hydrochloric acid (1-12).

(g) Osmyitetrammune chloride, OsOy(NH;),Cl,, 1s a yellow crystalline
precipitate, from potassium osmate and excess of strong ammonium
chloride solution : K,050,+44NH,Cl=0s0,(NH,;),Cl,+ 2KCl+2H,0.

(k) Osmiamic acid, OsO;: NH.—Potassium osmiamate is formed
by addition of ammoma and potassium hydroxide to a solution of
osmium tetroxide ; orange-yellow crystals.

(¢) Osmium sulphite, OsSOz.—Made by conducting sulphur dioxide
through a solution of the tetroxide, the liquid turning blue. The
solid salt, which is precipitated by addition of sodium sulphate, is
very stable.

§ III. Quantitative Separation.—(a) The property of forming a
volatile oxide by boiling solutions of its compounds with nitric acid
allows osmium to be separated from all other metals. The apparatus
used consists of a retort or distilling flask provided with a glass-stoppered
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funnel and two or three absorption flasks, all connected by well-fitting
ground-glass joints; rubber joints must not be used. The absorption
flasks, which contain 12 per cent. caustic soda mixed with 2 per cent.
of alcohol, are cooled with running water. The osmium solution is
poured into the distiling vessel, followed by a small excess of nitric
acid. Heat is applied gently at first; the solution is then boiled,
and one-half of the liquid distilled over. The distillate will acquire .
a reddish colour, duc to the formation of osmate ; it 1s treated for the
determmnation of osmium as cxplained in § IV. To cnsure complete
volatilisation the retort is allowed to gool, the receivers emptied and
washed, again filled with caustic soda and alcohol, and the distillation
repeated after addition of more mitric acid. This should always be done.

Distillation with aqua regia 1s less satisfactory. The presence of
an undue amount of hydrochloric acid prevents the complete volatilisa-
tion of osmiumn as tetroxide (¢f. also Ruthenium, § II1, (¢) (8)).

(b) Separation from Iridium.—Compounds msoluble in acds (e.g.
osmiridium) must be opened up by one of the following methods before
the separation of osmium by distillation can be applied :

(1) Fusion with barium peroxide and nitrate (Deville and Debray).t
The matenial (2 grm.) mixed with six times 1ts weight 1 pure zine is
heated in a graphite crucible enclosed mn a larger crucible for half an
hour at a red heat, then two hours at white heat, to drive off the zine.
The spongy residue 1s heated with three parts of barium peroxide and
onc of barium nitrate in a well-covered silver crucible. The mass is
rinsed mto the retort or distilling flask, the hquid acidified with hydro-
chlorie acid poured through the funnel, and distilled with nitrie acid.

(2) Fusion with sodium hydroxide and nitrate in an iron crucible.
The nitrate is melted first, the hydroxide added next, then gradually
the osmiridium. The melt 15 taken up with water, and the solution
distilled with hydrochloric and mtric acids; any heavy residue re-
maining in the retort 1s again fused till decomposition 1s complete.

(3) Fusion with sodium peroxide mn a nickel crucible.? Pounding in
a diamond stecl mortar 15 advisable. The maternal mixed with four
times 1ts weight in sodium peroxide 15 added gradually to one part
of fused sodium hydroxide and fused for half an hour. The crucible
should be frequently rotated, or the mass stirred with a nickel rod.
The melt is taken up in water, the solution acidified and distilled.

(4) Opening up with sodium chloride 1n a chlorine current.® By
carrying out the process with moist chlorine the osmium is evolved as
tetroxide, which is absorbed 1n suitabfe receivers (see (a)). The residue
in the porcelain boat 1s dissolved in water and distilled with a little
nitric acid to drive off the last of the osmium. The residual liquor is
poured into a basin, and any heavy mectallic residue again opened up in
chlorine. This method obviates contammation by fusion, but it is
more tedious than the peroxide process except for small quantities.

1 Loc. cit., p. 216.
3 Leidié and Quennessen, Bull. Soc. Chym., 1902, 27, 181.
3 Wohler, Pogg. Annalen, 1834, 81, 161.
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(¢) Separation from Ruthenium.—See Ruthenium, § ITI, (e).

(d) Separation from Platinum, Iridium, Ruthenium, Rhodium.—The
metals precipitated by formic acid, zinc, or magnesium are digested
with hydrogen peroxide, which converts osmium into tetroxide, the
other metals remaining unaffected.!

§ IV, Gravimetric Determination.—The quantitative estimation of
osmium is much more difficult than that of the other platinum metals.
In nearly every casc the determination has to be carried out in an
alkaline solution of sodium osmate, obtained by absorbing the tetroxide
in caustic soda solution containing alcohol.

(a) As a technical method, the precipitation as sulphide has been
found sufficiently accurate for materials containing subordinate
quantities of osmium. The cold osmate solution is shghtly acidified
with dilute hydrochloric acid and saturated with hydrogen sulphide.
The flask is stoppered and left to stand till the precipitate has settled ;
the latter is filtered off on a Gooch crucible, washed, cautiously dried,
and strongly ignited in hydrogen. Or the alkahne solution is treated
with yellow ammonium sulphide and left overnight in a warm place.
The clcar liquid is decanted, the precipitate washed, dried, and ignited
in hydrogen as before.

Paal and Amberger ? nearly neutralise the cold liquid with dilute
hydrochloric acid and pass hydrogen sulphide for fifteen minutes; the
solution is now acidified, and again trcated with the gas whilst being
heated on a steam-bath. The precipitate is filtered on hardened paper,
washed with water, alcohol, carbon bisulphide, dried in vacuo, and
quantitatively detached from the paper. It is then gently heated in
a tared Rosc crucible in a current of hydrogen; the heat is gradually
increased, the crucible being finally ignited over a blast burner for
one hour.

The osmium obtamned by ignition of the sulphide in hydrogen still
retains alkali and a little sulphur ; in addition, 1t may be contaminated
with iron, alumina, and silica, resulting from the action of the alkali
on the glass. It is thercfore treated with dilute hydrochloric and
hydrofluoric acids, and the residuc from the evaporation taken up with
dilute hydrochloric acid, which 1s then filtered through a Gooch erucible
or hardened filter ; the osmium is washed, dried, and weighed ; it is
next dissolved in agita regia and the solution evaporated, or distilled
if it is intended to recover the osmium. The residual liquor is tested
with barium chloride, and any sulphur thus found deducted from the
weight of the osmium.

Where doubt exists as to the complete recovery of the osmium
as sulphide, it is advisable to evaporate the filtrate to dryness, ignite
the residue in hydrogen, and extract the sodium salts with dilute
hydrochloric acid. Any black residue is weighed, and tested as explained
above.

Aqueous solutions of osmium tetroxide may be evaporated with

us 1 Orlow, Chem. Zeit., 1906, 30, 714.
2 Ber., 1907, 40, 1378,
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ammonium sulphide in a tared porcelain crucible ; the dry residue is
covered with sulphur, and the crucible placed in a covered graphite
crucible and strongly ignited.!

(b) The method of Leidi¢ and Quennessen,? which consists in pre-
cipitating the alkaline osmate solution with aluminium-foil, has been
adversely criticised by Paal and Amberger,® who found that a quantita-
tive precipitation could not thercby be effected. For the same reason
they reject precipitation by strong ammonium chloride solution 4 (see
§ I1, (g)) and by hydrazine.

(¢) The best method is probably that used by Ruff and Bornemann.®
The alkaline solution containing alcohol is heated on a water-bath and
exactly ncutralised with 2N-sulphuric acid in presence of phenol-
phthalcin, so that the solution remains colourless after prolonged
heating. When the precipitate has scttled the hiquid is heated for
six hours more, and filtered through a tared tube containing asbestos ;
the precipitate 1s well washed, dried at 150° in a current of carbon di-
oxide charged with alcohol vapour, then heated to 250° and cooled in
carbon dioxide, and weighed as OsO,. The dioxide may also be 1gmited
in hydrogen and the metal weighed ; as a check, the dioxide or metal
is ignited 1 oxygen and any fixed residue deducted.

(d) Makowka ® precipitates the alkaline osmatce solution by mecans
of an acctylene current ; the reduction to metallic osmium 1s stated to
be complete after twenty to thirty minutes. The precipitate 1s ignited,
at first gently, then strongly, in a current of hydrogen. The punty
of the mctal may be ascertained by a subsequent ignition m oxygen.

(e) On account of the volatility of the tetroxide and the difficulties
attaching to the cxact determunation of the clement, the osmium
content of high-grade matenals such as osmiridium has been fre-
quently, if not generally, reported by difference.

Note.—Bcfore and after 1gnition of osmium precipitates in hydro-
gen it is neccessary to pass a current of carbon dioxide over the
mctal to prevent catalytic action, which sometimes takes place with
explosive violence.

§ V. Volumetrie Determination.”—Osmium tctroxide can be deter-
mined 10dometrically in a solution frce from xtrie acid, which may be
obtained by first precipitating a solution of alkalinc osmate as dirccted
in § 1V, (¢) or (d). The precipitated mectal or dioxide 1s filtered off
on asbestos, washed, and hecated with chromic and strong sulphuric
acids to 120° in a current of oxygen. The usual distillation apparatus
is employed, and the tetroxide received in caustic alkal. The cold
distillate is carefully neutralised with sulphuric acid; an cxcess of

1 Deville and Debray, loc. cst. (p. 216).

2 Bull. Soc Chym., 1903, 29, 805.

3 Loc. cit., p. 214.

¢ Frémy, Ann. Chvm. Phys., 1844, 12, 521.

8 Z. anorg. Chem., 1910, 65, 429.

¢ Z. anal. Chem., 1907, 46, 147.

