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Foreword

The writer has had the ple.sure of reviewiug
the extensive information presented herein on the
subject of solvents. This information is bound to
be of very great value to all chemists having to do
with the use of solvents. It is well prepared and is

presented in a logical form.

A. W. Van leuckeroth

Institute of Paint and Varnish Rescarch

Washington, D. C.






Preface

To realize the remarkable growth of the solvent industry, one need
only look back twenty-five years, and compare the very few solvents then
in commercial use with the present gigantic industrial development of over
a hundred different solvents. ‘I'he annual production of about 1,600,000,000
pounds of solvents in the United States alone testifies eloquently to the
mounting importance of solvents in every industry. The lacquer industry
stands first in solvent consumption, but its supremacy is endangered by
the new types of coating materials which are made from synthetic resins.

The extensive data on solvents, which have been accumulating for years
and have heretofore been unavailable in comprehensive form, have been
sifted and correlated into a coherent whole, The large number of graphs
and tables has been assembled with the object of affording the user an
efficient and rapid means of obtaining specific and comparative information.

Although the data in this book have been carefully sclected from reli-
able sources, there are occasional differences in the values of physical con-
stants. These discrepancies are unavoidable, since the recorded values are
influenced both by the human equation of the scientific investigator, and
by variations in purity of the materials under examination.

It is necessary to point out that although some of the solvents con-
sidered in this book arc produced only on a moderate scale or arc under-
going development at the present time, these are nevertheless finding wider
application cvery day; and it is entirely possible that some unknown or
unheralded solvent may one day bring about far-rcaching changes in the
industries.

In conclusion the author wishes to express his appreciation and thanks

for permission to use data or illustrations supplied by

Advance Solvents and Chemicals Corporation New York, N. Y.
American British Chemical Supplies Company New York, N. Y.
American Cyanamid & Chemical Corporation New York, N. Y.

Atlantic Refining Company Philadelphia, Pa.
Atlas Powder Company Wilmington, Del.
Rakelite Corporation New York, N. Y.
The Barrett Company New York, N. Y.
Carbide and Carbon Chemicals Corporation  New York, N. Y.
Celanese Rescarch Association Sifver Spring, Md.
Commercial Solvents Corporation New York, N. Y.
Dow Chemical Company Midland, Michigan
Eastman Kodak Company Rochester, N. Y.
IE. I. Du Pont de Nemours & Company, Inc.  Wilmington, Del.
Franco American Chemical Works New York, N. Y.
The Halowax Corporation New York, N. Y.
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Hercules Powder Company
Howards and Sons, Ltd.

General Naval Stores Co., Inc.
Kanotex Refining Company

The Kessler Chemicals Corporation
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Neville Company
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Ohio Apex, Inc.

Modern Plastics

Sharples Solvents Corporation
Shell Chemical Company
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Chapter 1
Solution, Theories and Aggregates

Solution

Solution is everywhere: in the gaseous, the liquid, and the solid state.
The air we breathe is a gaseous solution of nitrogen, oxygen, argon, car-
bon dioxide, water vapor, and so forth. The oceans are gigantic liquid
solutions made up of chlorides, carbonates, and sulfates of sodium, mag-
nesium, calcium, etc. They actually contain about 32 of the known ele-
ments, and in every 1000 parts of ocean there are 27 parts of sodium
chloride. The water we use every day is a dilute solution of sodium,
calcium and magnesium carbonates, sulfates and nitrates, dissolved
ammonia, and carbon dioxide. The earth’s crust consists of thousands of
cubic miles of solid solutions. Whole mountain ranges, great hills and
uplands of granite rock are solutions of metal, silicon and oxygen: lime-
stone peaks, chalk downs and beautiful marble are solutions of calcium, car-
bon and oxygen.

There are two phases to every solution: the solvent and the solute.
The solvent, usually thought of in terms of a liquid, is the substance in
which the solute, the dissolved material, is uniformly distributed in such
a fine state of division that the particles cannot be seen and do not separate
out on standing.

Theories

It is interesting to contrast the theory of Barr and Bircumshaw ! with
the one presented by Byron.'® The former claim that the solution of nitro-
cellulose in a mixture of alcohol and ether is explained by the fact that
alcohol in the presence of ether polymerizes and is then a solvent for nitro-
cellulose. Byron is of the opinion that alcohol is not polymerized but is
dissociated, and that ether in this case aids in this dissociation. It is
Esselen’s 2 theory that the increased solvent action of a mixture of chloro-
form and alcohol for cellulose acctate is due to the adsorption of the
hydroxyl groups within the cotton molecule which leaves the acetate
groups covered with alcohol groups. In the opinion of Mardles,® solvent
liquids are attracted to cellulose esters and form complexces with them.
McBain * agrees with Mardles in respect to these complexes but goes
further in pointing out the fact that, in the solution of cellulose esters in a
mixture of solvents, different solvent molecules are attracted to different
portions of the solute.
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Aggregates

Atoms are made up of aggregates of electrons and protons, units of
negative and positive electricity. The number and groupings of these
atoms determine the nature of the element. Matter is made up of atomic
and molecular aggregates, and its character is governed by the arrange-
ment and number of these. To take polymerized acetone as an example,
it can be said to contain aggregate acetone molecules, atomic aggregates,
and electron-proton aggregates or, graphically, there are aggregates of
aggregates of aggregates. Molecular aggregates are formed by groups of
atoms and molecules which attract each other and hold together by borrow-
ing and lending electrons, which are internal electrical forces called
secondary valences. These structures are conveniently called “molecular
aggregates” and serve as the structural unit for the theory of solvent action.

Postulates

1. A liquid may or may not form molecular aggregates. Any liquid
which dissolves and ionizes holds greater possibilities in forming aggre-
gates. This is explained by the fact that the dissociated groups are
attracted to each other and are held together by the passage of one or
more electrons from one atom to another. These are known as polar com-
pounds. If a substance is a non-polar compound, there is little or no dis-
sociation and therefore aggregates are formed in lesser quantities, These
aggregate groups are held together by electrostatic union, that is, a union
of two or more groups established by sharing in common one or more
pairs of electrons. According to Turner,® the tendency to aggregation in
organic compounds is due to the presence of certain clectro-negative groups.
For example:

Alcohols " CSNH—Thioamides
Phenols CSOH—Thioacids
CONH <2rmdes NHz—Pfimary Amines
nilides NO—Nitrocompounds
COOH—Carboxylic Acids CHO—Aldehydes
NOH—Oximes CO—XKetones
CN—Nitriles CS—Sulfhydryls

SH—Mercaptans

The influence of these groups decreases in the order given. Factors
which govern molecular aggregate formation are the mass, its structure,
and the groupings in a molecule. The tendency which leads to molecular
aggregation decreases with an increase in molecular weight within the
homologous series.

2. A mixture of two or more liquids may or may not form one or
more molecular aggregates. When liquids are admixed there is often seen
an abnormal change in volume, notably a shrinkage in volume when water
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and ethyl alcohol are mixed together. This is explained by the fact that
molecular aggregates are formed. The evolution of heat or the adsorption
of it when solution takes place indicates aggregate groupings. This heat
exchange is the result of forces acting between or among the molecular
groups.

Changes in specific gravity are evidences of molecular aggregate for-
mations at different concentrations. These physical changes can be
observed when water is mixed with either ethyl alcohol, propyl alcohol,
formic, acetic or propionic acids, or acetone. Turner 3 has observed maxi-
mum deviations in volume when the following are mixed in the propor-
tions of one molecular weight of ether to one of alcohol; two of benzene
to one of ether; and one of ether to two of chloroform.

3. A liquid plus a solid may or may not form one or more molecular
aggregates, Turner declares that substances containing the following
groups produce the most abnormal results in the order given: hydroxyl,
carboxyl, amino, aldo, cyano, ester, nitro, iodide, bromide, and chloride.
Worden ¢ records certain types of cellulosc ethers which are insoluble in
both hot and cold water. When water is cooled below the freezing point
and permitted gradually to thaw, the liquefied water will then dissolve
the cellulose ether. This clearly shows that proper conditions have been
brought about for the rearrangement of the molecules into such groupings
which exhibit solvency for the particular type of cellulose ether. We can
go further and say that liquids which under ordinary conditions exhibit
little or no solvent power can be altered by admixture with other solvents
or changed by physical means, thus bringing about the formation of molec-
ular groupings which possess specific solvent power,

Armstrong 7 attempted to explain the phenomena of water aggregates
by simple molecules, chain and ring formations:

gt
Active Forms 110 HHOH
\H

Inactive Forms 11,0 : OH,, Hz()\—-— OH,, H,0 — OH,
/ .

(0]
H, H,0 — OH,

4. If we mix liquid 4 with liquid B and no molecular aggregates are
formed we say that the two liquids are insoluble in each other or they
are immiscible. If a small amount of 4 is taken up by B then the molecu-
lar aggregates formed are of the type which contains many whole or part
molecules of B to few of 4. The structure can be calculated from the
size of the molecule, number per cubic centimeters and the degree of solu-
bility. This assumption is true if only one type of molecular aggregate
is formed.

But how can we determine if one or more aggregates are formed?
This is possible by x-ray diffraction patterns. It is known that liquids of
different chemical composition have different diffraction patterns, It has
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also been shown that two liquids which are completely miscible show a
diffraction pattern different from that of either of the constituents. In the
case of two liquids which are not miscible at room temperature, they show
individual diffraction patterns.

5. If a larger amount of A is taken up by B, then the ratio between
the 4 and B molecules in the aggregate is smaller, and the possibility of
forming more than one type of molecular aggregate is greater.

6. Solubility is the formation of molecular aggregates. The degree
of solubility will depend upon the type or types and number of molecular
aggregates that are formed. Temperature exerts its influence on the type
and number of formed aggregates which in turn govern the degree of
solubility. For example, if a small quantity of alcohol is taken up by ben-
zene, from a dilute alcoholic solution, the molecular aggregates produced
contain many benzene molecules to few alcohol molecules and the number
of different resulting aggregates is few. In the case of alcohol and water
where there are many types of molecular aggregates formed, the ratio
between the alcohol and water molecules and the dissociated groups in the
aggregates is of a simple arithmetic relationship.

7. Miscibility, like solubility, depends upon the internal electrical
attraction of atoms, molecules, or groups of these, with the formation of
molecular aggregates. Complete miscibility means that all the molecules
of the different liquids form one or more groups of molecular aggregates.
Molecules of liquids that repel each other with an electrical force will not
mix or dissolve and are called immiscible liquids. If a mixture contains
three or four liquids, the possibility of forming one or more molecular
aggregates is consequently greater. Mixed solvents behave like more com-
plex solvents of the ester or alcohol-ether type. In the former, the groups
are held together by secondary valences and in the latter, the groups are
held together more firmly by primary valences.

Meyer 8 has found that the ionization diffraction curves of two organic
solutions change with the concentration. When short-wave radiations were
used on mixtures of normal butyl alcohol with orthodiethyl-cyclohexane
the diffraction peaks shifted from the peak of one member to the peak of
the other as the concentration changed from 100 per cent of one member
to 100 per cent of the other and the width of the peak varied in the same
manner. It has been shown by a number of workers that the diffraction
curves and peaks indicate groupings of the molecules and the spacing is
governed by the constituent parts. These spacings can actually be approxi-
mated by Bragg’s law.