? Klobbie, Chem. Centralbl., 1898, 11, 65; Ruff and Bornemann, Z, anorg. Ck ,
1910, 85, 429,



216 THE ANALYSIS OF THE RARER ELEMENTS.

potassium iodide is added, and the liquid titrated with thiosulphate :
0s0, +-4KI+ 2H,80,=0s0,+2K,S0,+41+2H,0. 1 c.c. N/10 Na,S,0,
=0-0063725 grm. OsO,. Starch paper is used as an outside indicator,
as the dark green colour of the solution masks the end-point if starch
solution be added.

§ VI. Detection in Ores.—(a) The detection of osmium in ores
involves, as a rule, the isolation and identification of osmiridium.
For alluvial sands the procedure is the same as for platinum (g.v.
§ VL, (b)). The mctalhic particles obtamned by mineralogical analysis
are digested with aqua regia to dissolve platinum, gold, ete.; the
osmiridium in the residue may be identified by its mincralogical
characters, and by the smell of osmium tetroxide on strong ignition
in air. For a chemical test the metallic particles are fused with per-
oxide (§ IIL, (b) (3)). the melt leached with water, and the solution
distilled with aqua regia into a well-cooled recetver contaiming water.
The distillate, which has a penctrating smell, yields a brown pre-
cipitate on acdification and treatment with hydrogen sulphide; a
drop of o1l, in contact with 1t or the vapour, becomes black ; when
heated with caustic alkal and alcohol 1t acquires a purple colour. A
Bunsen flame becomes luminous when held in thewapour.

(b) If an ore or rock m lump form 1s to be tested for osmium the
procedure used for platimum, palladium, and rhodium 1s not appheable,
as the whole of the osmimuum may be volatihsed during cupellation.
In such a case the material may be fused as deseribed 1n § VIII, (a),
or under Irdmam, § V, (0) (1).  The residue from the nitrie acid treatment
of the lead button 1s fused with peroxide and the solution of the melt
distilled with aqua 1egua, cte., as under (a). A wet method for 1solating
osmium 15 gincn under Ruthenium, § VI, (¢).

§ VII. Determination in Ores.—(a) The determination in osmi-
ridium, and platinum ore and residues, will be found 1n § VIII.

(b) The deternunation m sulphide or other ores, or materials con-
taining small quantities of osmiun, 15 conducted hike that i platinum
ore residues (§ VIIL, (@), or as directed for mdium (go. § V, (b) (1)),
or ruthenium (q.e. § VI, (¢)).

§ VIII. Complete Analysis. —(«) Platinum Ore Residues. — These
consist chiefly of osmimdium and sand.  They are mixed with three
to four parts of htharge; the muxture 15 poured mto a crucible con-
taining one to two parts of fused lead.r The mass 15 covered with
htharge and fused for half an hour, being stirred from time to time
with a pipeelay stem.  When cold the crucible 1s broken, the button
freed from litharge with acetic acid, cleaned by brushing, and dissolved
in dilute nitric acid (see ¥1).  The solution 1s filtered, tRe residue well
washed with nitric acid followed by water, and dried ; it 15 brushed off
the filter, the latter ashed, and the residuc and ash weighed (see R?).
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F1: ppte with small excess of H,SO,, | R'. digest with aqua regia, filter, wash
filter, wash.
R3: dry and|JF?® evaporate with a
P2. PbSO,, | F2+ ovaporate almost to | weigh as Oshi | fow drops of H,SO,, dilute,
reject dryness, take up with | Analysis: seo (b). | filter off and reject PbSO,,
—————— - water, filter, ppte fil-|————————— cvaporato filtrate, add
trate with Hg(CN), ; 1gnite, weigh Pd NH,Cl (Rhodium, § ITL, (%) (2)). Let stand
and filtor
F4. evaporate agan, filter, wash with ammonium chlonde | P*  add P%; ignite
solution gently, weigh Pt+Ir,
— Separation Indium,
F5: ppte with HCO,H, ignite and weigh Rh. 1 5 add to Pt | § 111, (9)

The differcnce between the original weight and that of the residue
R plus Pd (F?) is sand.

(b) Osmaridium (sce (a), R?¥). (After Leidié and Quennessen.?)

1-2 grm , fuse with 1 part NaOH and 4 of Na,0, in Ni crucible for } hour, stirnng
continuously with Ni spatula and keeping mixtuie i pasty condition  Pour, leach
melt with water, transfer to glass-stoppered decantation flask  Decant clear hqud
mto distillation flask, digest residue with NaOCL, wash by decantation

St distil in Cl current (Ruthenium, | R*

§ 1LL, (/)) into three recervers cooled 1n

dissolve 1n hot dilute HC, filter

ice and filled to two-thirds with HCl| R4 Oslr If small, | F4. add 82 Treat
(1 2 H,0) dry, weigh, subtract | with NaNO, followed
fiom oniginal weight , | by Na,CO, Boil

Sz, acidify  with | D2+ return to | 1t large, again fuse and | some time, filter
HCl, add to F4 distillation flask | distal

after emptymg |—-—-——-— —
the latter TPass curient of air, heat |—-—- —o -+
to 70°, roceive distillate i three con- | '*+ warm with HCI, | P® extract with
densers, the first contaming HCI, the | saturate with H('l gas, | dilute H(Y, filter.
others 12 per cent NaOH and alcohol - filter, 1eject NaCl,
When condensed drops are no longer | evaporate filtrate, | R® Au | F¢ Cu, Fe
coloured, return contents of fitst con- | dilute  with  H,O,

denser to distilhing flask, fill first con-
denser with NaOH and C,H;OH, distl
half the contents of the flask

gradually add Mg till colourless  Filter,
wash with 5 per cent H,S80,, then H,0, dry,
ash flter, 1gnite 1in H, cool i CO,, weigh
It 4+small amounts of Pt, Pd, and Rh
Fuse with Pb, and proceed as directed
under Irnidium, § III, (R), for determination
of Pt, Pd, and Rh  Ir s found by difference.

—[)s goe Osmium, | 83 see Ruthenium,
§ IV, (o) § LV,<(b)

(¢) Natwe osmiridium is analysed like platmum orce (fusion with
silver, cte.: Platinum, § VIIL) or platinum ore residues (sec (a)).
The portion msoluble mm aqua regia 1s treated as above (b).

IRIDIUM.

§ I. Minerals.—(«) Platiniridium, chiefly platinum and iridium in
varying proportions; cither may predominate.  Occurs together
with native platinum m form of white mctallic grains or pellets, in-
soluble in aqua regia. H 6-7; sp. gr. 22. .

1 Comptes Rendus, 1903, 186, 1399 ; Bull. Soc Chaum., 1901, 25, 840, Soo also Mart1

Annalen, 1860, 117, 357, Lea, Chem. News, 1864, 10, 279, 301 ; Pirngruber, Eng ©
Journ., 1888, 44, 256 ; Leidié, Bull. Soc Chvm , 1901, 25, 9.
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(b) Osmiridium.—See Osmium, § I.

(¢) Native platmum contains a subordinate amount of iridium.

(d) Iridium is occasionally found in minute quantity in some base
metal ores.

§ II. Properties and Compounds.—(a) The metal is white, hard, and
brittle. Sp. gr. 22-4; M.P. 2300°. Compact, it is insoluble in all
acids and in aqua regia; the latter attacks the finely divided metal,
though slowly. If in the compact state it may be brought to a fine
state of subdivision by fusion with ten to twenty times its weight of
zine, the surface of which 1s kept bright by frequent additions of small
quantities of ammonium chloride ; the heating is continued until the
zine is entircly volatilised.! Fused bisulphate oxidises, but does not
dissolve it; smmilarly, fusion with sodium hydroxide and nitrate
converts it into scsquioxide, insoluble in water, but soluble in aqua
regia. The metal 1s also rendered soluble by ignition with sodium
chloride n a current of chlorine. It alloys with platinum, but not with
gold ; the platinum alloy is soluble in aqua regia provided the iridium
content docs not exceed 30 per cent.

(b) Iridium sesquisulphide, Ir,S,;, is precipitated by hydrogen
sulphide from the solution of the trichloride or the tetrachloride ; the
latter first undergoes reduction to the former, with scparation of
sulphur. The brown precipitate is soluble iIn ammonium sulphide.

(¢) The tetrachloride, IrCl,, is obtained as a black residue by evapo-
rating a solution of chlorindic acid, IEIrClg. The latter 1s prepared
by dissolving the tetrahydroxide i hydrochlorie acid, or the finely
divided metal or the sesquioxide 1 aqua regia.

(d) Potassium chloriridate, K,IrClg, blackish-red octahedra, from
potassium chloride and chloriridie acid or its sodium salt ; insoluble in
alcohol and in saturated potassium chloride solution. One part of
iridium in 500 of platimum can be detected by the reddish tinge of
the chloroplatmate precipitate, due to admixture of chlorindate ;
the colour deepens with increase 1 the proportion of iridium.

(e) Ammonwum chloriridate, (NH,),IrClg, from ammonium chloride
and chloriridic acid or thc sodium salt ; samc properties and appear-
ance as the preceding.

(f) Sodium chloriridate, NayIrClg, is formed when a mixture of
sodium chloride and iridium is hcated in chlorine. Reddish-black
crystals very soluble in water and in alcohol.

(&) The trichloride, IrCly, is obtained by reducing the solution of
the tetrachloride with ferrous sulphate, oxalic acid, stannous chloride,

\eroxylamm(, sulphur dioxide, or sodium nitrite ; the colour of the
“d_changes from orange-brown to green. The solid salt is olive-
qua regia converts it into tetrachloride.

tassium chloriridite, K IrClg.8H,0, from potassium chloride
eceding, or from the chloriridate by reduction with one of

o enumerated under (g) ; soluble green crystals.
O \;’.squwwzde Ir,0,, is formed when the metal is fused with

s \Dewlle and Debray, Ann. Chim. Phys., 1859, 56, 474,
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alkaline hydroxide and nitrate. Black powder soluble in aqua regia
(see (¢)) ; decomposes at 1000°.

(4) The tetrahydroxide, Ir(OH),, is a blue precipitate formed when
caustic alkali is added to tetrachloride solutions. It dissolves slowly
in hydrochloric acid. Ignition in a current of carbon dioxide converts
it into the black diozide, IrO,, insoluble in acids.

(k) Sulphates.—The sesquisulphate, Iry(SO;)s.2H,0, from the tri-
hydroxide and sulphuric acid, forms alums crystallising in yellow
octahedra. Iridic sulphate, Ir(SO,),, has also been prepared.

§ II1I. Quantitative Separation.—(a) Separation from Silver.—When
silver containing iridium is dissolved in nitric or sulphuric acid the
latter metal remains insoluble. . ’

(b) Separation from Gold.—(1) The metals are parted with dilute
agqua regia, which dissolves the gold.

(2) Oxalic acid, ferrous chloride, or sulphur dioxide reduce auric
chloride to metal, while converting iridium tetrachloride into trichloride.

(8) Iridium present as or oxidised to tetrachloride is precipitated
with potassium or ammonium chloride, hke platinum (q.v. § I1I, (e)).

(¢) Separation from Ruthenium.

(d) Separation from Rhodium. ]

(e) Separation from Palladium. I

(f) Separation from Osmium.

(g) Separation from Platinum.—(1) The mixed precipitate of ammo-
nium chlorinidate and chloroplatinate is cautiously heated (see Platinum,
§ IV, (¢)) until all volatile matter 1s driven off ; it is then strongly
ignited in hydrogen, and the metallic residue (consisting of unalloyed
iridium and platinum) digested at 50° with dilute aqua regia (1: 4 to 5
water). The extraction is repeated, using fresh acid each time, until
the liquid no longer becomes colourcd. The ridium remains insoluble ;
it is filtered off, igmted m hydrogen, and weighed. The filtrate is
evaporated to dryness, the residuc ignited and weighed as platinum.!

(2) The mixed precipitate of the double chlorides is dissolved in
20-25 times 1ts weight of hot water, and a few crystals of oxalic acid are
added.2 When cffervescence has ceased, more oxalie acid is added until
reduction of iridium to the trichloride is complete.  After boiling for a few
minutes onc-half of the amount of ammomum chloride necessary for
saturation is added. After two to three days’ standing the precipitate of
chloroplatinate is filtered off.  The filtratce is boiled with aqua regia and
saturated with ammonium chloride, when the chloriridate is precipitated.

(8) Alloys of platmum and iridium contaming less than 30 per
cent. of the latter metal arc dissolved in aqua regia ; the solution is
freed from nitric acid by evaporation with hydrochlorie, the residu
dissolved in water, and the solution precipitated with ammoniur
chloride. The precipitate is treated as under (1) or (2). Metal contain-
ing more than 80 per cent. of iridium (e.g. platiniridium) is fused with
zine (§ I1, (a)) if necessary and the comminuted material opcned up b
ignition with an equal weight of sodium chloride in a current of chlori

1 Dewille and Debray, see p. 229. ? Lea, loc. cat. (p. 217).

Sce these metals, § I11.



220 THE ANALYSIS OF THE RARER ELEMENTS.

The solution of the melt is precipitated with ammonium chloride. In
the case of native platiniridium, the filtrate from the mixed precipitate
contains rhodium, palladium, copper, and 1ron (¢f. Platinum, § VIII,
A4 (f)and (g))-

(h) Separation of Iridium, Ruthenium, Platinum, Rhodium, and
Palladium by Fusion with Lead (after Deville and Stas').—When an
alloy or sponge containing the above platinum mctals is heated with
-ten times its weight of lead to 1000° for two hours the lcad alloys with
platinum, palladium, and rhodium, but not with iriddium and ruthenium.
When cold the crucible is broken, the button cleancd, dissolved in
nitric acid (1: 10 water), and the solution filtered; the residue is
washed with hot water. The further trcatment of the residuc and
filtrate is tabulated bclow.

FL: ppte culd with shght oxcess of dilute | R!: boil with strong H,80,, diluto, filter,
H,S0,, heat, let stand, filter when cold, | wash with CH,CO,NH,

wash and reject PbSO,. KEvaporato fil.
trate, together with F* and F%, to expel | F* add to F! IR‘ boil  with dilute
HNO;  Dilute, add excess of CHyCO,NH,, | ————— aqua regre (110 H,0),
boil with HCO,H under reflux, hlter, | filter

10)ect filtrate after testing for complete
pption  Dissolve ppte n aqua reqia, | R°  fuse with one part | ¥5. add to F*.
evaporate with HCl to destroy HNO,, | NaOH and four of Na,O, ' ——-— —
leaving 1esiduo shghtly acidd with H(C1 | N1 crucible, leach, decant, digest
Dilute, add freshly ppted Agl, digest, | residue with NaOC1, decant washings

filter

R8. add to 8. | 8¢ transfer decanted
P2 determine Pd | ¥2  evaporate to hqmd and washings to
——— dryness with shght | distillation  flask, distil 1n  chlorime
excess of NaCl, oxtract powdoered residue | curtent

with strong alcohol, filter, wash with
alcohol D?  ppte with | S7 add RS, dissolve
Mg, filter, wash | mn dilute H(Cl, avoid-
I3 evaporate to | R® dissolven H,0, | with dilute HCl, [1ng excess Dpte
dryness, add a httle | evaporate to'dryness | 1gnite, weigh | with Mg, wash with
H,0 and excess of | with excess of Na,CO, | Ru dilute  HCl, 1gnite,
Na,COg solution, |solution, 1gnite weigh Ir

evaporate, 1gmte | gently, extract with | ——
gently, extract with | H,0, filter, wash
H,0, filter, wash | with dilute HC(l,
with dilute HCI, | 1ignite, weigh Rh
lgmte welgh Pt.

Note —-Provious to weighing the plati-
num metals must be igmted m hydrogen
and cboled in carbon dioxide

§ IV. Gravimetric Determination.—(a) Irndium 1s always weighed in
the metallic state after ignition hvdrogcn (cf. § 11L, (g2)).

(b) The solution contaning iridium is evaporated with aqua regia to
convert all of the iridium into tctrachlonide ; the evaporation must be
done at low tempcrature on the water-bath, or the dry residue evapo-
rated once more with a httle aqua regia. It is then dissolved in very
Rttle water, the solution precipitated with potassium or ammonium
chloride, and the determination conducted like that of platinum (q.v.
§ IV, (c) or (d)), except that the metal must be ignited in hydrogen.
4, (¢) The solution, free from other platinum metals, is cvaporated to

"ness with excess of sodium ecarbonate, the dry residue gently ignited,
us 4 Op. cit., P. 199.
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extracted with water, digested and washed with dilute hydrochloric
acid, reduced by ignition in hydrogen, and weighed.

§ V. Detection and Determination in Ores.—(a) Detection.—(1) The
black residue from the parting of a silver bead (1n the firc assay for gold
and silver) or from the solution of a lead button (sce (b) (1)) in nmitrie acid
is extracted with dilutc aqua regia, and the residue from that treatment
mixed with sodium chloride and heated in chlorine.  The melt 1s taken
up in a minimum of water and treated with potassium chloride, giving
a reddish-black crystalline precipitate. For a further test, this preeipi-
tate may be dissolved in hot water and the solution boiled with sodium
nitrite, when the colour will change to green—or treated with excess of
caustic potash: the green solution thus obtained turns paler on heat-
ing, then pink, violet, and lastly, the bluc hydroxide 1s precipitated.

(2) Detection i osmiridium : the muneral 15 fused with sodium
peroxide (Osnuum, § VI, (a)) and the solution of the melt evaporated
with aqua regra under a hood to expel osmmium ; the residuc 1s taken up
with agua regia and the solution precipitated with potassium chloride.

(8) Detection 1n platimiridium : this 1s opened up as n § 111, (g) (3).
The resulting solution 1s boiled with oxahe acid, cooled, and precipi-
tated with ammonium chloride : a ycllow preapitate of chloroplatinate
will be obtained. The green filtrate 1s boiled with aqua regia and
saturated with ammonium chloride, when a dark red precpitate 1s
formed. (4) See Platinum, § VI, (c).

(b) Determination.—(1) Sulphide and Base Metal Ores.—When an
orc containing iridium, ruthenium, or osmiridium 1s submitted to
cructble fusion with hitharge and surtable f{luxes these mctals will
collect in the lead button, but unhke platinum, palladiunm, and rhodium
they only smk through the flud.lead without alloymg with 1it.  Hence
mn pouring the charge there 1s risk of leaving some of the heavy particles
mm the crueible.  Further, m cupeling the button the imdium, cte.,
may not wholly concentrate in the silver bead but partly remain on
the cupel, while at lcast part, sometimes the whole, of the osmium will
be volatilised. To carry out a dry assay for iridium, ruthcnium, or
osmiridium the ore 1s smelted with appropriate fluxes to obtam a fairly
large lead button. When fusion 1s tranquil the crucible 15 withdrawn
from the fire without agitating 1ts contents and left to cool. It is then
broken, and the lead button separated from the slag and cleaned without
hammering. Acctic and dilute hydrofluorie acids may be used. The
clean metal 15 dissolved 1n dilute nitrie acid (1 : 10) and the solution of
lead nitrate filtcred from the heavy black residue.  This 15 treated with
dilute aqua regia to extract lead, gold, platinum, or rhodium, filtered
off and washed, the paper dried and ashed separately, and the weighed
residue fused with peroxide, as described under Osmium, § III, () (3).
The solution of the melt is treated for the determmation of iridium,
ruthenium, and osmium, as described for osmiridium (sce Osmium,
§ VIII, (b)).