8. A case where large molecular aggregates are formed: If a small
amount of A is added to B, the molecular aggregates formed contain
many B molecules to few of 4 molecules. This condition results in fewer
molecular groups per volume with a corresponding rise in both the freezing
point and the vapor pressure temperature. This assumption is verified by
the experiments of Wright® who has discovered that the addition of a
large amount of alcohol to benzene forms alcohol-benzene complexes which
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bring about a lowering of the freezing point. This condition is the result
of the formation of alcohol, alcohol-benzene, and benzene aggregates, If
water is added to this mixture, water-alcohol aggregates are formed. This
is explained by the fact that the water and alcohol molecules have greater
attraction for each other than do the alcohol and benzene molecules. Thus,
in this mixture, most of the benzene molecules are set free from the alco-
hol-benzene groups. The liberated benzene contains a small amount of
benzene-alcohol aggregates which causes a rise in the freezing point of
the liberated benzene. Wright’s experiments reveal the fact that when
a solute, which is more soluble in alcohol, is added to a binary mixture of
alcohol and benzene (50%-50%) there is, at first, a rise in the freezing
point. Upon adding more of this solute, a depression of the freezing
point is brought about. When a solute more soluble in benzene is added
to this same mixture a lowering of the freezing point is obtained. Solutes
which produce a rise in the freezing point form molecular aggregates
which contain large numbers of molecules. Thus, a condition is created
in which we have fewer molecular aggregate groups per given volume. In
higher concentrations the molecular aggregates are broken down into
smaller groups which produce a larger number of molecular aggregate
groups per given volume and this consequently produces a lowering of
the freezing point. When solutes are added which are more soluble in
benzene than in alcohol, many small molecular aggregates are formed
which increase the number of groups per given volume and thereby bring
about a depression of the freezing point.  Ifollowing this line of thought,
we can mix specific solvents in given proportions to form molecular aggre-
gates in which there are no free molecules of the individual solvents. Such
mixtures should possess a constant freezing or boiling point and should
exhibit diffraction patterns peculiar to their type. Going further, if an
excess of one solvent is added to this constant boiling point mixture, the
state of equilibrium is upset and we no longer have the condition of
constancy.

In another experiment, Wright added a small amount of water to an
alcohol-benzene mixture (50%-50%) until the solution became turbid.
The addition of sodium chloride to this turbid mixture caused it to become
clear. According to the theory of molecular aggregates, the alcohol mole-
cules in the alcohol-benzene group have a greater attraction for the water
molecules than they have for the benzene molecules; they therefore leave
the benzene and unite with the water. The liberated benzene is dispersed
in this mixture and causes it to become turbid. With the addition of
sodium chloride we introduce a substance which possesses greater internal
electrical attraction for the water molecules and therefore pulls them away
from the alcohol and finally unites with them. The liberated alcohol and
the previously liberated benzene are now free to attract each other and
form molecular aggregates with the consequent clearing of the solution.

9. The attraction between or among the appropriate groups of solute
and solvent results in solution.
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10. Where mixed solvents are concerned the increase in the number
of different solvent groups increases the number of solvent-solute aggre-
gates; this results in increased solubility.

11, If, in place of attraction there is repulsion, the condition of insolu-
bility or inmiscibility or precipitation is produced.

12, Brown and Bogin 1° have pointed out that the boiling point of a
liquid has no relation to its volatility. It therefore bears the assumption
that the boiling point is the temperature at which the vapor pressure of
molecular aggregates is cqual to the atmospheric pressure. On the other
hand, volatility depends upon the type of molecular aggregates which are
present. These men have also found that though there is only 2° C. dif-
ference in boiling points between toluene and isobutyl alcohol, the former
will evaporate almost three times as rapidly as the latter. Another exam-
ple is that of xylene and normal amyl acetate which boil at practically
the same temperature; but the hydrocarbon evaporates 1.25 times as rap-
idly as the ester. Butanol boils 22 degrees below xylene but it evaporates
only about 80 per cent as rapidly. These differences in evaporation are
owing to molecular aggregation and are governed by the force of the
internal attractions or secondary valences. ‘I'hese workers state that vapor
pressure curves arc a more accurate means of solvent evaluation than
is a study of boiling points, but that they are of assistance only insofar
as they lead to a better understanding of the principles governing evapo-
ration; and that “the only sectors of vapor pressure curves that are of
practical interest are thosc temperature ranges that represent normal
room conditions.” ‘T'wo solvents with identical vapor pressures will
evaporate at different rates at a given temperature unless their molecules
are of the same weight and their latent heats of evaporation are identi-
cal.  The solvent with the_greater molecular weight will evaporate more
dpully Trom the above we can conclude that the Tatent heat of evapora-
fion' s the energy (heat) nceded to break the ecumd"ny attraction honds
in the molecular aggregate and to supply the energy in the newly formed
aggregates.

Mixtures of solvents may form binary, ternary, quaternary, or polynary
vapor pressure mixtures of a complex nature. A state of equilibrium
is never rcached except for that state of equilibrium which exists at a
given temperature. This is accounted for by the fact that as evaporation
goes on, energy (heat) is consumed and there is a constant lowering of
temperature. For example, the rate of evaporation of a mixture of 30 per
cent benzene and 70 per cent ethyl alcohol, at room temperature, is about
25 per cent more rapid than the rate derived from the formula for the
evaporation of the “perfect mixture.”

In constant-boiling mixtures there is a predominance of one type of
molecular aggregate, and the ratio between the constituent parts in the
aggregate always remains the same during the process of evaporation.
The lacquer imperfections, for example, cotton blush, gum blush, improper
drying rate, orange peel, poor flow, water blush and so forth, are believed
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Comrtesv Standard Oil Co. o California.
Prare 1. A Modern Plant for Solvent Recovery.

in the industry to be due to the improper balance of the evaporation rates
of the solvents and diluents. These imperfections are in reality due to
the formation of undesirable molecular aggregates possessing non-solvent
qualities.

The rescarches of Jean-Jacques Trillat 11 dealing with the change of
lattice structure of nitrocellulose prove the presence of crystalline aggre-
gates made up of nitrocellulose (12.9% nitrogen) and acetone. The pres-
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ence of these compounds has also been confirmed by means of x-ray spec-
trography. With this new scientific instrument, it is possible to see the
formation of more than one crystalline compound when an acetone solu-
tion of nitrocellulose is going through the process of drying. Similar com-
pounds are formed when ethyl acetate is used in place of acetone with
corresponding variations in the lattice structure. When dissolvents with
less solvent power are used, these phenomena become less clear and almost
disappear. Lattice pictures of cellulose show secondary valences as feeble
linkage forces and the glucose groupings in the cellulose are bound together
by primary valences. Recent work shows that molecular aggregates are
formed by the union of cellulose ester, solvent, and plasticizing molecules.
It has been shown that the structure of regenerated cellulose ester films
varies with the ester, solvent and plasticizer used. This is in accordance
with the theory of the formation of molecular aggregates. Further, as a
solvent leaves, by evaporation, a molecular grouping, the remaining con-
stituent parts exert their individual force which results in new groupings
with different lattice structure. Lacquer films are structurally made up
of cellulose molecules randomly oriented with resin and plasticizer which
fill in the interstices. This film structure has been formed by energy
breaking the solvent bond and leaving the resin-cellulose plasticizer
aggregate.

Cellulose is made up of hexose groups linked together by oxygen
bridges. The chain, comprised of bundles, is linked together by sec-
ondary-valence forces. X-ray measurements confirm the general belief
that cellulose is built up of parallel chains of “glucose residues” linked
by oxygen atoms.

('m
(IDH Ol OH
|
CH,—0 <‘n-én
N s N N s
CH--0—CH /CH --0--CH CH- -0-—-CH
(1*,11 v?n (|)I{——()
OH OH CH,
on

In nitrating cellulose the hydroxyl groups (OH) are attacked and
nitrocellulose is formed. When this substance is dissolved in a solvent,
molecular groups in chain formation are formed. The length of the chain
depends upon the concentration and dissolvent power of the solvent or
solvents. Dilute solutions and good solvents yield small chains free to
move about in the solvent phase of the solution. Extremely dilute solu-
tions contain the solute subdivided into individual molecules. These
chains form molecular aggregates with the solvent, resin and plasticizer,
with the provision, of course, that these are of the right type.
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Baker 12 helieves that the decrease in viscosity of an ether-alcohol solu-
tion of collodion is caused by the formation of an ether-alcohol complex
and that this complex is responsible for the solvent action of nitrocellu-
lose. Byron 13 has discovered that pyroxylin is not peptized by anhydrous
cther but by absolute alcohol at low temperatures which permits his assump-
tion that when alcohol is added to ether it becomes polymerized and is
the causative agent in the solution of pyroxylin.

Polar and Non-Polar Compounds

Water is not by any means the only solvent which has clectrical con-
ducting properties owing to the dissociation of dissolvent substances.
Liquid ammonia, liquid sulfur dioxide, and liquefied hydrocyanic gas pos-
sess this property in the same degree as water. Many organic solvents
like alcohols, acids, aldehydes, nitriles, amines and so forth, exhibit this
conductivity. These substances are chemically active and are referred to
as “polar solvents.” Compounds which are comparatively inert, such as
the hydrocarbons and their derivatives, e. g., benzene, gasoline, kerosenc,
chloroform and carbon disulfide, are classified as non-polar compounds.
Drummond * groups solvents as polar and non-polar by their high or
low diclectric constants. Solvents like alcohols and ketones, which _con-
tain hydroxyl or carbonyl groups, have high diclectric constants and this
is evidence of strong polarity. Those of low diclectric constants, like the
aliphatic and aromatic hydrocarhons, arc classified as_non-polar_solvents.
S—r‘)%/éths il forming molecular aggregates, cither within themselves or
in combination with other solvents or solutes, exert polar action which is
caused either by the dissociated solute or by the molecular aggregate
formed. Rule and Mitchell ¥* have found that “polar groups” exert an
influence on the neighboring molecules which leads to changes in rotatory
power. Rule and Mcl.ean ¥* are of the opinion that the non-polarity of
some solvents may be owing to the symmetrical arrangement of the sub-
stituent dipoles. Some molecules exhibit non-polar properties with ref-
erence to a uniform external field. They may exert, however, a definite
force on a point charge or dipole in their immediate necighborhood. In
the carbon disulfide molecule the two oriented dipoles are so close to
cach other S=C**=S that the field exerted by one, at a necar-by point,
is almost completely neutralized by the other. The polar properties of this
compound, if they exist, will he extremely weak. In paradichloroben-
zene, the C — CI poles are scparated by two carbon atoms and therefore
function individually.
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Courtesy Standard Oil Co of Culiforma.

PraTE 2. Another View of a Solvent Recovery Plant.

Paradichlorobenzene displays stronger polarity than does the mono-
substituted product. Highfield 18 is of the opinion that the polarity of
nitrocellulose is duc to the presence of the strong hydroxyl polar groups
and the weak polar hydrocarbon groups. It is also his belief that there
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is a relationship between the hydroxyl content of nitrocellulose and its
solubility in a solvent mixture containing a number of hydroxyl groups.

Dilution Ratio

A solution of nitrocellulose containing an active solvent will tolerate
a definite quantity of non-solvent, and the maximum amount is called
the critical point. A further addition of non-solvent will cause precipita-
tion, or gelling, of the nitrocellulose. The aggregates which are formed
between the solvent and the cotton derivative have some secondary-valence
forces available for other substances, among which are non-solvents.
Some of these added substances will naturally have greater attraction for
the solvent molecule or aggregate than has the cotton. If an amount of
a non-solvent, like benzene, is added just short of the critical point, it
attaches itself to the solvent or solvent-cotton aggregate and is held there
by secondary-valence forces. This addition of bénzene produces no visible
change. If, however, an additional amount of non-solvent is added which
will make the volume greater than that which can be tolerated, precipi-
tation will take place. This precipitation of nitrocellulose is owing to
the fact that the added non-solvent benzene has a greater attraction for
the aggregate than have the molecules of the cotton derivative. This
greater attraction ruptures the sccondary-valence bonds between solvent and
cotton molecules and the benzene forms a new aggregate with the solvent.
The critical point, or limit of tolerance in a quantitative significance, is
called the “dilution ratio.” It is a useful index which expresses the num-
ber of cubic centimeters of non-solvent required to gel, or coagulate, some
of the “}-second nitrocellulose cotton” in 1 cubic centimeter of a solution
of definite concentration. Tactors influencing the results of dilution ratio
tests are the types of solvent or solvents used, the types of non-solvent or
non-solvents added, the type of nitrocellulose employed, the temperature
of testing solutions, and the concentration of the nitrocellulose solution.
Solutions of gums and resins in hydrocarhons or alcohols will tolerate only
a definite quantity of added non-solvent. Here, the amount of diluent
which can be added also depends upon the above-mentioned variables.
Dilution ratios can be empirically determined by the “dilution ratio
method.”