(2) Platinum Ore.—See Platinum, § VIII.

(8) Osmniridium.—Sce Osmium, § VIII, ().
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PLATINUM.

§ I. Minerals.—(a) Platinum is found native, i the form of an
alloy containing more or less subordinate quantities of the other
platinum metals, iron, and copper. It occurs in small, whitish steel-
grey, flattened grains or pellets of sp. gr. 16-19, more rarely in
nuggets, in alluvial deposits resulting from the disintegration of basic
igneous rocks (e.g. peridotite, norite, gabbro) and their alteration pro-
duct, serpentine., The gravels consist mainly of chromite, magnetite,
ilmenite, spinel, corundum, zircon, and quartz ; besides platinum, they
usually carry osmiridium (g.v.) and gold. The most important deposits
are found 1n the Ural Mountains, where 100 tons of placer yield about
1 lb. of concentrate termed ““ platinum ore ;5 this contains 70-80 per
cent. of platinum and about 10 per cent. of other platinum metals.
The sands of some rivers carry platinum.

(b) Very small quantitics of platinum, palladium, rhodwum, ete.,
exist in sulphide ores such as pyrrhotine and mickel-copper ores,
especially in Ontario and some Amcrican localitics.  Platinum has also
been found in tetrahedrite. The noble metals accompany the copper
in the smelting processes and finally pass over mto the clectrolytic
refinery sludge.

(¢) Sperrylite, the diarsenide, PtAs,, 1s the only compound of
platinum found in Nature. It 1s met with i the nickel-copper ores
of Ontario.

§ I1. Properties and Compounds.—(a) The metal 1s white, soft, and
mallcable, melts at 1755°, and can be welded at a white heat.  Sp. gr.
21-45. Aqua regia rcadily dissolves 1t, sulphurie acid very shghtly
at high temperature, while hydrochlorie, hydrofluorie, or nitric acid
are without action. It 15 soluble m nitric acid when alloyed with much
silver, copper, or lcad. The metal 1s appreciably attacked by fusion
with alkaline hydroxide, peroxide, ntrate, or cyamde, less so by
bisulphate. Fused lead, bismuth, antimony, or arscnie combine with
platinum, forming easily fusible alloys. It also alloys with gold and
the other platmum metals. All its compounds are decomposed on
ignition, leaving a residue of spongy platimum.

(b) Platinum disulplide, PtS,, 1s a black precipitate which falls
when hydrogen sulphide 1s passed through hot solutions of platinic
salts ; it forms more slowly in the cold. Contrary to the usual state-
ments 1t 1s practically insoluble n alkaline su]pfudcs, but more or less
soluble in presence of sulphides of the base metals. Soluble 1n aqua
regia. Somctimes the precipitate produced by hydrogen sulphide is
brown 1n colour ; this is hydrogen platinum sulphide.

(¢) Chloroplatinic acid, H,PtCl,.6H,0, 1s formed by solution of the
metal in aqua regia and cvaporation with hydrochloric acid. Reddish
deliquescent crystals very soluble in water and in aleohol,

(d) Ammonium chloroplatinate, (NH,),PtClg, crystallinc precipitate
consisting of microscopic octahedra, formed by addition of ammonium
salts to chloroplatinic acid solutions. When produced in the cold it is
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pale yellow, but if precipitated from hot solutions its colour is orange.
Sparingly soluble in water (100 parts dissolve 0-66 part at ordinary
temperature), insoluble in alcohol and in saturated ammonium chloride
solution. When ignited it leaves a residue of spongy platinum.

(e) Potassium chloroplatinate, K,PtClg, isomorphous with and in-
distinguishable from the preceding ; ignition, however, converts it into
a mixture of potassium chloride and platinum. From chloroplatinic
acid and potassium salts. 100 parts of cold water dissolve 0-9 part.
Insoluble in aleohol and in saturated potassium chloride solution.

(f) Sodium chloroplatinate, Na,PtCl;.6H,0, red crystals very
soluble in water and 1n alcohol. The anhydrous salt may be obtained
by heating common salt and finely divided platinum m chlorine.

(g) Tetrammineplatinous chloroplatinite [ Pt(NI;),][P1Cl,}—Magnus’s
green salt—is of great scientific interest as being the starting-poimnt for
the preparation of the twelve scries of ammomiacal platinum com-
pounds, analogous to thosc of cobalt and chromium.

(k) Barium platinocyanide, BaPt(CN),.411,0.—The rhombic crystals
are dichroic, transmitting green hght in the direction of the primary
axis, and yellow light at rnght angles thereto. Becomes luminous
when exposed to Rontgen rays.

§ III. Quantitative Separation.—(a) Separation from Base Metals.—
From members of the ammona-ammonium sulphide group, platinum
is separated by precipitation with zine or hydrogen sulphide; from
metals of the hydrogen sulplide group by preapitation with formie
acid and ammomum acctate (§ IV, (¢)). In cach case the precipitate
is ignited and weighed as platinum.

(b) Separation from Lead, Bismuth, Copper, Cadmium.—The alloy
is boiled with sulphuric acid (9 : 1 water) ; platinum remains nsoluble.
In the case of lcad, the residual metal should be boiled with ammonium
acetate sohution.

(¢c) Separation from Lead.—When a lcad button contaimning platinum
is cupelled, the metal scts before all the lead has been absorbed by the
cupcl ; the button 1s dissolved 1n aqua regia and the solution treated
as under (a), or re-cupelled with excess of silver and lead, and the silver
bead trcated as under (d) (1) below.

(d) Separation from Silver.—(1) Alloys rich in silver (i.e. more than
ten Llimes the amount of platinum) arc parted with sulphurie acid.
The metal, in the form of thin sheet or fine {ilings, 1s boiled with slightly
diluted sulphuric acid (9 : 1 water) and the boiling continued for a few
minutes after the evolution of sulphur dioxide has ceased. The silver
is converted into sulphate; platinum is unattacked. The latter is
filtered off, thoroughly washed with boiling water, 1gnited, and weighed.
If the proportion of platinum 1s higher than that indicated above,
the alloy must be cupclled with lead and sufficient silver to obtain
the desired ratio. Or the alloy is first parted with sulphuric acid
and the residue treated with aqua regia (sce (2)).

(2) Alloys containing less than 15 per cent. of silver can be parted
with dilute agua regia (1:1 water). Silver is converted into chloride,
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platinum into chloroplatinic acid. The excess of acid is almost expelled
by evaporation, the residue taken up with water, the silver chloride left
to settle, filtered off, and washed with acidulated water. If not pure
white, or if much platinum 1s present, the precipitate 1s dissolved in a
minimum of ammonia, the hot solution faintly acidified with acetic acid,
and left mn the dark till clear.  The combined filtrates arc cvaporated to
dryness, the residue taken up with hydrochlorie acid, which 1s agam
evaporated to cxpel nitric acid prior to precipitation of the platinum
with ammonium chlonde.

(8) ! The mitric acid solution of the two metals (resulting from solution
of silver-rich alloys) 1s precipitated hot with a shght cxcess of hydro-
chloric acid. The silver chloride 1s left to scttle mn a dark cupboard,
filtcred off, washed, and the filtrate cvaporated to dryness.  The silver
precipitate almost mvariably contamns minute quantities of platinum
which may mmpart to 1t a very pale flesh colour. It 1s dissolved in a
mimimum of ammoma and the solution acidified with acctic acid as under
(2). If the absolute quantity of silver is very large, the ammomacal
solution of the chlonde 1s preferably evaporated on a water-bath until
the bulk of the ammonia has been driven off 3 the last of the silver in
the filtered hiquid 15 then precipitated by acidification with acetie acid.
The filtrate from the re-preeipitated silver chlorde is treated with a small
excess of ammonia and ammonium sulphide, heated, acidified, and boiled.
The precipitate 1s filtered off, 1gnited, and dissolved m aqua regia ; the
solution 15 added to the evaporated filtrate contaming the bulk of the
platinum, the nitric acid expelled as usual, and the platinum precipi-
tated with ammomum chloride.  Alternatively, the silver chloride con-
taining a little platinum may be reduced with zie, the sponge washed,
dried, and boiled with sulphuric acid as under (1).

(e) Separation from Gold.—(1) The concentrated solution of the
chlorides is treated with excess of ammonium chlonde (§ IV, (¢)):
the gold remains 1 solution.

(2) The weakly acid chloride solution 1s heated with oxalic acid,
or ferrous chloride or sulphate, until the preeipitated gold has scttled.
The filtrate 1s heated to boiling and the platinum preaipitated with
hydrogen sulphide. If oxalic acidd 1s used, the filtrate may also be
evaporated to dryness and the residue cautiously 1gnited.

(3) The acid solution of the chlondes 1s shaken with cther 1in a
scparator, the operation bang repeated two to three times with fresh
cther. The gold 15 1n the ethereal, platinum in the aquceous layer.

(f) Separation from the other Platinum Metals.—This is discussed
under each individual mctal (§ I11.).

§ IV. Gravimetric Determination.—Platinumn 1s always weighed in
the metallic state.?

(a) Solutions contaming no other fixed constituents are evaporated
to dryness in a tared porcelain crucible. The residue is ignited (in
hydrogen if considerable) and weighed.

1 Authors’ method. »
* Electrolysis . see Classen, Beriwchie, 1884, 17, 2467, Z. anal Chem., 1885, 24, 250.
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() If no other heavy metals are present, the boiling-hot solution,
free from nitric acid, may be precipitated with hydrogen sulphide.
The precipitate is filtered off, washed with dilute acid, ignited, and
weighed.

In order to produce a sulphide precipitate which settles well and
gives a clear filtrate Gaze! recommends adding mercuric chloride
(5-10 per cent. of the platinum present) to the solution prior to passing
hydrogen sulphide, the mercury being volatilised in the subsequent
ignition, Ivanov ? brings about flocculation by adding 5 grm. of
magnesium chloride per 100 c.c. of solution, saturating with hydrogen
sulphide, and boiling till all the gas 1s expelled.

In the authors’ experience, prccipitation of very dilute platinum
solutions acidified with hydrochloric acid 1s successfully accomplhshed
by saturating the liquid with the gas and keeping 1t on a boihng water-
bath till quite clear.

(¢) Precipitation as ammonium chloroplatinate : the concentrated,
weakly acid solution is saturated whilst hot with solid ammonium
chloride, or a hot saturated solution of the same salt, and left to stand
overnight. The precipitate is filtered off and washed with saturated
ammonium chloride solution. The precipitation may also be carried
out in a solution to which two to three volumes of alcohol have bceen
added, the precipitate bemg washed with 80 per cent. alecohol. The
precipitate 1s wrapped in the filter paper, dried, and heated very
gradually i a covered crucible tared with its hd. The ammonium
salt should volatilise without evolution of visible fumes; the larger
the amount of precipitate the more cautiously should the heating
proceed, otherwise minute particles of platinum will be carried away
by the gases. The tarry matter is finally burned off, the residue
strongly 1gmited for a fcw minutes, and weighed. Large quantities
should be ignited in hydrogen after the removal of the carbonaceous
matter.

(d) Precipitation as potassium chloroplatinate 1s carried out hke
the preceding. Ignition of the precipitate gives a residue contain-
ing potassium chloride; this is extracted from the ignited mass
with hot water; the platinum 1s filtered off, washed, 1gnited, and
weighed.

The potassium or ammonium precipitate may also be dissolved in
hot dilute hydrochloric acid, the boiling solution precipitated with
hydrogen sulphide (see (b)), and the precipitate ignited and weighed.
Another method, suitable for bulky precipitates, consists in trans-
ferring the dried precipitate to a small porecclam basin and removing
the last particles adhering to the paper by means of hot water. The
washings are added to the dish containing the precipitate, and the
whole evaporated to dryness with excess of sodium carbonate solution.
The dry residue is gently igmted, cooled, and extracted with water ;
the mctallic residue is filtered off, washed with dilute hydrochloric
acid,, ignited, and weighed.

L Journ. Chem. Soc., 1913, 104, 1. 440. 2 Ibid., 1917, 111, u. 154.
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(e) Precipitation with formic acid. The solution, free from nitrates,
and containing but little acid (i.e. nearly neutralised with ammonia), is
boiled under reflux with excess of formic acadd and ammonium acetate.
After several hours’ boiling the precipitate of metallic platinum is
filtcred off, washed with dilute hydrochloric acid, 1gnited, and weighed.
The filtrate should always be boiled again for some hours to make sure
that the whole of the platinum has been precipitated.

Palladium, iridium, and rhodium are also precipitated, and may
be determined, by this method.

§ V. Volumetric Determination.— Platinum may be determined iodo-
metrically by pouring the chloroplatinate solution into a cold concen-
trated potassium 1odide solution.! Iodine 1s liberated, and measured
by very dilute sodium thiosulphate: PtCl, +4KI=Ptl,+4KCl +1L,.
1 c.c. of N/1000 thiosulphate=0 0976 mgrm. Pt.

Gold reacts 1in the same manner as platinum: AuCl;+3KI=Aul
+38KCl+1,.

§ VI. Detection in Ores.—Thec procedurc adopted depends upon
the character of the materal. This may be (a) a base mctal ore
(oxide, sulphide, or matte) ; (b) an alluvial.

(a) The ore 1s subjected to crucible fusion as mn the dry assay of
gold and silver. If the silver button (or the residue from the parting)
is very small, a number of fusions must be madc and the lead buttons
scorified mto one, so as to colleet sufficicnt metal for a rchable test.
The cleaned and flattened silver bead 1s boilled with strong sulphuric
acid until the silver 1s dissolved, the acid cooled and decanted off.
The residue 1s washed with hot water, dissolved 1 aqua regia, the
acid expelled on the water-bath, the residue evaporated with hydro-
chloric acid and taken up with a few drops of water. Enough sohd
ammonium chloride 1s added to saturate the solution, which 1s stirred
with a glass rod. A ycllow crystalline precipitate consisting of octahedra
when viewed through a microscope proves platinum to be present.

(b) The alluwvial 15 screened through sieves of switable aperture to
eliminate coarse material.  The undersize 15 submitted to the operations
of mineralogical analysis (Chapter 1.) to obtam a concentrate which
will contamn the platinum. If the sample 1s apparently low-grade, 1t
is first concentrated by panning; the concentrate 1s dried and ex-
tracted with the weak power of an electromagnet to remove 1lmenite,
chromite, or other iron minerals. Care has to be exerased, however,
in the use of the clectromagnet, as some varicties of native platinum
are said to be strongly magnetic. Both the magnetic and the non-
magnctice fraction should thercfore be examined. The magnctic portion
may be submitted to fractional magnetic separation, and the non-
magnetic treated with bromoform ; the heavy material and the magnetic
fractions are exammed with a pocket lens. Particles of metallic
appearance arc picked out, trcated with aqua regia, and thc solution
thus obtained further examined as under (a).

(¢c) When platinum has been detected in an ore, the presence of

1 Peterson, Z. anorg. Chem., 1899, 19, 63. .
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one or several other platinum metals is at least probable. Thus the
yellow or orange colour of the parting acid indicates palladium. A
black or metallic-looking residue insoluble in dilute aqua regia may
contain iridium, rhodium, ruthenium, or osmiridium. In view of the
scarcity of these precious metals, active search is being made for new
sources of supply in ores other than alluvials. The procedurce for the
detection and separation of the platinum metals given in Chapter I.
(Qualitative Chemical Analysis, Table 1II.), whilst suitable for rich
alluvial material and concentrates, is not well adapted for the examina-
tion of base mctal ores or rocks suspected to contain small quantities
of platinum mectals. The general scheme outlined below, which is
applicable to sulphide ores as well as non-metallic mineral mixtures,
summarises the directions found clsewhere 1n this chapter.

Fuse with htharge and fluxes (see Iridium, § V, (b)) Cool and break crucible, clean
button, dissolve in HNO; (1 10), filter

Fi: ppte with H,SO,, filte1, reject ppte, | Rt warm with dilute aqua regua, filter
treat filtrate with a little HCl, filter

R3 I evaporate with
P2: AgCl | I? evaporate to fumes, filter HCI, take up with very
—————— 1l off and reject small amount httle water, nearly
of PbSO,, treat filtrate with freshly ppted saturatc with NH,CI,
Agl, or a drop of dilute KI solution, for let stand, filter

Pd(qv §V, (a) —— e
P4 yellow |F¢  boil
Fuse with KOH-+KNO, i Ag crucible, leach melt, decant | crystalline with ox-
clear solution into distilhing flask, wash residue Pt. alic acid,
filter.

S8+ acidify with HCI, distill with a | R8+ extract with
Little HNO; into KOH dilute HNQg ; heat | ¥ add H,SO,, | P5. Au
residue with NaCl [reject any
D?. test for Os|S? test for Ru|inClcurrent Dis-| PbSO,, ppte filtrate
with C,H,OH (Os- | with Na,S,0;,|solve n httle H,O, | with Zn, heat ppte

mium, § VI, (a)). (Ruthenium, § V,|saturate with | with NaClin Cl current ,
(@)). NH,Cl, reddish- | add drop of water to
black ppto=Ir melt  Rose-red colour

Note to R® —The fusion of R® may also bo carried out with NaOH and Na,0; mn a
nickel crucible. In this case the residue R® from the decantation 1s dissolved in hot
dilute HCl, the solution treated with NaNO,+ Na,COy, the filtrate from the Ni precipitate
evaporated with HCI, and tested with NH,Cl for iridium.

§ VII. Determination in Ores.—(a) In Platinum Ore.—Sce § VIII.

(b) In Base Metal Ores, Matte, etc—The actual separation and
determination of platinum is preceded by crucible fusion of the ore,
as in the firc assay for gold and silver, in order to obtamn a button
containing the noble metals. If several portions of the ore are smelted
to obtain sufficient matcrial, the lead buttons so obtained are scorified
into one, which is cupclled. To prevent solidification of the button
before the lead is almost wholly chminated the quantity of silver
should be more than ten times that of the platinum, and if the ore is
deficient in silver, the requisite amount should be added. Very low-
grade ores or sands require a preliminary concentration by panning.
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(1) The method used for materials comparatively rich in platinum
aims at obtaining a button in which the silver-gold-platinum ratio
1s 83:10: 1, by adding the necessary amount of gold and silver after
having determined the thrce metals by a preliminary assay. The
silver button is flatlened and parted by boiling with slightly diluted
sulphuric acid (9 : 1 water), which dissolves the silver. The residue of
gold plus platinum 1s washed with hot water, anncaled, and weighed,
then wrapped in sheet lead with three times its weight in silver, and
cupelled. The resulting bead is now parted with nitric acid of sp. gr.
1-1, and again with stronger acid (1-3). Platinum and silver dissolve ;
the gold is annealed and weighed, and the platinum found by difference.
If the residual gold after anncaling is not of a pure yellow colour,
inquartation and parting with mtric acid should be repeated. In
this method a quantity of pure platinum equal to that found in the
preliminary assay 1s gencrally used as a standard. It 1s cupelled
with ten parts of gold and thirty-three of silver, and the silver button
treated exactly lhike the assay. Any variation in the weight of the
standard is allowed for in the assay.