Dilution Ratio® = ya D.R.
Vn

Vd refers to volume of diluent
Vn refers to volume of solvent

D.R. corresponds to the solvent-power number of Mardles® which is
defined as the “volume of liquid (diluent) in cubic centimeters required
to begin precipitation from 1-cubic centimeter of a 5/100 concentration sol.”
Thus, the “solvent-power number” and the “dilution ratio” represent the
maximum quantity of a non-solvent or diluent which can be added to a
particular solution without producing undesirable effects. It does not,
however, tell us anything about other important factors of a good prac-
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tical lacquer, such as vapor pressure or rate of evaporation. Dilution
ratios are useful in the fabrication of a lacquer or varnish but are of
no assistance in making predictions about the balance of solvents, dilu-
ents, resins, cellulose derivatives, and plasticizers during the period
of drying.

Variation in Evaporation Rate

Liquids vary in their ratc of cvaporation. Naturally, in a mixture
of liquids, some will evaporate more rapidly than others. For exam-
ple, if the solvent constituent of a lacquer evaporates more rapidly than
the diluent, the limit of tolerance entertained by the residual mixture is
exceeded and gelling or precipitation occurs. As evaporation goes on
gigantic molecular reactions take place. Vast numbers of molecules change
places as the new aggregates arc formed. Some are replaced and some
are repelled, causing immiscibility, precipitation, blushing, or one or more
of the many lacquer faults. It follows that dilution ratios do not indi-
cate tolcrance during the change of solvent-non-solvent balance which
occurs during drying. In the theory of molecular aggregation, higher con-
centrations of cotton derivatives contain fewer sccondary-valence bonds.
Consequently, smaller amounts of diluent can be tolerated. This condition
occurs during film drying.

Hydroxyl-containing solvents show greater tolerance for toluene than
do the simpler esters. In the case of naphtha the condition is reversed.
There are, however, exceptions to this statement, among which are butyl
lactate and butyl “Cellosolve,” which have very high naphtha tolerance.
Simple esters will tolerate 50 to 100 per cent more naphtha than will such
materials as ethyl lactate, ethyl cther, ethylene glycol, diacetone alcohol,
and so forth. Ethers of glycols generally have higher dilution ratios than
do the butyl esters with respect to benzene, toluene, and xylene.

Solutions of nitrocellulose will tolerate larger quantities of non-solvents
than will solutions of cellulose acetate. The “solvent-power number” is
influenced by both the nature of the diluent and the mixing of two or
more solvents. Frequently, when two or more non-solvents are mixed,
they may exhibit the qualities of a good solvent. This is especially true
when one of the ingredients is an alcohol. The ether-alcohol solvent mix-
ture for collodion is an example with which we are most familiar.
Another example of acquired solubility is the mixing of butyl acetate with
amyl or ethyl alcohol for the less highly polymerized forms of glyceryl
phthalate resins. Some of the chlorinated hydrocarbons when mixed with
an alcohol will dissolve nitrocellulose. A mixture of benzene and alcohol
will dissolve nitrocellulose containing up to 11 per cent nitrogen. A tolu-
ene-ethyl alcohol solution of glyceryl phthalate resin will dissolve nitro-
cellulose. In many cases the solvent property of esters for resins and
nitrocellulose is increased by the addition of an alcohol. On the other
hand, when active solvents for cellulose esters are mixed with aliphatic
or aromatic hydrocarbons the solvent power of these active solvents is
decreased.
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These facts bring to light reasons why many of the old type solvents
have been valued for their impurities. For example, methyl acetone, made
from the distillation of wood, had particularly valuable solvent properties.
Actually, it is a mixed solvent which consists of methanol, acetone, esters
and higher ketones. This mixture has certain desirable properties not
obtained by any of its component ingredients when used separately. For
this reason the “synthetic methyl acetone” is made to simulate it. For
this same reason commercial grades of butyl and amyl acetate contain
85 per cent ester and the remaining portion is the corresponding alcohol.
Amyl acetate, containing its characteristic impurities when manufactured
from fusel oil, is also valued for its solvent properties. The recent syn-
thetic product is distinct from it because it lacks these impurities. This
synthetic product is made from the pentane fraction of gasoline by chlorina-
tion, and the chlorpentane is hydrolyzed to form amyl alcohol and finally
acetylized to thc acetate.

According to Reid,!” alcohols evaporate at a slower rate than their
corresponding esters of higher boiling points. This is due to strong
hydroxyl polar groups in the alcohol-containing aggregate. Non-solvents,
owing to the fact that they are so loosely held in aggregate groupings,
will leave the film, by evaporation, more rapidly than a solvent. Wilson
and Wright 1% are of the opinion that water dissolves hydroxylic com-
pounds, that benzene dissolves hydrocarbons, and that alcohols have the
intermediate position. They further believe that the solubility of com-
plex solutes in solvents is owing to the action of different groups in the
solvent.
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Chapter 2

Solvents, Latent Solvents, Non-Solvents

Solvent Power and Compatibility

The purpose of solvents is to convert substances into a form suitable
for a particular use. The importance of the role of solvents is brought
out most clearly by the fact that many substances exhibit their usefulness
when in solution. TLacquer solvents, for example, are selected to produce
homogeneous combinations and calculated to bring about desirable mechani-
cal properties. The physical properties of a fabricated solution can be
regulated at will by the proper choice of solvents, thus adapting them for
the most varied uses and methods of application.  Some of the more
important uses for solvents are in lacquers of all kinds, oils, paints, var-
nishes, polishes, fat extraction and dry cleaning. Many substances will
be discussed which may be said to he chemical curiosities, but, should the
demand for them arise, these rarities will blossom forth into commercial
commodities.

The innumerable possible applications of the cellulose derivatives had
lain dormant for many centuries. It was John Wesley Hyatt and his
classic celluloid invention which Drought to light the vast possibilities
of cellulose. Tt required only the recognition of amyl acetate as a desir-
able non-hygroscopic, high-boiling solvent to make men solvent-conscious.
The modern solvent industry is comparatively new. It was only yesterday,
so to speak, that the industrial solvents were comprised of only methyl
and ethyl alcohols, acetone, glycerol and aliphatic and aromatic hydrocar-
bons. The rapid growth and wide use of nitrocellulose created new
demands upon this industry. In the World War, the urgent need for
acetone was supplied by the development of a new fermentation process
for acetone. Butyl alcohol was produced as a hy-product and very little
use could be found for it. Huxley has said, “Keep a thing long enough
and you will find a use for it.” As the supply of butanol increased, the
activity among research workers was greatly accelerated with the ultimate
employment of butyl esters in food, flavoring, solvents and plasticizers.
The petroleum industry was impelled by the same fever of activity with
the subsequent conversion of butylenc, amylene, and hexylene, the olefin
fraction of cracked oils, to secondary alcohols like butyl, amyl, and hexyl
alcohols.  Other industries like the fermentation, petroleum, coal-tar and
synthetic organic chemical industri¢s are fully involved in a fevered com-
petition for supremacy by developing new and improved solvents.

14
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Solvents vary in their dissolving power so that the line of demarcation
between solvents, latent solvents and non-solvents cannot, with our present
knowledge, be clearly defined. Some of the factors which influence sol-
vency are atmospheric conditions, purity and molecular association. Molec-
ular aggregation is the explanation for increased, attenuated, or decreased
solvent power or, more concisely, eccentric solvency. Any substance that
will dissolve another is called a solvent. Thus, we may have a gas solu-
tion when a gas, a liquid or a solid is dissolved in a gas, or a liquid solu-
tion when any one of these is dissolved in a liquid, and similarly, a solid
solution when any one of them is dissolved in a solid.

In the opinion of Worden?® and others, solvents for cellulose cthers
and esters owe their solvent action to the presence of the ester, ketone
and cther groups. ‘The solubility of these solvents decreases with an
increase in molecular weight within a homologous series.  Tn accordance
with the theory that like dissolves like, Calvert 2 has found that solvent
power increases with the incrcase of the percentage of oxygen within
a homologous series of a solvent, within certain limits. This incrcased
solvency is also coupled with a simultancous decrease in its solubility for
unlike materials. In other words, oxveen contained in a ketone group
(R—=CO —=R) or ( = CO =), or in an ester group of organic acids
(R — CO — OR), is responsible for the strong solvent action for cellulose
esters.  Chemicals devoid of oxygen in the molecules and those which con-
tain it in the hydroxyl group of higher alcohols are poor or non-solvents.
Cellulose ethers, generally, are soluble in hydrocarbons and cellulose ace-
tate is soluble in chlorinated hydrocarbons. Other workers are of the
opinion that solvent power for nitrocellulose is associated with the — CO —
group found in esters, cthers, and ketones.  Alcohols, with the exception of
methyl and ethy! alcohols, do not dissolve nitrocellulose.  These alcohols do
not precipitate this cellulose ester as do the non-solvent hydrocarbons.
Sakurado and Kido? determined the solvent power of a number of sol-
vents and found them to be as follows: dimethyl acetone, > methyl
ethyl acetone, >acetyl cther, > acetyl ethyl ether, >acctyl propyl cther,
> pyridine, > acetyl amyl cther, > methvl formate, > acetyl aldehyde,
> cthyl carbonate, for nitrocellulose of 13.7 per cent nitrogen, > dimethyl
acetone, > methyl ethyl acetone, > pyridine, > acetyl ether, > acetyl
cthyl ether, > acetyl amyl ether, > acetyl methyl ether, > methyl formate,
> aniline, for 11.6 per cent nitrogen cellulose nitrate.

Pyroxylin solvents, when measured by their tolerance for diluents,
show abnormally high effectiveness, but frequently have little or no sol-
vent power for resins. Conversely, many substances which will not dis-
solve cellulose esters or ethers, ¢. g., toluene, xylene, and naphtha, are very
good solvents for resins such as ester gum, dammar, and so forth, Many
non-solvent liquids become active solvents when admixed with active or
inactive solvent liquids. FExamples of this are mixtures of ether-alcohol,
alcohol-benzene, alcohol-toluene, and cther-alcohol-butanol.  Often, such
mixtures have constant boiling point propertics which indicate the for-
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mation of molecular aggregates. Davidson * records the fact that the solu-
bilities of resins, oils, and gums in glycol ethers increase somewhat with
the rise in boiling point. The solubility also increases with an increase in
the oxygen content of the glycol radical.

Lacquer materials are not all compatible with each other. The cellu-
lose esters and ethers and some of the synthetic resins require for their
solubility solvents which have one or more of the following groups:
ketones, keto-alcohols, hydroxy-esters, or ethers. On the other hand,
gums and resins, such as dammar, kauri and manila, are soluble in hydro-
carbons and alcohols. Lacquer solvent combinations should, therefore,
contain dissolvent groups for all of the ingredients which are used to make
up a lacquer. There arc many instances where a combination of certain
solvent groups, such as carboxyl, carbonyl and hydroxyl, exerts a dissolv-
ing action which is much superior to that of the constituents separately.
Some examples of these are the ethyl alcohol-ethyl ether and ethyl alco-
hol-ethyl acetate combinations. Likewise, any substance possessing more
than one solvent group in its molecule exerts a solvent action superior to
that of a solvent containing only one group. It is a known fact that
monocthyl ether of glycol and ethyl lactate, which represent two-type sol-
vents, are powerful dissolving agents. Other binary combinations are
ester-alcohol, ether-alcohol, ketone-alcohol, cster-ether and so forth. Diace-
tone alcohol contains both a ketonic group and an alcoholic group and is
a powerful solvent for nitrocellulose and ester gum. In making a solution
containing hoth of these substances, they must he dissolved separately.
When these solutions are mixed a haze results which persists cven in the
dry film. This fault can be overcome by the addition of a high hoiling
solvent like Hexalin or ethyl lactate which contains an ester group and a
hydroxyl group. Ethyl lactate is a good solvent {or hoth nitrocellulose
and the alcohol-soluble resins like shellac and kauri gum. When solu-
tions of nitrocellulose and alcohol-soluble gums are each separately dis-
solved in ethyl lactate and then mixed together, a cloudy solution results.
This objectionable haze can be corrected by the addition of butanol. Butyl
acetate is another solvent for both nitrocellulose and alcohol-soluble resins.
The ether-alcohol odorless type of solvent comprising methyl, ethyl and
butyl ethers of ethylene and diethylene glycol are high-hoiling, power{ul
solvents for nitrocellulose.