(2) Where the quantity of platinum 1s very small, it should be
determined direct. This can be done by Dewey’s method.!  The silver
button is parted with weak and strong nitric acid as before, the platinum
going into solution. The combined parting acids and washings are
treated with very dilute hydrogen sulphide water (1 of saturated
solution in twenty of water), drop by drop, whilst stirring, to precipitate
all the platinum and three Lo five times as much silver.  The precipitate
is allowed to coagulate overnight, filtered off, ignited, wrapped in sheet
lead, and cupelled ; the resulting button is parted with sulphuric acid,
the residue washed with hot water, anncaled, and weighed.

(8) The determination by chemical mecthods must be resorted to
if other platinum metals are also present. The method described
below effects the estimation of silver, gold, platinum, palladium, and
rhodium in a bead obtained by cupellation.

Part silver bead with HNOjg of sp. gr 1 1, then with acid of sp. gr 1:3  Decant, wash,

R!. extract with dilute uqua regia, destroy | F*  ppte with small excess HCI, leot
HNO; with HCl, dilute, filter. stand 1n the dark till settled, filter, wash

R2. add to residue | ¥2: boil with oxalic | P*. dissolve in mini-
from Fe, l acd, filter, wash. mum of ammonia,

add bit of ltmus —_—
paper, acidify shghtly with acetic acid,
F3. add to residue | P3. 1gmte, woigh | jot stand 1n the dark till settled , filter
from K¢ Au. and wash.

F4- evaporate to
dryness : see F°.

F5: add to residue of F4, evaporate to dryness, tako up
with water and a few drops of HCl, boil with HCO,H and
CH,CO,NH, to eimmnate a small quantity of Pb and Cu.
Filter, reject filtrate after again boiling with above reagents to test for complete pption.
Dissolve residue 1n aqua regia, evaporate excess of aocid, dilute, ppte with Hg(CN),.
Filter next day.

Ps: AgCl. Igmte and
weigh, or cupol.

1 Trans. Amer. Inst. Mwn. Eng., 1912, 43, 578.
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P8 : ignite, weigh Pd. | 7o evaporate to dryness in small porcelain cruable, ignite
I gently ; add R? and F?, agan evaporate and igmite. Thor-
oughly mix residue with dry NaCl, ignite in Cl current. Extract with alcohol, filter
(If not completely attacked, ropeat ignmition in Cl.)

R7: dissolve in H,0, | F7: evaporate to dryness, ignite gently, extract with dilute
ppte with Zn or HCO,H, | HCl, ignite strongly mn H, weigh  Dissolve m dilute aqua
ignite, weigh Rh regia (1:5). 1f complotely soluble, and evaporated aqua
regue solution gives yellow ppte with NH,Cl, the weight
ropresents Pt , 1f a residue 18 obtamned, filter 1t off, 1gnmite and weigh , test evaporated
filtrato with NH,Cl, Pt 18 obtained by difference

Note —It 18 assumed that the quantity of silver 18 more than three times that of the
palladium.

§ VIII. Complete Analysis of Platinum Ore.!—The analysis of
platinum ore (i.e. the concentrate from alluvial deposits) involves the
determination of noble and basc mectals soluble in agua regia, and that
of the insoluble portion containing osmirtddium and non-metallic matter
termed ““ sand.” The latter consists of some of the minerals enumecrated
in § I, (a). In the metallurgy of platinum, the osmiridium and sand
form a by-product called * platinum ore residues” (see Osmium,
§ VIII, (a)).

Method A (after Deville and Debray 2).—(ak\Sand.—Two grm. of ore
and 7-10 grm. of purc silver (exactly weighed) are placed in an anncaling
pot or small crucible glazed nside with borax, and covered with about
10 grm. of borax glass. The crucible is heated above the melting-
point of silver in a muffle for twenty-five minutes, allowed to cool,
broken, the silver button cleaned with hydrochlorie and dilute hydro-
fluoric acids, and weighed.  The merease over the weight of the silver
represents the metallie portion of the ore; the sand is found by
difference.

(b) Osmiridium.—The silver button is dissolved in dilute nitric
acid, the residue filtered off, dried, and weighed, then treated with
small portions of aqua regia (2 vol. HC1: 1 vol HNOj;) at 70° in a
retort provided with a cooled, well-fitting condenser ; the acid 1s distilled
off every other day, the soluble portion of the residue decanted, and
the insoluble again digested until the acid leaves no saline residue on
distillation. The operation takes ten to fifteen days. The decanted
liquors are filtered, and the metallie residue from the retort collected
on the same paper, which is dried; the residue is brushed off, the
filter burned, and the ash added to the bulk of the insoluble. This is
weighed as osmiridium.

(c) Silver Natrate Solution.—If the weight of the residue from the
nitric acid treatment is smaller than that of the silver button minus
the added silver, the fraction rendered soluble during the fusion must be
recovered from the silver nitrate solution.  This is done by precipitating

! See also Myhus and Forster, Ber., 1892, 25, 665; Wunder and Thuringer, Z. anal.
Chem , 1913, 52, 740 ; Duparc and Holtz, Chem. Zest., 1911, 35, 765, Bunsen, Annalen,
1868, 146, 265 ; Claus, Beilrage zur Chemie der Platinmetalle, Dorpat, 1854 ; Gibbs, Amer.
Journ. Scs , 1861, 31, 63 ; 1862, 84, 353 ; Schwitter, loc. cit. (p. 209).

2 Ann, Chim. Phys., 1859, 58, 439.
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the silver as chlornde and evaporating the filtrate to dryness. The
silver chloride containing a small quantity of platinum (palladium) is
dissolved in ammonia and the solution treated as under § II1, (d) (3) ; the
small amount of metal obtained by ignition of the sulphide precipitate
is dissolved in aqua regia, the solution added to the evaporated filtrate
from the silver chloride, and the whole added to the main solution (e).

(d) Osmium.—A small amount of osmium is often found in the acid
distillates obtained in (). The latter are poured into excess of caustic
soda containing alcohol, and the solution treated as under Osmium,
§ IV, (¢).

(e) Platinum and Iridiwum.—The filtratc from the osmiridium is
evaporated at low temperature, the residue evaporated with hydro-
chloric acid, and taken up 1n a httle water. Twice the volume of
alcohol and a slight excess of solid ammonium chloride are added ;
the hquid is warmed to dissolve most of the salt, and left to stand
twenty-four hours. The preaipitate is filtered off, washed with 75
per cent. alcohol, incinerated at low temperature, then ignited n
hydrogen to constant wecight, and weighed as Pt-Ir.

The filtrate from the ammonium chloride precipitate is evaporated
to crystallising point and left to stand overnight, when a further small
quantity of irndium and platinum precipitate is obtained. This is
added to the main portion. The mectals are separated by digestion
with dilute aqua regia (Indium, § ITI, (g)).

(f) Pealladium, Copper, and Iron.—The filtrate is concentrated to
e\cpel alcohol, digested with strong nitrie acid to destroy the ammonium
chloride, and evaporated to (hyn(-ss m a glazed Rose crucible. A
few c.c. of ammonium sulphide and 2-3 grm. of pure sulphur are added
to the residue.  After again evaporating to dryness the mass 1s 1gnited,
gently at first, then to rcdncss n a current of hydrogen sulphide. It
1s then digested for some time with strong mitric acid at 70°, the residue
of gold and rhodium (see (g)) filtered off and washed, the filtrate
evaporated to dryness, and the residué ignited.  The latter is treated
with moderately strong hydrochloric acid to dissolve 1ron and copper,
which are cstimated as usual; palladium, which remains insoluble,
is ignited in hydrogen and wcighed.

(g) Rhodium and Gold.—-This residue (scec (f)) is digested with
very dilute aqua regia, which dissolves gold. The residual rhodium is
weighed after ignition in hydrogen.

Method B (E. V. Koukline).1-

Proceed as 1 Method A, («) to (d) The filtrate from OslIr, freed from HNO, (e), 18
treated with C,H, for 45 mimutes at 90°-95°. Filter.

Pl. moisten filter with NH,NO,, | ¥'. add F? evaporate nearly to dryness, dilute
igmite, dissolve 1 aqua  regua, | with H,0, heat to 70°, add concentrated NaNO,
evaporate, take up with H,0 and | solution to convert metals into double mtntes,
one drop HCl ; ppte with Hg(CN),, | then Na,CO, solution, boil 45 minutes, filter into
let stand, filter distallation flask.

P2 | Fe B [ ps
1 Revue de Métallurgse, 1912, 9, 815.
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P2: ignite, | F2: evaporate, 1g- | F2: add NaOH, | P3 wash on filter with
reduce in H, | mite residue, dis- | pass Cl current, | dilute HCL
cool 1 CO,, | solve m aguu requa, | heat to 70°-80°,
weigh Pd expel HNO,;, add | distil into HCI R4 gmite, | F¢  Cu, Fe, and
to I, weigh Au | common metals.
Db : evaporate to syrup, dilute | S®+ neutrahse with HCl, evaporate partly, re-

with H,0, ppte with Mg added a
httle at a time Tilter off, wash
with H,0, 5 per cent. H,80,, and
H,0, dry, igmte 1n air at low
temperature, then m H, cool
CO,, weigh Ru

convert mto double mtrites with NaNO,, add
KNO, and KCl, filter, wash with 5 per cent
KNO, solution.