According to Wilson,® some of the more commonly used solvents arc
as follows :* ethyl acetate, butyl acetate, fusel oil acetate, butyl propionate,
synthetic amyl acetate from pentane, and “Cellosolve” compounds. In the
field of low-boilers, ethyl acetate is in a class by itself due to the fact
that acetone and methyl acetate are much too volatile. Ethyl acetate is
also used to blend with butyl and higher acetates. Those solvents used
in lesser amounts are isopropyl acetate, secondary butyl and amyl acetates,
acetone, ethyl propionate, ethyl lactate, ethyl oxybutyrate, acetone oils and
so forth. Recently there have appeared on the market mixed esters of

* Arranged in the order of their boiling points.
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secondary and iso-amyl acetates and propionates. Esters of lactic acid,
such as butyl lactate and others, and the ethers of ethylene glycol possess
the unique property of tolerating large quantities of non-solvents and
diluents.

Catalytic hydrogenation has brought forth high-boiling liquids of strong
solvent power. Some of these are cyclohexanol, cyclohexanone, Tetralin
and so forth. By high-pressure, catalytic hydrogenation, mineral spirits
of paraffin structure are so altered as to become cyclic bodies with increased
solvent power. Naphthas are among the newer substances which have
been hydrogenated. The higher-boiling ketones are some of the more recent
commercial solvents which are made from the lower kctones; examples
of these are: methyl ethyl ketone, methyl isobutyl ketone and so forth.
Other recent solvents are the hydroxylated acetals, like glycerol mono-
formal, made from the union of aldehydes and polyalcohols, ethers of
diacetone alcohol, hydroxy-ethyl-methyl ketone (B-acetone-ethyl alcohol),
hydrocetyl-acetone, dichlorethyl ether and so forth,

Most of the solvents for cellulose acetate are methyl compounds, lower
ketones, ketone-alcohols, and cyclic ethers like the dioxanes. A valuable
property which many of these compounds possess is water-solubility.
Although not water-soluble, the chlorinated hydrocarbons possess strong
solvent action for cellulose acetate.

TaBLE 1.—Solubility of Water in Solvents (by Weight in 100 parts Solvent at 20° C*.)

Acetoacetanilide S. S. Cyclohexanol 11.8
Acectone M Cyclohexanone 8.7
Acetonylacctone M Cyclohexanyl acetate 1.4
Acetylene tetrachloride msol. Decahydronaphthalene insol,
Amyl acetate (mixed isomers) 1.15 Diacetin M
sec-Amyl acetate 0.9 Diacetone alcohol M
Amyl alcohol (mixed isomers) 9.0 Dibutyl phthalate 0.3
sec-Amyl alcohol 9.9 (25° C.)
Benzene insol. Dichlorethyl ether 0.1
Benzyl alcohol 8.4 Dichlorodiethyl ether insol.
Benzyl ether of ethylene glycol 18.1 Diethanolamine M
n-Butyl acetate 1.86 Diethyl carbonate 2.6
sec-Butyl acetate 1.65 Diethyl ether of ethylene glycol 4.5
Butyl acetyl ricinoleate 2.1 Diethyl ether of ethylene glycol

(25° C.) acetate M
n-Butyl alcohol 19.50 Diethyl ketone 2.1
sec-Butyl alcohol 4.1 Diethyl sulfate 0.7

(25° C.) Diethylene glycol M
Butyl butyrate 0.43 Diglycol diacetate M
Butyl ether insol. Diisobutyl ketone S.S.
Butyl ether of diethylene glycol M Dimethyl ether of ethylene
Buty! ether of diethylene glycol glycol M

acetate 3.4 Dimethyl phthalate 2.2
Butyl ether of ethylene glycol M 1,4-Dioxane M
Butyl ether of ethylene glycol Dipentene insol.
acetate 1.9 Dipropyl ketone 0.9

Butyl lactate 14.5 Ethyl acetate 11.0
n-Butyl propionate 0.8 Ethyl acetoacetate 2.8
Butyl stearate 0.04 Ethyl alcohol (anhydrous) M

(25°C.) Ethyl alphahydroxyisobutyrate M
Chloroform insol. 2-Ethyl butyl acetate 0.6
Cyclohexane insol. 2-Ethyl butyl alcohol 4.5
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TaBLE 1.—Solubility of Water in Solvents (by Weight in 100 parts
Solvent at 20° C.)--Continued

Ethyl butyrate 0.8 Mecthyl acctone M
Ethyl ether 1.3 Methyl amyl acetate 0.9
Ethyl ether of diethylene glycol M Methyl amyl alcohol 64
Ethyl ether of diethylene glycol Methyl n-amyl ketone 1.4
acetate M Methyl n-butyl ketone 2.2
Lthyl ether of ethylene glycol M Methyleyclohexone 3.0
Ethyl ether of ethylene glycol Methyl cther of diethylene
acetate 9.4 glycol M
Ethyl lactate M Mecthyl ether of dicthylene
Ethyl propionate 1.2 glycol acetate M
Ethylene chlorohydrin M Mcthyl ether of cthylene glycol M
Ethylenediamine M Methyl ether of cthylene
Ethylene dichloride 02 glycol acetate M
Ethylene glycol M Methyl ethyl ketone 11.8
Ethylene oxide M Methyl n#-hexyl ketone 06
Fenchone 05 Methyl propyl ketone 3.34
Furfural 4.8 Mineral spirits nsol.
Furfuryl acetate insol. Monoacetin M
Furfuryl alcohol M Monochlorobenzene insol.
Glycol diacetate 21.2 Monoethanolamine M
Glycol monoacetate M Octyl acetate S.S.
Hercosol msol. Octyl alcohol S.S.
Hi-Flash naphtha nsol. Octyl (2-ethyl hexyl) acctate 04
n-Hexanol 65 Octyl (2-ethyl hexyl) alcohol 2§
Hexone (methyl isobutyl o-Dichlorobenzene nsol
ketone) 2 81 Petroleum naphtha 1nsol
Hexyl acetate 0.7 Pine oil 1.7
Hexyl (2-ethyl butyl) acetate 0.8 Pine o1l (heavy) 24
Hexyl (2-ethyl butyl) alcohol 4.6 Propylene chlorohydrin M
Isobutyl acetate 1.64 Propylene dichloride 0.3
[sobutyl alcohol 16.9 T;ropylcno glycol M
(25° ) Propylene oxide 410
Isopropyl acetate 2.9 Safe-T-Esso msol.
Isopropyl alcohol (anhydrous) M Solvesso No. 1 insol.
Isopro])yl cther 07 b:olvesso No. 2 insol.
Isopropyl ether of cthylene Solvesso No. 3 insol.
glycol M Tetrahydrofurfuryl alcohol M
Isopropyl lactate M Tetrahydronaphthalene sol.
Mesityl oxide 285 Toluene . insol.
Methanol (anhydrous) M Turpentine (gum spirits) msol.
3-Methoxy buty! acctate 37 Turpentine (steam distalled)  insol.
Methyl acetate 11.0 V. M. & P. naphtha insol.
Methyl acetoacetate 380 Xylene insol.

Blushing

Gum, cotton, or other types of Dblush, are caused by precipitation of
one or more of the lacquer ingredients during the stages of drying. Rapid
evaporation, one causative factor of this precipitation, lowers the tempera-
ture ; and this results in condensation of water vapor on the surface. This
condensed water forms molecular aggregates with some of the ingredients
in the lacquer, thus replacing and precipitating gum or a cellulose deriva-
tive. Another cause of blush is the evaporation of the active solvent which
leaves the non-volatile constituents of the lacquer in contact with non-sol-
vents, with precipitation as the natural consequence. This blush, or pre-
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cipitation, causes a lack of homogeneity giving, as a result, white or opaque
films with inferior strength and durability. To prevent Dblushing and
to keep the ingredients in solution and uniformly mixed, the solvent blend
should be so adjusted as to contain always sufficient active solvent in the
residual mixture. The residual solvent mixture must also be of such a
nature as to form molecular aggregates with water and still retain its sol-
vent power for the lacquer constituents. In other words, the active solvent
mixture must be of such a nature as to tolerate non-solvents, such as
hydrocarbons and water, throughout all the stages of drying. This proper
balance of volatile ingredients cannot be too forcibly stressed because of
the constant change in ratio between solvent and non-solvent during the
drying period.

Diluents and Thinners

In lacquer formulation alcohols and esters of high boiling point are
used to hold the nitrocellulose and the resin in solution. If a diluent or
blending agent is needed, it too must possess a high boiling point to keep
the proper volatility balance. The components of a solvent mixture may
comprise such materials as coal-tar hydrocarbons, petroleum distillates,
turpentine fractions, alcohols, ethers, esters, and ketones, depending on
the kind of solution desired. Some of these substances are added not only
to meet the demand for low-cost solvents and thinners, but also
because their presence is often very necessary for complete compatibility.
These so-called diluents are active solvents for certain resins such as
rosin, thus, elemi, mastic, dammar, ester gum, cumar, synthetic resins
and so forth, and are of value in blending these resins with cellulose
derivative solutions. Their power to reduce the viscosity of a concentrated
lacquer gives them the title of thinner. The resinous material added to
lacquers imparts depth, adherence and gloss to the film, while the diluent
effects flow and vaporization.,

Mixing of solvents, diluents and thinners often results in change of
solvent properties. Some chlorinated compounds become good solvents
for cellulose esters when mixed with an alcohol.  On the other hand, some
active solvents for esters of cellulose lose some of their solvent power
when mixed with hydrocarbons. Alcohols are added to lacquers to improve
flow and to prevent blushing, although they vary considerably in these
respects.  Alcohols are not true or active solvents for nitrocellulose as are
the active dissolvents like ethyl lactate or m-butyl acetate. The alcohol
group, however, cannot be classed as non-solvents like toluene or naphtha.
When an alcohol is added to a true solvent, the solvent power of the latter
is not reduced but, on the contrary, this active solvent activates the alcohol
to such an extent that it too becomes a solvent. Therefore, alcohols are
referred to as “latent solvents” whose hidden solvent qualities are brought
out by the addition of an active solvent. The presence of a latent solvent
increases the tolerance of an active solvent for a non-solvent. This group
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of latent solvents can also be called extenders because they increase the vol-

ume of a mixture without decreasing the solvent power.

Solvent

Acetone

Acetonylacetone

Amy! acetate (commercial)
Amyl acetates (1someric)
sec-Amyl acetate

Amyl lactate

Benzyl ether of ethylene glycol
n-Butyl acetate

sec-Butyl acetate

Butyl butyrate

Butyl ether of ethylene glycol

Butyl ether of ethylene glycol acetate

Butyl ether of diethylene glycol

Butyl ether of diethylene glycol acetate

Butyl ether of propylene glycol
Butyl furate

Butyl lactate

Butyl oxybutyrate

n-Butyl propionate

Cyclohexanone
Cyclohexanyl acetate

Diacetone alcohol (diacetone)
Diamyl phthalate

IDibutyl phthalate

Dibutyl tartrate

Dichlorethyl ether

Diethyl carbonate

Diethyl ether of ethylene glycol
Diethyl ether of diethylene glycol
Diethyl ketone

Diethyl phthalate

Diethylene glycol

Diglycol diacetate

Diisobutyl ketone

Dimethyl phthalate

Dipropyl ketone

Dioxan

Ethyl acetate

2-Ethyl butyl acetate

Ethyl! butyrate

Ethyl ether

Ethyl ether of ethylene glycol

Ethyl ether of ethylene glycol acetate

Ethyl ether of diethylene glycol

Ethyl ether of diethylene glycol acetate

Ethyl ether of propylene glycol
Ethyl furate

Ethyl lactate

Ethyl oxybutyrate

Ethyl propionate

Ethylene dichloride

Fenchone
Furfural
Furfuryl acetate
Furfuryl alcohol
FRurfuryl furate

Glycol diacetate

Hercosol
sec-Hexyl acetate
Hexyl (2-ethyl butyl) acetate

TaBLE 2.—Dilution Ratios
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TABLE 2.—Dilution Ratios—Continued
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In general, simple esters and ketones activate alcohols so that they too
become solvents and are capable of tolerating various proportions of
diluents. This is due to the molecular aggregates formed. Two-type
solvents containing both an alcohol and an active solvent group, such
as an ester, ether or ketone, activate alcohol to a lesser degree. Unit vol-
umes of a solvent will activate only a limited amount of alcohol, indicating
that definite molecular aggregates are formed. A mixture of 50 per cent
n-butyl acetate and 50 per cent #n-butyl alcohol will not lose its solvent
power until 85 to 95 per cent of the volume is evaporated, contributing
further evidence to the validity of the thcory of molecular aggregates.
Plasticizers, which are the high-boiling solvents, also activate alcohols.
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TaBLE 3.—Dilution Ratios

Toluene 509,
Petroleum Petroleum

% of

Solvent Mixture Mi;ture Toluene Naphtha Naphtha 509,

Acetone 50

Butyl alcohol 50 4.60
Acetone 50

Ethyl alcohol 50 4.60
Amyl acetates (mixed isomers) 90

Amyl alcohols (mixed isomers) 10 2.48
Amyl acetates (mixed isomers) 85

Amyl alcohols (mixed isomers) 15 2.46
Amyl acetates (mixed isomers) 80

Amyl alcohols (mixed isomers) 20 2.45
Amyl acetates (mixed isomers) 67

Amyl alcohols (mixed isomers) 33 2.30
Amyl acetates (mixed isomers) 55

Amyl alcohols (mixed isomers) 45 2.00
Amyl acetates (mixed isomers) 45

Amy]l alcohols (mixed jsomers) 55 1.60
Amyl acetates (mixed isomers) 35

Amyl alcohols (mixed isomers) 65 1.30
Amyl acetates (mixed isomers) 30

Amyl alcohols (mixed isomers) 70 0.90
Amyl acetates (mixed isomers) 25

Amyl alcohols (mixed isomers) 75 0.70
sec-Amyl acctate 67

sec-Amyl alcohol 33 1.70 1.10 1.30
sec-Amyl acetate 50

Ethyl acetate 50 2.70 0.75
n-Butyl acetate 50

sec-Amy! alcohol 50 205 100
sec-Butyl acetate 50

sec-Amyl alcohol 50 1.90 080
n-Butyl acetate 90

n-Butyl alcohol 10 323
n-Butyl acetate 80

n-Butyl alcohol 20 3.20
n-Butyl acetate 67

n-Butyl alcohol 33 3.15 1.70 2.15
n-Butyl acetate 60

n-Butyl alcohol 40 310
n-Butyl acctate 50

n-Butyl alcohol 50 290 150 1.90
n-Butyl acetate 40

n-Butyl alcohol 60 2.50
n-Butyl acetate 30

n-Butyl alcohol 70 2.10
n-Butyl acetate 20

n-Butyl alcohol 80 1.75
Butyl acctate 50

sec-Butyl alcohol 50 230 1.00
sec-Butyl acetate 50

n-Butyl alcohol 50 2.55 1.20
sec-Butyl acetate 50

sec-Butyl alcohol 50 2.20 0.90
n-Butyl acetate 50

Fthvl acetate 50 2.85 1.30 2.20
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TABLE 3.—Dilution Ratios—Continued

Solvent Mixture
Butyl acetate
Fusel oil (refined)
sec-Butyl acetate
Fusel oil (refined)
Diacetone
n-Butyl alcohol
Diacetone
Ethyl alcohol
Dibutyl phthalate
n-Butyl alcohol
Dibutyl phthalate
Ethyl alcohol
Dibutyl tartrate
n-Butyl alcohol
Dibutyl tartrate
Ethyl alcohol
Ethyl acctate
n-Butyl alcohol
Ethyl acetate
sec-Butyl alcohol
Ethyl acetate
Ethyl alcohol
Ethyl acetate
Fusel oil (refined)
Ethyl ether of ethylene glycol
n-Butyl alcohol
Ethyl ether of ethylene glycol
Ethyl alcohol
Ethyl ether of ethylene glycol acetate
n-Butyl alcohol
Ethyl ether of ethylene glycol acetate
Ethyl alcohol
Ethyl lactate
n-Butyl alcohol
Ethyl lactate
Ethyl alcohol
Methyl ethyl ketone
Ethyl alcohol

¥Classification of Solvents

% of
Mixture

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
85
15

Toluene
2.50
2.15
3.10
2.75
2.70
2.95
2.70
2.95
3.00
285
3.55
2.50
300
340
250
3.00
3.85
4.25
4.97

Petroleum
Naphtha

1.30
1.05

0.75

0.95

23

Toluene 50%,
Petroleum
Naphtha 509,

0.87

Owing to the wide differences in physical and chemical properties of
solvents and their use in a large variety of products, it is difficult to clas-
sify them in order to meet the demands of all. Some advocate a grouping
according to evaporation rates while others think dilution ratios are more
useful. Like all methods of classification these have their advantages and
disadvantages. None gives a complete picture comprising purity, density,

stability, evaporation rates, dilution ratios and so forth.

is a classification according to boiling points:

The following
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By Boiling Point

Low Boilers

Those which boil below 100° C. usually have high evaporation rates,
dry quickly, many reduce viscosity, many have pleasant odors, and are
generally the active solvents or diluents.

Acetone . . [soamylamine
Acetylene dichloride Isoamyl chloride
Benzene ] Isobutyl formate
sec-Butyl alcohol Isopropyl acetate
n-Butylamine Isopropyl alcohol
Butyl chloride Methyl acetate
Carbon disulfide Methyl acetone
Carbon tetrachloride Methyl alcohol
Cyclohexane Methyl carbonate
Diethylamine Methyl ether
Bget}wl carbonate Methyl ethyl ketone
E:fn;iyi\c]g;?:e Methyl formate
Methyl propionate

Ethyl alcohol
. . Methyl propyl ketone
Ethyl alcohol (anhydrous) Methylene chloride

Ethyl bromide

Ethyl ether Petroleum naphtha
Iithyl propionate Propyl alcohol
Lthylene dichloride Propyl ether

Propyl formate
Propylene dichloride
*Solvesso No. 1

Ethylene trichloride
Ithylidene chloride
Ethylidene ether

* For the chemical name of this and other trade name products see under their separate tieat-
ment in later chapters

Medium Boilers

Those which have boiling points ranging between 100 and 150° €', and
usually impart the properties of flow to a lacquer.

n-Amyl acetate
Amyl acetate (mixed isomers)
sec-Amyl acetate
n-Amyl alcohol
Amyl alcohol (mixed isomers)
sec-Amyl alcohol
n-Butyl acetate
sec-Butyl acetate
n-Butyl alcohol
sec-Butyl alcohol
n-Butyl propionate
“Cellosolve”
“Cellosolve” acetate
Cyclohexanone
Diethyl carbonate
Diethyl “Cellosolve”
Dipropyl ketone
Ethyl butyrate
Furfural

sec-Hexyl acetate
Hi-Flash naphtha
Isobutyl acetate
Isobutyl alcohol

Isopropyl “Cellosolve”
Isopropyl lactate
Mesityl oxide
3-Methoxy butyl acctate
Methyl amyl acetate
Methyl amyl alcohol
Methyl n-amyl ketone
Methyl #n-butyl ketone
Methyl “Cellosolve”
Methyl “Cellosolve” acetate
Methyl cyclohexanone
Methy! isobutyl ketone
(Hexone)
Petroleum naphtha
Methyl propyl ketone
Monochlorobenzene
Phorone
Solvesso Nos. 1 and 2
Tetrahydrofurfuryl alcohol
Toluene
V. M. & P. Naphtha
Xylene
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High Boilers

Those which boil between 150 and 200° C. These are the residual sol-
vents with low cvaporation rates and strong solvent power. They pre-
vent blush or precipitation and impart final flow, resulting in smooth and
glossy films.

Acctonyl acetone Ethyl lactate

Benzyl alcohol Fenchone

Butyl butyrate Furfuryl acetate

Butyl “Cellosolve” Furfuryl alcohol

Butyl “Cellosolve” acetate Glycol diacetate

Butyl lactate Hercosol

“Carbitol” Hexyl (2-ethyl butyl) acetate
Cyclohexanol Methyl “Carbitol”
Cyclohexanyl acetate Methyl n-hexyl ketone
Decahydronaphthalene (Decalm) Mineral spirits

Diacetone alcohol Octyl (2-ethy!l hexyl) alcohol
Dichloroethyl ether Orthodichlorobenzene

Diethyl “Carbitol” Safe-T-Esso

Dicthyl oxalate Solvesso No, 3

Diisobutyl ketone Turpentine (gum spirits)
I'thyl acctoacetate Turpentine (stecam distilled)
Lthyl benzoate V. M. & P. Naphtha

Midway Boiers

Those solvents having boiling points ranging hetween the high hoilers
and the plasticizers.

Benzyl “Cellosolve” Diglycol diacetate

Butyl “Carbitol” Levulinic acid esters
Jutyl “Carbitol” acetate Methyl “Carbitol” acetate
“Carbitol” acetate Pine oil (heavy)

Plasticizers and Softeners

These solvents have boiling points of 300° C. or over and constitute
a permanent part of the film. They impart toughness and flexibility.
Refer to the chapter on Plasticizers for a further discussion of this
subject.

By Chemical Composition
Aliphatic Hydrocarbons

Cyclohexane Petroleum benzene
Gasoline Petroleum naphtha
Hi-Flash Naphtha V. M. & P. Naphtha

Mineral spirits

Aromatic Hydrocarbons

Benzene i Tetrahydronaphthalene
Decahydronaphthalene (Tetralin)

(Decalin) Toluene
1-Methyl-4-isopropyl benzene Xylene

p-Cymene
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Halogenated Aliphatic and Aromatic Hydrocarbons

Carbon tetrachloride

Methylene chloride

Dichlorethylene Monochlorobenzene
Dichlorethy! ether o-Dichlorobenzene
Ethylene chlorhydrin Tetrachloroethylenc
Ethylene dichloride Trichloroethylenc
Alcohols
Amyl alcohol Hexyl (2-ethyl butyl) alcohol
Benzyl alcohol Methy! alcohol
Butyl alcohol Methyl amyl alcohol
Cyclohexanol Octyl alcohol
Ethyl alcohol Octyl (2-ethyl hexyl) alcohol
Hexyl alcohol Propyl alcohol
Kcetones
Acetone Methyl amyl ketone
Acetonylacetone Methyl butyl ketone
Cyclohexanone Methyl cyclohexanone
Diacetone alcohol Methy! dipropyl ketone
Dibutyl ketone Methyl ethyl ketone
Diethyl ketone Methy] n-hexyl ketone
Dipropy! ketone Methyl isobutyl ketone
Mesityl oxide Methyl propyl ketone
Methyl acetone ® Phorone
Lsters
Acetatcs Phosphates
Alkyl formates Propionates
Butyrates Stearates
Ethers

Diethyl “Carbitol”

Diethyl “Cellosolve”

Ether

Benzyl “Cellosolve”

Butyl “Carbitol”
Butyl “Cellosolve”
Butyl lactate
Diethyl malate
Diethyl tartrate
Ethyl glycollate

Alcohol Esters

Ethers of dihydroxy alcohols
Ethers from propylene glycol
Glycol ether

Ethyl lactate

Ethyl salicylate
Isopropyl ‘“‘Cellosolve”
Isopropyl lactate
Methyl “Carbitol”
Methyl “Cellosolve”

Ethyl hydroxypropionate Triethyl citrate

Lther-Alcohols

“Cellosolve”
“Carbitol”
Diethyl glycerol ether

Diethylene glycol
Glycidol
Monoethyl ether of triethylene glycol

Ketone-Alcolols

Acetonyl methanol

Dihydroxyl acetone
Diacetone alcohol

Pyruvyl alcohol

& Methyl acetone is comprised of acetone 48 per cent, methyl acetate 28 per cent, methanol
24 per cent.
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Kectone-Esters

Ethyl acctoacctate Ethyl pyrunate
Ketone-Iithers

Acetal ethyl ether (cthoxy acctone)

Ethyl ether of acetenyl methanol
Methyl ethoxy ethyl ether

Lister-Ethers

Butyl “Carbitol” acctate Iithyl ether of ethyl

Butyl “Cellosolve” acetate glycolate

“Carbitol” acetate 3-Mcthoxy butyl acetate
“Cellosolve” acetate Methyl “Carbitol” acetate
Diglycol diacetate Methyl “Cellosolve” acetate

Ethoxy ethyl lactate
Ether-Alcoliol-Ester.

Glycol ether acetate

Requirements of Solvents

1.

9.
10.
11.
12.

13.
14.
15.