Ir4+Rh

with hot aqua regia, filter.

with dilute HCl, igmte in H, treat with dilute H,S0,, wash
with H,0, hoat to mncipient redness in H, cool e CO,, woigh
Fuse with fifty times the weight of pure Pbin porcelain
crucible under KCN for 2 hours, stirring occasionally with glass |
rod Dissolve KCN in H,0, Pb in dilute HNO,, treat residuc

Fé: evaporate to
dryness with HCI,
take up with H,O,
make shghtly alkaline
with NaOH, boil with
HCOH, filter, igmte, |
weigh Pt

P¢  dissolve in aqua requa,
expel all HNO,, add shght
excess of Mg, filter, wash

R7? ‘Dry, 1gnite, reduce in H, weigh Ir

F? Rh Reject, take Rh by difference.

INTERNATIONAL ATOMIC WEIGHTS (1917).

Aluminium 271 Holmiym 163 5 Rhodium 1029
Antimony 120 2 Hydrogen 1008 | Rubidium 85 45
Argon 390 88 Indium 114 8 Ruthenium 101 7
Arsenic 74 96 lodine 126 92 Samaruum 150 4
Barium 137 37 Tridium 193 1 Scandium 1441
Berylhum 91 Tion 35 84 Selenium 79 2
Bismuth 208 0 Kiypton 829 Sthicon 28 3
Boron 110 Lanthanum 1390 Silver 107 88
Bromine 79 92 Lead 207 20 Sodium 23 00
Cadmium 112 40 Lathium 6 94 Strontium 87 63
Caesium 132 81 Luatecium 1750 Sulphur 3206
Jaleium 40 07 Magnesium 24 32 Tantalum 181 5
Carbon 12 005 | Manganese . 54 93 Tellurium 127 5
Cerium 140 25 Mercury 200 6 Terbium 159 2
Chlorine 35 46 Molybdenum 96 0 Thallium 204 0
Chromium 520 Neodymimum 144 3 Thorum 232 4
Cobalt 58 97 Noon 202 Thulium 168 5
Columbium 931 Nickel 58 68 Tin 1187
Copper 63 57 Niton 2224 Titanum 481
Dysprosium 162 5 Nitrogen 14 01 Tungsten 184 0
Erbium 1677 Osmium 190 9 Uranium 238 2
Europium 1520 Oxygen 16 00 Vanadium 510
Fluorine 190 Palladium 106 7 Xenon . 130 2
Gadolinium 157 3 Phosphorus 3104 Yttcrbium 17356
Gallium 699 Platinum 195 2 Yttrium 887
Germanium 725 Potassium . 39 10 Zine 65 37

told . 1972 Praseodymium 140 9 Zirconium 90 6
Helium . . 4 00 Radium . 226 0
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GRAVIMETRIC FACTORS.
Atomic Lo
Element. V&;cg%;lt, Known. Required. | Factor. (Ma.ntlgs.sa).
Beryllium 91 BeO Be 0-3626 55937
Cesium . 132 81 Cs,0 Cs 09432 97460
CsCl Cs,0 0 8368 -92262
Cs,80, Cs,0 017786 89132
Cs,PtClg Cs,0 04181 -62127
Cs,PtClg CsCl 0 4996 69865
Cerium 140 25 Ce0), Ce 0 8142 91074
CeO, Ce,0, 0 9536 97935
Columbium 931 Ch,0g Cb 0 6995 -84477
FeO Fe(CbOyg), 47055 -67260
MnO Mn(CbhQOy), | 47530 67697
Gallium . 699 Ga,04 Ga 0 7444 -87181
Germanium 725 GeO, Ge 0 6938 84121
GoS, Geo 0 5306 72482
Indium 114 8 In,0, In 08271 91755
Lathium 6 94 1.,0 Ia 0 4645 66701
LaC1 L1,0 0 3524 54698
Wk Li,0 05759 76038
L1,80, 11,0 02718 43422
1,0, L1,0 0 3868 58754
Molybdenum . 96 0 Mo MoQq4 1 5000 17609
Mo Mos, 16679 22218
MoQy Mo 0 6667 82391
MoO, MoS, 11120 04609
MoS, Mo 0 5995 77782
PbVo0, Mo 0 2614 41737
PbMoO, MoOy, 0 3922 59346
PbMoO, MoS, 04361 63955
Osmium 190 9 050, Os 0 8564 93270
0s0, Os 0 7489 87443
Palladium 106 7 PdI, Pd 0 2959 47121
~ (CH;N,0,),Pd Pd 03167 50067
Platinum 195 2 K, PtClg Py 04015 60370
(NH,),PtCl, Pt 0 4396 -64306
Rubidium 8545 Rb,0 Rb 09144 96113
RbCl Rb,0 0-7729 -88812
Rb,S0, Rb,0 07001 84515
Rb,PtCl, Rb,0 0 3229 50903
Rb,PtCl, RbC1 04178 -62092
Ruthenium 1017 RuO, Ru 0 7607 88119
Scandium 441 Sc,04 Se 0 6476 81129
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Atomic Log
Element. W{?)llg';lt’ Known. Required. Factor. (Mantissa).
Selenium 792 Se Se0, 1-4040 -14737
Se SeO, 1 6060 -20576
Se0, Se0, 11439 05839
Tantalum 1815 Ta,0; Ta 08194 91351
: FeO Fe(TaOs), | 71667 85531
MnO Mn(TaO,), | 17 2457 86008
Tellurrum 127 5 Te TeO, 12510 09725
Te , ToOq 13765 13877
TeO, Te 0 7994 90275
TeO, TeO, 11003 04152
Thalllum . 204 0 Tl T1,0 10392 01671
TLO, Tl 0 8947 95170
T1,0, T1,0 09298 96841
TII Tl 06165 78991
T1,PtCl, Tl 0 5000 69900
T1,Cr0, Tl 07786 89133
T1,SnS, Tl 017677 88518
Thorium . 232-4 ThO, Th 08790 94398
Th(SO,), ThO, 0 6228 79436
Titanmum 481 T0, T 0 6005 71852
' T10, K,TiF, 30000 47712
Tungsten 184 0 w WO, 12609 10067
WO, W 07931 89933
FeWO, WO, 0 7636 88286
MnWO, WO, 07658 88414
CawWO, WO, 0 8054 90599
PbWO, WO, 0 5097 70729
FeO FeWO, 4 2293 62627
MnO MnWO, 4 2708 63051
CaO CaWo, 51377 71077
Uranium 238 2 Uo, U 0 8816 94526
U0, U,0, 10395 01682
U0, U0, 1 0592 02498
U,0, U 0 8481 92844
U,04 U0, 10190 00817
Na,U,0, U 0 7509 87561
Na,U,0, U,0, 0 8855 94717
Na,U,0, U0, 09023 95533
(U0,),P,0, U 0 6668 82398
(UO0,),P,0, U,0, 0 7862 89555
(UO0,),P,0, U0, 08011 -90370
| Vanadium 510 V,04 v 0 5604 74853
V,0, V,0, 0 8242 91602
AgVO, V,04 04399 64332
NH,VO, V,05 0171775 89071
Zirconium 90 6 Zr0O, Zr 0 7390 86864
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MELTING-POINTS.

After the proofs of this book had been completed, a Commercial
Report, dated 16th January 1919, was 1ssued by the U.S. Bureau of
Standards, giving the melting-points of elements according to the

most accurate determinations available.

THE ANALYSIS OF THE RARER ELEMENTS.

The data for the clements

here discussed are reproduced below ; the melting-points of rarc-earth
metals other than those shown in this table have not yet been

determined.
Farst Group Fourth Group.
Lithium 186° Titanmum 1800°
Rubidium 38° Zircontum 1700° ?
Cesium 26° Thorium >1700° <Mo
Germanium 958°
Second Group Fifth Group
Beryllium 1280° | Vanadium 1720°
Radium 700° Columbium 1700° *?
Tantalum 2900°
Thard Group Suth Group
Gall 300 Selenium 217°-220°
I:dlll:lm 1 "i"’ Tollurum 452°
Thall m 3')’;0 Molybdenum 2550°
halhum 02 Tungsten 3400°
Uranium <1850°
Rare-Earth Group FErghth Group
Cerium 640° Ruthenium 2450° ?
Lanthanum 810°? Rhodium 1950°
Praseodymium 940° Palladium 1549°
Neodymium 840° % | Osmium 2700° ?
Samarium 1300°-1400° | Imdium 2350° ?
Yttrium 1490° Platinum 1755°
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A¥®SCHYNITE, 129
Allanite, 69
Altaite, 152
Amblygonite, 36
Anataso, 89
Anncrodite, 129,
Ardenmite, 115
Argyrodite, 112,
Autunite, 183

BADDELEYITE, 99.
Bastnasite, 69,
Beckelite, 69
Bertrandite, 47
Beryl, 47
Berylonite, 48,
Boerzehante, 144
Blomstrandime, 129
Brackebuschite, 116,
Bravoite, 115
Brazlite, 99
Broggonte, 183
Brookite, 89

(‘ALAVERITE, 152
Calciothorite, 105,
Canfieldite, 112,
Carnotate, 116
Cente, 69
Chaleomenite, 144
Chrysoberyl, 48
Clansthalite, 143,
Cloveite, 183.
Coloradmte, 152
Columnte, 129
Copper uranite, 183,
Cordylhite, 69
Crookesite, 62
Cuproscheclite, 170

DANALITE, 48,
Delorensite, 69,
Desclorzite, 116,

LTucLask, 47,

Eucrasite, 105
Eudialyte, 100,
Euxemte, 129,

FERBERITE, 170
Fergamte, 116.
Fergusonute, 129,

MINERALS.

Ferrotantahte, 137.
“renzelite, 144
‘reyahite, 105

YADOLINITE, 69,
craphie tellunum, 152,
(uanajuatite, 144
Guanmte, 90,
CGummute, 183.