Lacquer solvents should possess active solvent properties for cell-
ulose esters and ethers, gums and resins, and should be able to dis-
solve these substances in any desired proportion.

They should possess the property of wetting pigments.

Rate of evaporation should be uniform, or nearly so, to produce
maximum gloss and finish.

Colorless or nearly so.

Odorless or nearly so (nothing persistent).

Neutral in reaction.

Stable to chemicals, water, atmospheric conditions and aging.
They should not break down in structure.

They should tolerate large amounts of non-solvents without blush-
ing or precipitation.

Non-toxic to instire the health of user.

Free from water.

Roiling point or range should indicate purity.

The cvaporation rate should not produce too great a drop in tem-
perature.

Minimum lifting action on varnish and paint films.

Good blending properties arc essential.

The cost should be moderate, and the solvent should be commer-
cially abundant, and have a low specific gravity.

Requirements of Mixed Solvents

1.

2.

They should hold the non-volatile ingredients until the film has
dried.

The active solvent should evaporatc at a slower rate than the non-
solvent and thus prevent blush or precipitation.
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4.
5.
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The active solvent should be the last to leave the film, but prior to
this it should produce a flow resulting in a smooth glossy surface
free from gas bubbles.

These mixtures should produce uniform blending of all the lacquer
ingredients during the stages of drying.

When employed as a thinner, they must cut the lacquer base readily.

Requirements of Diluents and Thinners

1.
burn,
2.

Should possess solvency.

Have no harmful physiological effects.

Contain no toxic vapors.

The active and non-solvents should be in such proportions as to
impart maximum solvency.

They should approach the perfect mixture in solvent power, thin-
ning qualities, blush resistance, ratc of cvaporation, low cost and
non-lifting action of the under-coat.
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Chapter 3
Plasticity

Properties of Plasticizers

“Plasticity the Servant of Industry,” a phrase of Freundlich, ade-
quately sums up the functions and properties of plasticizers. Generally,
a plasticizer is a non-volatile, non-separating neutral substance which,
when added to another material, imparts plasticity to the mixture. The
term plasticizer is a broad one and its significance varies with the industries.
What is required of it in the lacquer industry is perhaps not a desirable
feature in the molding trade. It follows that plasticity, a desirable property
which is imparted by a non-volatile neutral solvent for nitrocellulose in
the pyroxylin industry, is an unwanted quality in the artificial lcather trade
where softness and pliability arc necessary. The purpose of the plasticizer
is to improve the process of molding and to increcase the virtues of a
lacquer so as to make it adaptable for various purposes. These desirable
properties are brought about by the action of the solvent-plasticizer, or
softener, or extender, on the compatible material. The addition of tricresyl
phosphate to certain grades of nitrocellulose produces a transparent gel.
However, the addition of morc plasticizer produces a further dispersion of
cellulose derivative with a consequent homogeneous composition. This
action is comparable to the process of adding a solvent and a diluent, The
greater the solvent power of a plasticizer, the more diluent it will tolerate.
Tricresyl phosphate belongs to the group of solvent-plasticizers which
exhibits the power to gel. If castor oil is added to this same grade of
nitrocellulose it is softened, but no visible change can be observed and
the addition of more softener produces no visible effect. Softeners
possess the disadvantage of exuding from film or molded masses hy changes
of pressure or temperature. The gelling-plasticizers, as a rule, do not
exude.

Extenders are non-volatile materials and are compatible with cellulose
derivatives. They include such materials as the chlorinated derivatives of
linseed oil, resinous material and so forth. They do not possess plasticizing
properties but, as the term implies, they permit greater dilution with
diluents and extend the covering power of a lacquer. There are some
natural and synthetic resins like ester gum, dammar, mastic, oils, modified
glyptols, phenol-aldehyde resins, vinyl resins, methyl, ethyl, and benzyl
abietates, chlorinated diphenyls, toluene-sulfonamide-aldehyde resins,
and alkyl resins which act as film-forming materials and are compatible

29
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with cellulose derivatives. They do not plasticizc but form clear or
homogeneous films. Some of the recently proposed ester ricinoleates and
linoleates are on the horder line between oils and solvents.

The best plasticizer is the solvent type of a very low volatility, and
this very low or non-volatility insures permanent retention. The solvency
of this type causes the plasticized film to flow and give without
rupture under stress; it allows for film elongation and contraction
with changes in temperature; and it permits bending and yielding with-
out fracture under impact. The most important constituent of a lacquer
is the plasticizer, The usual quantity of this important constituent
should produce the desired and well-balanced relation between increased
toughness, flexibility, clasticity and tensile strength. In addition to
increased plasticity, these high-boiling solvents add improvement in the
flow, smoothness and wearing properties of the film. Gloss or shine in a
lacquer film is due to the retarding cffect of solvent evaporation which
produces a flow just before setting. This flow hefore setting also prevents
blushing and therefore gives a smooth glossy finish, eliminates shrinkage,
and fills in rather than bridges over the minute cavities on the surface.
This filling in of the porous surface accounts for better adhesion. Cellulose
csters and ethers, some synthetic and most natural resins are brittle. This
property increases with age. When these substances are used in making
coatings which are applied to wood, metal, leather, textiles and so forth,
or used in making thermoplastics, their lack of adhesive power causes them
to shrink upon drying and aging with consequent cracking and shattering.
Any substance which, when added to cellulose derivatives, gums and
resins, is able to alter their properties so as to make them more desirable
and valuable, is called a plasticizer. Tor example, acetyl cellulose is
brittle, lacking in mechanical strength, and a solution of it lacks adequate
plasticity. This is not improved by the addition of gum and pigment
which only adds to its brittlencss. Should a suitable plasticizer be added,
however, a film can be produced which is tough and ductile. The strength,
flexibility and clarity of ccllulose esters depend upon the type and quantity
of plasticizer added.

A more specific and practical example ! is the mixing of the following
which makes an unpigmented enamel basc lacquer:

Nitrocellulose 227 grams
(28-second viscosity)

Dammar gum 255 grams

Ester gum . 57 grams

Dissolved in 3.78 liters of this solvent:

Per cent
Butyl acctate 25
Butanol . 10
Ethyl acetate 15
Xylene 8

Toluene 42
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With the addition of 1300 to 1800 grams of Zinc White (ground in)
a good white enamel for flat work is produced. This lacquer will, upon
aging and when bent, chip and splinter. These faults can be overcome by
the addition of 80 per cent dibutyl phthalate on the weight of the nitro-
cellulose. This film, which is not any softer, can now be bent without
consequent marring or loosening from the metal. Similarly, addition of
camphor to nitrocellulose makes it possible to mold the mixture at 100° C.

Plasticizers, like all solvents, are able to form molecular aggregates
with other substances, like solvents, ccllulose derivatives, gums, resins,
dyes and so forth, and like other molecular aggregates, some are firmly
held together with resulting good, homogencous, strong, and stable films.
Other such aggregates are formed in lesser quantities and held together
less tightly and these are sometimes referred to as softeners. Still others
form molecular aggregates with one substance in a mixture and repel
other suhstances in that mixture, with a consequent production of all
sorts of combinations and results. To form homogeneous films, plasticizers
should be solvents for cellulose derivatives, resins and gums and at the
same time should be compatible with pigments and dyes.

Requirements of a Plasticizer

1. Good solubility for the material it is used to plasticize, as cellulose
derivatives, gums, resins and so forth.

2. Little or no inflammability.

Clear, colorless or nearly so. If it contains color, it should not

interfere with the finished product.

4. Odorless and tasteless or nearly so, especially when it is used for
wrapping food products.

5. Should be unaffected by light, water, chemicals, oils and fats.

6. Stable to atmospheric conditions.

7. Must not crystallize or separate. It must stay in solution permanently.

8. Should possess a high melting point and be non-volatile.

9

)

1

ol

Neutral or nearly so.

Relatively inexpensive.

Must not impair hardness of film, nor plastic mass, nor have

bubbling qualities.

12. Should not increase viscosity; if anything, it should decrease it.

13. Should impart ductility, tenacity and adherence.

14. Non-conductor.

15. Compatible with filler, dye, pigments and resins.

16. Must produce highly elastic, non-shrinking and non-scratchable sur-
face.

17. Must produce a homogeneous, tough, flexible and permanent film and
should not appreciably reduce film strength,

18. Should be non-injurious to film or plastic mass.

19. Non-hydrolyzing.

20. Resistant to heat, or be heat-proof.
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21. Flexibility at all temperatures.
22. High retentivity.
23. Stability on aging.

It is impossible and unnecessary for any substance to meet all the above
requirements. To make these requirements adequately workable, it is
necessary either to use differing plasticizers to suit the problem or to
use combinations of these for the desired results. The purpose and use
to which the plasticized material will be subjected will determine both
the wisdom of choice and which qualification is of primary or secondary
importance and which can be overlooked entirely. For further elucidation
of some of the above requirements for an ideal plasticizer, odorless and
tasteless plasticizers are absolutely necessary when they will be used to
wrap food products. In other substances a slight odor is not objection-
able provided it is not noticcable in the fabricated material. Water-
resistance is necessary as water will soften, loosen, or disintegrate the
material. T.iquid gelling agents arc preferred to solid, because there is
often crystallizing out of the solid. Nevertheless, some solids impart
valuable propertics, such as combining hardness and elasticity, or a
desirable crystallizing out which produces beautiful crystalline effccts
called “crystal lacquers.” To prevent bleeding or separation of dyes,
compatibility is necessary, although, in isolated cases, this is not desired.
It is also nccessary that plasticizers be compatible with resins. The addi-
tion of resins improves lustre, adhesion, hardness and durability. Resins,
however, do retard drying, reduce mechanical solidity of the film, and
increase brittleness which is, however, counteracted by the presence of
plasticizer.

Plasticizers came into prominence with the development of pyroxylin
and the subsequent growth of the cellulose ester and ether industries.
Camphor was the first to be satisfactorily used with nitrocellulose in the
making of celluloid and molded pyroxylin articles. In 1883 Graebe 2 used
dialkyl phthalate as a plasticizer in pyroxylin and Nobel 3 later advocated
the use of dialkyl esters of phthalic acid.

Messer,* working on the assumption that acetone, ethyl acetate, and
some chlorinated compounds are good solvents, inferred that a good
plasticizer could be made should a keto-group, as is found in acetone,
or an ester-group, as is present in cthyl acetate, be chemically combined
with a high-boiling solvent, and in so doing combine good solvent proper-
ties with a high hoiling point. Working on these premises he combined
sodium salicylate with chloracetone. The free hydroxyl group in the
resulting product was then acetylated, producing OAc - C¢H4CO, - CH,
*Ac. The gclatinizing power of this high-boiling, large molecule is
attributed both to the ketone and to the two ester groups. When benzoic
acid replaced salicylic acid, the inert benzene nucleus reduced the solvent
action of the three groups. The replacement of salicylic acid with phthalic
acid yielded diacetonyl ester of phthalic acid CgH4(CO2-CHz ' Ac),
with four gelatinizing groups which also possessed high solvent power.
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Similar effects were obtained by combining hydroxy or dicarboxylic aro-
matic acids with ethyl or methyl acetate. Sodium salts of aromatic acids
and chloracetic esters were combined and the resulting product was
acetylated. Hydroxy acid, like salicylic, yielded AcO - CgHy - CO, - CHy
*COz - C:Hp; from phthalic acid was obtained CgHy(CO, - CHz - CO;
*CoHp)a. These substances are water-insoluble, stable to hydrolysis, and
possess excellent softening qualities. Messer? has also condensed diacetin
and aromatic and aliphatic mono- and dicarboxylic acids, obtaining
AcO+ CgH,y* CO CH(CHz - OAc). from salicylic acid and CgH4|CO»
+CH - (CIIs - OAc)z]2 from phthalic acid. He has made glyceryl esters
by passing a stream of hydrochloric acid gas through a mixture of
phthalic anhydride and glycerin. The intermediate chlorohydrins were
then treated with sodium acetate and acetic anhydride. These syrupy liquid
esters were water-insoluble, non-volatile, and solvents for nitro- and
acetylcelluloses and possessed boiling points above 300° C. Other
plasticizers proposed by Messer are the acetylated condensation products
of aniline and chlorohydrins and the sulfonamides.