Hainrre, 100
Hambergite, 48,
Hellandite, 69
Helvite, 18
Herdente, 48
Hessite, 152
Hubnente, 170
Hutchisonite, 62

TLveNiTE, 89

Tndosmime, see Osmiridium,

Tserine, 89
Krmuavre, 69,

LANTHANITE, 69
Launte, 197
Lavemte, 100
Lepdohte, 36
Teucophamte, 48
Lichinte, 183
Tame uranite, 183
Lathiophylite, 36
Lorandite, 62

MACKINTOSHITE, 105
Manganotantahite, 137,
Meliphamte, 48
Menaccamnite, 89,
Microhte, 137
Molyhdente, 159.
Molybdine, 159.
Monante, 105.
Mottramite, 116

Nrqrte, 100.
Nagyaaite, 152
Naumanmte, 143

OCTAHEDRITE, 89,
Orangite, 105,
Orthite, 69
Osmuridium, 211,
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PALLADIUM, 205.
Pansite, 68.
Patronite, 115.
Perofskite, 90.
Potalite, 36

Petzite, 152,
Phenacite, 47.
Phosphuranylite, 183
Pilbanite, 105
Pitchblonde, 183
Platininndium, 217.
Platinum, 222,
Pollucite (Pollux), 44
Polycrase, 129
Powellite, 159.
Prionte, 129.
Pseudobiookite, 89
Pucherite, 116
Pyrophanite, 90

REINITE, 170
Rhodium-gold, 202
Rhodisite, 42
Rizopatronite, 115
Roscoelite, 115
Rosenbuschite, 100
Rowlandite, 69
Rutherfordine, 183
Rutile, 89

SAMARSKITE, 129
Scheelite, 170
Selen-sulphur, 144
Selen-tellurium, 152
Sperrvlite, 222
Sphene, 90.
Spodumene, 36
Stibiotantalite, 137.
Stolate, 170
Sulvanite, 115
Sylvanite, 152

TANTALITE, 137
Tellurite, 152,
Tellurium, 152
Tetradymite, 152,
Thalenite, 69
Thorianite, 104.

Thorite, 105,
Thorogummite, 183,
Thortveitito, 54
Tiemannite, 144,
Titanito, 90.
Torbermte, 183.
Trimenite, 47.
Triphyhte, 36
Trogerito, 184.
Tungstic ochre, 170
Turanite, 116

UnLIGITE, 99
Uranic ochre, 184
Uraninite, 182.
Uranite, 183
Uranocircito, 183
Uranoniobite, 183
Uranophane, 183
Uranosphaente, 184
Uranospinite, 183
Uranothallite, 183

VANADINITE, 116
Volboithite, 116

Vorobyevite, 44

Vrbaite, 62

WALPURGITE, 184.
Witkite, 54

Wolfram (Wolframite), 170

W ultenite, 159
XeNoTiME, 70, 105

YTTRIALITE, 69

Y ttrocerite, 70
Yttrocrasite, 69

Y ttrofluonte, 70

Y ttrocummte, 183,
Yttrotantalite, 137,
Yttrotitanite, 69

ZEUNLRITE, 183
Zmnwaldite, 36
Zippette, 184,
Zarcon, 100
Zarkehte, 99.
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ARrgoNn, 193.

BrrYLLIUM from—
Aluminium, 49
Cermum metals, 50
Iron, alumimum, titanium, 49
Uramum, 185
Yttrium metals, 50
Zirconium, 49

CzsivM from—
Lathium, 38
Rubidium, potassium, 45
Sodium, 45

CERIUM from---
Ammonia group, 71
Other raro carths, 71
Thorium, 106

CERIUM METALS from—
Ammona group, 71
Berylhium, 50
Each other, 81
Scandium, 55
Teorbium metals, 85
Thorium, 106
Yttrium meotals, 80
Zirconium, 101

CorumBruM from—
Antimony, 130
Silica, 131,
Tantalum, 132
Tin, 131
Titanium, 131
Tungsten, 130
Zirconium, 132

GarLivMm from—
Cadmium, lead, bismuth,
chromium, 58
Hydrogen sulphide group, 58
Iron, cobalt, zinc, nickel, manganese,
cadmium, thalhum, alkaline earths,
alkahes, 58.
Silver, 58
Thallium, 65.
Zarcommum, titanium, mmdium, 58,
GERMANIUM from—
Ammona group, 112.
Arsenic, 113,
Arsenic, antimony, tin, 113,
GLUCINUM, see BERYLLIUM.

alumimium,

HeriomM, 193,
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INpIUM from—
Ammoma group, 61.
Gallium, 58
Hydrogen sulphide group, 61.

Irmpium from—
Gold, 219
Osmium, 212, 214
Palladium, 208
Platinum, 219
Rhodium, 204,
Ruthenium, 199.
Silver, 219

LaNTHANUM from didymium, 85,
Litnrum from—
Alkalies, 38
Alkalino earths, 38
Aluminium, 37
Potassium, 39
Potassium, sodium, 38

MoLyBDENUM from—
Ammoma group, 160
Antimony, 161
Arsenic, phosphorus, 161
Tron, 160
Sulphur, 160
Tin, 162
Titanium, 93
Tungsten, 162
Vanadium, 118.

NioBIuM, see Columbium

Osmium from—
All other metals, 212.
Indium, 213
Platinum, iridium, ruthenium, rhodium,
214
Ruthenium, 199

PaLLapIUM from—
Copper, 206.
Gold, 208
Indium, 208.
Lead, 207.
Osmium, 212,
Platinum, 208.
Platinum metals, 209.
Rhodium, 204.
Ruthenium, 199.
Silver, 207.
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Pratiyum from—
Base metals, 223
Gold, 224,

Indium, 219,

Lead, 223

Lead, bismuth, copper, cadnuum, 223.
Osnuum, 212

Palladium, 208, 209

Rhodium, 204

Ruthemum, 200,

Silver, 223

Raptum trom—
Barium, 52
Other metals, 52,

Ruobvivm from—
Gold, 203
Indiam, 204,
Lead, 203.
Osmium, 212, 214,
Palladium, 204
Platinum, 204
Ruthemum, 198
Silver, 203

Rusmivm from—
Ceesium, 45
Other metals, 42,
Potassium, 42

RurneNtuy from—
Gold, 198
Indium, 199,
Osmium, 199,
Palladium, 199
Platinum, 200.
Rhodium, 198,
Silver, 198

Scanpium from—
Cortum metals, 55
Thorium, 55
Yttrium metals, 55
SeLENTUM from—
Ammona group, alkalime carths, 146
Arsenie, antimony, tin, 1435,
Bismuth, 146
Coppor, 146
Gold, 145
Load, copper, alkaline carths, 145.
Mercury, 146
Non-volatilo clements, 146
Silver, 145
Sulphur, 140
Tollurium, 146

Tantarnum from—
Antimony, 130
Columbium, 132.
Silica, 131
Tm, 131
Titanium, 131,
Tungsten, 130
Zirconium, 132

TeLLurIUM from-—
Ammonia group, alkaline earths, 146,
Antimony, 1563

TELI t RIUM from—
Arsemc, tin, 146
Bismuth, 154
Copper, 146
(old, 153
Lead, 154.
Mercury, 154
Non-volatile clements, 146
Selenium, 146
Silver, 153
Sulphui, 146
TERBIUM METALS from—
Cernum metals, 85
Yttrium metals, 85
THALLIUM from—
Cadmium, 64
Cobalt, mckel, zinc, manganese, 64
Copper, 64
Galhum, 65
Iron, aluminium, chiomimum, cobalt,
nichel,  zmc,  mangancse, alkaline
earths, alkalies, 64
Load, 64
Lead, bismuth, copper, arsenic, anti-
mony, tin, 64
Mereury, cadmium, 64
Silver, 04
Taorrum from—
Cerrum, 106
Common metals, 106
Rare earths, 106
Scandium, 55
Titanium, 93
Zucontum, 102
Trraniom from—
Alumimium, 93
Beryllium, 91
Columbium, tantalum, 131
Gallilum, 58
Iron, nickel, cobalt, zinc, manganese,
uranium, 91
Phosphorus,  tungsten, molybdenum,
vanadium, chromium, 93
Thotium, 93
Tungsten, 172
Uhanium, 185
Zarconium, 92
TunNasTEN from—
Aluminium, 172.
Antimony, 172, 174
Arsenice, phosphorus, 173
Chromuum, 173
Columbium, tantalum, 130, 172
Columbium, tantalum, tin, titanium,
silicon, 172
Molybdenum, 162, 173
Molybdenum, arsenic, antimony, tin,
vanadium, 173,
Silver, 174
Titanium, 172
Vanadium, 118, 173

UraNIUM from—
Aluminium, 186.
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UraniuvMm from—
Arsenic, phosphorus, 186
Berylhum, 185
Hydrogen sulphmde group, 185.
Iron, titanium, cobalt, zinc, manganese,

nickel, alkaline earths, 185.

Lead, 185
Rare carths, 185.
Titanium, 185,
Vanadium, 186.
Zarconium, 186.

Vanaproum from—
Alkaline earths, 118.
Arsenic, tungsten, molybdenum, 118,
Chromium, 118
Hydrogen sulphide group, 117.
Molybdenum, 118
Phosphorus, 119
Silica, 119
Titanium, 118.
Tungsten, 118
Uranium, 118
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VaNADIUM from—
Uramium, aluminium, chromium, nickel,
cobalt, manganese, zinc, 118,

YTTRIUM METALS from—

Beryllium, 50

Cerium metals, 80.
Each other, 81
Scandium, 55
Terbium metals, 85
Thorium, 106
Uranium, 185

ZircoNIUM from—
Alumimum, 101
Berylllum, 49
Columbium, tantalum, 132,
Gallium, 58
Iron, nickel, cobalt, manganese, zinc

uranium, 101
Rare earths, 1ron, 101,
Thortum, 102
Titanium, 92
Uranium, 186
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