Jenkins B is of the opinion that the solvent action of ethyl ether of
ethylene glycol for nitrocellulose is owing to the combined action of
alcohol and ether groups, which is similar to the solvent power of a mixture
of ether and alcohol. The solvent properties of “Cellosolve” acetate are
similar to the mixture of ethyl acetate and alcohol. By analogy and fact,
“Cellosolve” stearate is a good gelatinizer. ‘I'he analogy is based on hoth
the dissolvent groups present and the boiling point.  Other compounds
giving evidence of dissolvent power owing to the presence of certain
groups are :

1-3 Diamyl ether of glycerol
1-3 Dibutyl ether of glycerol
1-3 Diethyl ether of glycerol
1-3 Dimethyl ether of glycerol

The solvent action of a mixture of benzene or toluene with alcohol
for celluluse ethers has been synthesized in the gelatinizing action of :

1-3 Ditolyl ether of glycerol
1-3 Diphenyl ether of glycerol .

A review of the plastic industry reveals the following plasticizers
which are used in conjunction with nitrocellulose:

Acetanilide Diphenyl urea

Alkyl phthalates® Esters of phosphates®

Butyl stearate® Ethyl acetanilide (Mannol)
Butyl tartrate Toluene sulfonamide derivatives
Camphor Triacetin

* Diamyl, dibutyl, diethyl, dimethyl phthalates.
" Butyl stearate, when used with amyl phthalate, imparts polishing properties.
¢ Tributyl, tricresyl, triphenyl phosphates impart noninflammability.
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The plasticizers used in conjunction with cellulose acetate are fewer

number. Some of these are:
Alkyl acetanilides Methyl mandelate
Benzophenone Pentaerythrytol tetraacetate®
Chloretone Phenyl carbamate
0-Cresyl-p-toluene sulfonate Resorcinyl diacetate?
Cyclohexanone Triacetin
Dimethyl phthalate Tributyrin
Ethyl malonate Tricresyl phosphate
LEthyl succinate Triphenyl phosphate

Isoamyl carbamate
Plasticizers used with cellulose ethers are:

Tricresyl phosphate Diethyl phosphate
Triisobutyl phosphate

Recently Proposed Plasticizers ¢

A.
B.

C.
D.
L.
I
G.
H.

I.

Ethoxyethyl lactate, alkyl-ether phosphates and adipates and others.
Oximes of some high-boiling ketones and aldehydes, such as acetophe-
none, cyclohexanone and furfural.

Alkyl ether acetal with the aid of mercury fluoroborate as a catalyst.
Hydroxydiphenyl methanes, such as phenyl cresyl methane.
Alkylated derivatives of di- and tetramethylene oxides.

Esters of naphthenic acid.

Esters of di-, tri-, tetra-, and pentaethylene glycol.

Complex bodies made by the action of glycerol on cyclohexanone; for
example, pentamethylene-hydroxymethyl-dihydrodioxol.

A group of solvents and plasticizers of the methylene ether-ester type,
proposed by Frederick Walker. These are made by reacting chloro-
methyl ethers with sodium salts of organic acids.

R — OCH,Cl + NaOOC — R —> NaCl 4+ R — OCIT,00C — R

He has prepared fourteen of these solvents and determined their
physical properties.

The laboratories of Iiastman Kodak 7 have developed the following
plasticizers::

Butyl o-methoxybenzoate p-Nitrobenzyl

Ethyl p-methoxybenzoate Propyl p-hydroxybenzoate

Furfural diacetate

The Commercial Solvents Corporation® has recently developed the
metal salts of alkyl acid esters of polyhydric alcohols and polybasic
acids as plasticizers:

* Transparent to ultra-violet light.
® Discolors on standing.
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Calcium butyl glyceryl phthalate
Cobalt butyl glyceryl phthalate
Sodium butyl glyceryl phthalate
Zinc butyl glyceryl phthalate
Zinc isoamyl glyceryl phthalate

L. Monsanto Chemical Company ® offers as a new plasticizer:

N-substituted aryl-sulfonamide
(N-ethyl-N-acetyl p-toluene sulfonamide)

M. Some of the research workers in the field of plasticizers have shown
a renewed interest in castor oil. It has been condensed with poly-
basic aliphatic and aromatic acids. LExamples of these are the
condensation products of castor oil with glycerin, succinic, benzoic
and tartaric acids, and half-ester of maleic acid. Acetyl butyl ricino-
leate is another plasticizer which has been proposed.

N. Aliphatic and aromatic esters of phthalic and hydroaromatic esters:

Benzyl n-propyl phthalate

Diethyl ester of di-n-butyl monoamid phosphoric acid
Ester of keto-acids

Methyl xylyl hexyl ester of beta-keto butyric acid
Mono-, di-, tri-, tetra-, and hexaoxystearic acid
Xylyl hexyl isoamyl phthalate

Krumbhaar 1 reports that the best plasticizers for chlorinated rubber
are the soft alkyls, chlorinated naphthalenes and some synthetic oils.

Krus,t in his survey of plasticizers in contemporary publications,
concludes that most of them exhibit better solvency for the ester-soluble
type of nitrocellulose than for the alcohol-soluble types of low nitrogen
content. The best gelatinizers are the aliphatic and aromatic phosphoric
acid esters. Dibenzyl tartrate is worthy of special recommendation.
Those of weaker plasticizing power are triacetin, dibutyl tartrate, esters of
citric acid, and the phthalates. Those of no particular significance as
plasticizers are the adipic acid esters, and the acctates of higher fatty
alcohols (cetyl and oleyl alcohols). Non-solvency for pyroxylin is shown
by the stearates, oleates, ricinoleates and castor and rape oil preparations.
The viscosity is increased by both castor and rape oils on one hand and
reduced by the aliphatic phosphates on the other. Extensibility is imparted
by the addition, in large quantities, of aliphatic phosphates, acetates of
higher fatty alcohols, the citrates and triphenyl phosphate. Dibutyl tartrate
gives maximum efficiency in high extensibility and high tensile strength,
with second place taken by butyl oleate. Castor oil, which is known to
impart toughness to films, is outdone in this by the trialkyl phosphates and
some phthalates. Films and regenerated cellulose are generally plasticized
with glycerin or glycol. These are non-injurious, non-toxic and tasteless.
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TABLE 5.—Plasticizers

M~—Melting Point . Vapor
B—Boiling Point  Specific Refractive  Pressure
F~—Fla§h-‘l’omt Gravity Index (mm. Hg)

Name . at 20°C. at20°C at 20°C.
Acetamide M 81 1.159 1.4274
B 222
Acetanilid M 114.2 1.2105
B 303.8 (4°)
Acetonyl acetone M9 0.973 1.4490 2
F 190° F, (30°)
B 188
p-Acetophenetidin M 135.0
B decomp,
Acetyldiphenylamine M 93.5
Acetyl phenyl-g-naphthylamine M 93.0
Amyl borate © B 260 0.865 1.4200
Amyl lactate B 210.0 0.957 —
* 0.960
(15°)
Amyl oxalate B 265.0 0.970
Amyl tartrate B 400.0 1.045 1.4500
Benzanilid M 161 1.3214
B 117-9(10)
Benzol monethyl sulfonamid M 57-58
Benzyl abietate B 294
Benzyl acctate F 93 1.058 1.5232
B 213.5
Benzyl alcohol M 15.3 1.046 1.5394 1(61°)
F 100° F
B 206.9
Benzyl cther of ethylene glycol I 265°F. 1,070 10
B 254 (30°)
Benzyl lactate B 130.0 1.5252
(25°)
Borneol M 208.6 1.011
B 213.5
Butyl acetyl ricinoleate - 3% to 0.940 3
— 6
F 110
B 230
Butyl “Cellosolve'’ stearate B 230 0.88
(5 mm.)
Butyl cther of dicthylene glycol I' 230 0.957 1.4258 0.2
B 232.1 (27°) (50.2°)
Butyl ether of diethylene glycol acetate F 260° F. 0.987 1.0
B 236 (30°)
Butyl cther of cthylene glycol acetate T 180° I°, 0.943 1.0
B 188 (30°)
n-Butyl lactate I 61 0.987— 1.4204
B 185-195 1.012
(15°)
Butyl phthalyl glycollate M 35 1.098 1.4897 5
B 219.0
Butyl stearate M 19-20 0.856— 1.4444 20
B 220.0 62
Butyl tartrate M 22 1.082 1.4400 20
B 205.0
Camphor M 179.0 0.990
209.0 (25°)

p-Chloracetanilid

B

M 172.5 1.385 1.4602
Cyclohexanol B

M

B

62.3 0.945 0.42

1
1
n-Deca alcohol ; 0.830 0.1440
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TABLE 5.—Plasticizers—Continued

M—Melting Point Vapor
B—Boiling Point  Specific  Refractive Pressure
F—Flaghé oint Gravit Index  (mm. Hé)

Name at 20°C. at20°C. at20°
Decahydronaphthalene F 145°F. 0.885 1.4758 2
B 186 (30°)
Diacetin F 146 1.179 1.4395
B 259.0 (15°)
Diamyl phthalate B 340.0 1.023 1.4865 37
Dibenzyl M 52.5 0.942 1.539
B 284 (80.6°) (80.6°)
Dibenzyl succinate (Esterol) M 45
B 238(14)
Dibenzyl tartrate M 50 1.2036
B 250-70(4) (72.2°)
Dibutoxy ethyl phthalate B 233 1.06
(5 mm,)
Dibutyl phthalate M35 1.047 1.4900 0.1
B 340.7 (89°)
Dibutyl sebacate B 210 0.930
(5 mm.)
n-Dibutyl sulfone M 43.5
Dicyclohexanol phthalate M 66.0
Dicyclohexyl adipate B 212 1.030 12
Diethanolamine T 280 1.0985 0.1
B 268.0
Diethoxy ethyl phthalate B 225 1.105
(5 mm.)
Diethyl diphenyl urea M 72-73
B 325-30
Diethyl phthalate B 290 1.120 1.4952 20
Diethyl sulfate I 220°F, 1.1801 0.1
B 208.0
Diethylene glycol I 286° F. 1.1185 0.1
B 244.5
Diethylene glycol dipropionate B 165 1.075
(4 mm.)
Diglycol diacetate M43 1.116 1.0
T 290° T, (30°)
B 238
Dihydroxy dipheny! sulfone M 179
Diisobutyl ketone I 145° F, 0.880 4
B 164 (30°)
Dimethoxy ethyl phthalate B 198 1.141
(5 mm,)
Dimethyl cyclohexyl adipate B 230 1.091 1.4690 12
Dimethyl c¢yclohexyl methyl adipate B 220 1.009 1.4680 12
Dimethyl phthalate M 0.6 1.193 1.5138 0.3
B 283.8 (82°)
Diphenyl carbonate M 81.0
B 302.2
Diphenyl phthalate M 70
B 250
Dodeca acetate B 140-160 0.869 1.434
Dodeca alcohol M 24
B 143.0
Dodeca butyrate B 174 0.859 1.434
Dodeca oleate B 120-130 0.867 1.455
Ethoxy ethyl phthalate M 275 0.932
Ethyl abietate B 350.0 1.020 1.4980
Ethyl acetanilide (Mannol) M 5445 0.984 20
F 12 60°

B 259.0 o
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TABLE 5.—Plasticizers—Continued

Name
Ethyl acetoacetate

Ethyl benzoyl benzoate
Ethyl carbamate
Ethyl carbanilate

Ethyl carbanilid
Ethyl ether of diethylene glycol

Ethyl ether of diethylene glycol acetate

Ethyl ether of ethylene glycol

Ethyl ether of ethylene glycol acetate

Ethyl phthalyl glycollate

n-Ethyl-2,4,6-trichloracetanilid
Ethylene glycol

Ethylene glycol benzoate

Ethylene glycol salicylate
Fenchone

Fenchyl alcohol

Formanilide

Formyl diphenylamine
Furfuramide

Furfuryl acetate

Glycerol tribenzoate (tribenzoin)
Glyceryl trisalicylate

Glycol diacetate

Glycol monoacetate

Hexadeca acetate
Hexadeca alcohol

n-Hexyl alcohol
Isobornyl chloride
Isofenchyl alcohol

Isopropyl carbamate
Isopropyl carbanilate
Methyl acetanilid

Methyl carbamate

M—DMelting Point
B—DBoiling Point
F—-Flaghél’oint

F 184° F.
B 180.0

Specific
Gravity
at 20° C.
1.0261
1.155
1.11
1.1063
30.4°
T
1.023
1.011

C1.027

1.0125
1.180

1.1155

0.948
0.933
(50°)
1.112
(60°)

1.119
1.25

1.107

1.108

0.861
0.818

0.820

0.961
(15°)

Refractive

Index
at 20° C.

1.4987

1.4647
(14.5°)

1.4627

1.4150

1.440

0.1423

1.4801
(15°)

39

Vapor

Pressure
(mm, Hg)
at 20° C.

0.7

0.14
1.0
(30%)
1.0
(30°)
0.1

0.1

2
(30°)

39.4
(60)

1.0
(30°)

1.0
(30°%)
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TABLE 5.—Plasticizers— Continued

M-—Melting Point Vapor
B—Boiling Point Specific Refractive  Pressure
F—Flush(-‘Pomt Gravity Index (mm. Hg)

Name at 20°C, at20°C. at20°C.
Methyl carbanilate M 47 (l .251
19°)
Methyl ‘' Cellosolve' oleate B 235-65 0.900
(5 mm,)
Methyl cyclohexanol oxalate B 200.0 1035 10
Methyl ether of diethylene glycol acetate F 200° F 1.035 1.4244 1.0
190 (26°) (30%)
Methyl n-hexyl ketone M 21.6 0.820 1.4161 3
F 160° F (30°)
B 169
Methyl phthalyl glycollate M 35 1.220 1.5049 5
B 189.0
Monoglyceryl salicylate M 76 1.366
a-Naphthyl acetate M 44.8
B-Naphthyl acetate M 68.5
Octodeca alcohol M 59 0.850 1.462
B 210.0
Octodeca oleate B 120 0.884 1.465
Octyl acetate F 180° F 0.8733 0.3
B 199.0
n-Octy! alcohol F 185° F .8344 1.432 0.3
B 184.3
Octyl (2-ethyl hexyl) acetate F 180° F 0.873 1.4300 1.0
B 195.0 (30°)
Octyl (2-ethyl hexyl) alcohol F 178°T* 0.834 1.4300 1.0
B 182 (30°)
Phenyl benzoate M700 1235
B 314.0 (31°)
Phenyl p-toluene sulfonate M 95
o-Phthalic acid M 19 1.593
o-Phthalic anhydride M 130.8 1.527
B 284.5 (4°)
Phthalide M 65-73 1.1636  1.53560
B 290.0 (99.1°) (99.1°)
Pine oil (heavy). F 200°F 0.937—
B 211 0.942
n-Propyl carbamate M 53
B 194-6
n-Propyl carbamilate M 57-9
Propylene glycol F 230°TF 1.0381 0.1
B 187.3
Terpenyl acetate B 220-231 0.961 1.4650 0.1
37.6°)
Terpineol B 2211 0.936 1.4788 5.9
(25°) (84°)
Tetradeca acetate B 160-185 0.845 1.437
Tetradeca alcohol F 38
B 167
Tetrahydronaphthalene M 12.5 0.972 1.45461 -1
F 180°F (30%)
B 196
Thymol M SL.S 0.969 1.52269
B 231.8 (24.4°)  (24.4°)
p-Toluenesulfanilid M 103.0
Triacetin F 133 1.165 1.4306
B 258
Triamyl borate B 250-260 (()i;é.; 1.42
[ o
Tribenzyl phosphate M 64



Name
Tributyl phosphate
Tricresyl phosphate
Triethanolamine
Triethylene glycol

a-Trinaphthyl phosphate
B-Trinaphthyl phosphate

Triphenyl phosphate
o-Triphenyl phosphate

Urea

PLASTICITY

M—Melting Point

B—DBoiling Point

F—Flash-Point
°C

B 180.0

M111.0
F 220.0
M 52.0
B 260.0
M49.9
B 320

M 132.7

Literature References

1 Bmwn, B. K, Ind. Enq Cht‘m 17, 568 (1925).
2 Gracbe, C., B(r, 16, 8060 (188

3. Nobel, A, "British Patent 15, 914 (1894).

4 Messcr, H J. Soc. Chem. Ind, 50, 386T (1931).
i. Jenkins, W J. Industrial (homlst 9, 204-7 (1933)
7

Durrans, T H, Chem Age (L umion), 29, 605-6 (1933); Chem. Trade J., 80, 251-2

[ \stman l\ndak Co, Rochester, N

Smuith, H. B., and Carroll, S.

J. U,
Smllh H. B, U. S. Patent 19.30 136 (Oct,

8. Commercial Solvents (orporatnon "New Y
Swallen, L. C., and Banmster, W.

9. Monsanto Chemical Co., St. Louis,

Carswell, T. S, and Gump, W

, U,
10. I\mmbhaar W., Official Digest Federation Paint &

1176-8 (192

'3 Patentgl;)wl&s (Oct.

TABLE 5.———Plas;icwcrs—Continued

Spectfic
Gravity

at 20° C.

0.979
1.175

1.1258
1.1254

1.220

" 1.335

York. Y.
. S. ~}’ntcnt 1,835,915 (Dec.

‘arnish

Refractive

Index

at 20° C.

1.556

1933).

1931).

S Patent 1,916,604 (July 1933).
Production

11, Krm, A., Pamnt Varnish Production Mqr, 11, No. 3, No. 4, 19 (1934).
12.  Steele, L L., Ind. Eng. Chem , 19, 807 (1927).

General Refercnces

Carbide and Carbon Chemicals Corporation, New York, N. Y.
Commercial Solvents Corporation, New York, N. Y.
Eastman Kodak Co. Rochester, N. Y.

Ohio-Apex Inc., Nitro, W.
Synthetic Organic Chemicals, Eastman Kodak Co., Rochester, N. Y.,
Chem , 17, 568 (1925).

Brown, B. K, Ind I:ng.

Va

Carswell, T S Plastics, 5, 801 497-9 (1929)

Grosvcnnr, W. M “T 1ble of (hcml("\l 'md Physical Properties of Solvents and Plasticizers.”
Plastics Publications, Inc, New York, N.

Hofmann, H E., and Red, E. W Ind. ]"n(l Chem , 21, 955 (1929).

Keyes, D. B, Ind Eng. Chcm 19, 558 (1925)

Sanderson, J McE Paint, Ol Clu‘m Rev, 96 No 10, 8-11 (1934).

1V, May 1931.

41

Vapor
Pressure
(mm, H )
at 20°

20
13
0.1

0.1

20

(1927).

Cilubs, 21,



Chapter 4

Vapor Pressure, Evaporation Rate, Boiling Point

Matter, in whatever form it may exist, exerts a vapor pressure. We
are all familiar with the fact that liquid perfumes, certain solids like
camphor, menthol, naphthalene and other substances expel odors, making
it evident that their vapor molecules have found the way to our nostrils.
We have also observed that ice and snow, at temperatures below the melting
point of ice, will gradually disappear owing to evaporation. Even such
solids as marble and quartz give off vapors. But these have such extremely
low rates of evaporation that it would take countless centuries before a
small part would disappear. Instruments available today are much too
crude to measure such low rates of evaporation. Should we confine a
substance like alcohol in a closed vessel, molecules of alcohol would
begin to lecave the liquid and accumulate above it. These liberated
particles are now typical gas molecules and exert a pressure on all sides
of the container. Should we keep external forces constant and allow the
alcohol to evaporate, a state of equilibrium would be reached wherein
the number of molecules leaving the liquid would equal the number falling
hack into the liquid. This pressure excrted by the alcohol molecules above
the liquid is called the vapor pressure. This expression, in mcasured
terms, indicates the tendency of a substance to pass into a vapor. Il a
liquid or solid is not confined to a certain area, the vapors arc carried away
and the rate of evaporation is influenced by:

1. Temperature of the substance.

2. Temperature of surrounding area.

3. Rate of external heat supplied.

4. Conductivity of heat.

5. Specific heat of the substance.

6. Latent heat of evaporation.

7. Number and type of molecular aggregates.
Sutface tension.

9. Presence of dissolved substances.

10. Atmospheric pressure.

11. Presence of water vapor (humidity).

12. Vapor pressure or pressures of the substance or substances
under consideration.

13. Amount and rate of temperature depression.

14. Molecular weight of substances.

15. Method and speed in removal of vapors.

42
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16. Depression of vapor pressure.
17. Viscosity.

Some of the rules for calculating vapor pressurc are:

1. Clapeyron equation and modified forms,

2. Trouton’s rule.

3. Hildebrandt curves.

4. Raoult’s law.

5. Henry's law.

.: lO:!M

'

.

3 -

.

3

:

.

:

. Q
!J
X
E,
¥ \
2 AN
g r\
E‘
1 2 N S
Se A - 8
: &\ AL

s S N . \

. " S U R\ W b PN

40 230 220210 200 190 180 |70 I60 150 140 130 20 uov 100 90 80

TEMPERATURE IN DEGREES CENTIGRADE

Figure 1. Vapor Pressure of Various Solvents at Diffecrent Temperatures.®

Although the properties of mixtures are not so well understood, there
arc indications that the vapor pressure, evaporation rates and volatility
are interrelated. A knowledge of these factors is essential in the
separation of liquids by fractional distillation. This is especially true
in the proper usc of lacquers, varnishes and protective coatings. In the
use of lacquers and other such products, interpretations cannot be made
as adequately owing to the insufficient data available in the classification
of solvents into low, medium, high, and midway boilers according to
their boiling points. Hofmann?! has found that the rates of evaporation
are not proportional to the boiling points and that hydroxyl groups in
certain compounds retard the rate of evaporation. Alcohols evaporate
more slowly than their corresponding esters of higher boiling points.
Esters, ketones, alcohols and hydrocarbons having identical boiling points
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will have entircly different rates of cvaporation owing to the difference in
chemical structure and the type of molecular aggregates that are formed.
Hofmann ! groups mixtures of solvents into two classes.

1. Members of the same homologous series like ethyl, propyl, butyl
N acctates and so forth, or henzene, toluene, xylene and so forth.

ITydrocarbons and halogenated derivatives.
A hydrocarbon and an ester.

In the ahove cascs, the solvents evaporate simultaneously at different
rates and have no effect upon cach other. When the more rapidly evapo-
rating constituent is gone the remaining one cevaporates at a constant rate.

2. The sccond group consists of constant-hoiling mixtures formed

by two dissimilar compounds such as an alcohol and a hydrocarbon and
these generally form constant-boiling mixtures at higher temperatures.

Certain liquids, when mixed in specific quantitics, form constant-
boiling mixtures and are said to possess the property of azeotropy. The
distillate from such a boiling mixture has also the same composition as
the original mixture. The boiling point of an azeotropic mixture is
lower than that of cither of the constituent parts and the vapor pressure
is higher.
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Vapor Pressure at Various Temperatures.®

I. Methyl Formate.

II. Ethyl Formate.
I11. Iso-propyl Formate.
IV. n-Propyl Formate.

V. sec-Butyl Formate.
VI. Iso-butyl Formate.
VII. n-Butyl Formate.
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VAPOR PRESSURE, EVAPORATION RATE, BOILING POINT

First Component

Acetone
Acetone
Acetone
Acetone
Acetone
Acetone
n-Amyl alcohol
n-Amyl alcohol
n-Amyl formate
n-Amyl formate

Benzene

Benzene

Benzene

Benzene

Benzene

Benzene

Benzene

Benzene

Bromoform
Bromoform
Bromoform

n-Butyl acctate
n-Butyl acetate
n-Butyl acctate
n-Butyl acetate
n-Butyl alcohol
n-Butyl alcohol
n-Butyl alcohol
n-Butyl alcohol
n-Butyl alcohol
n-Butyl alcohol
n-Buty! alcohol
n-Butyl alcohol
n-Butyl alcohol
n-Butyl alcohol
sec-Butyl alcohol
sec-Butyl alcohol
tert-Butyl alcohol
tert-Butyl alcohol
tert-Butyl alcohol
tert-Butyl alcohol
Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride
‘Cellosolve”
Chlorbenzene
Chlorbenzene
Chlorbenzene
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Cyclohexane

TABLE 6.—Constant-Boiling Mixtures

b3
34.0
20.0
38.0
97.5
64.4
86.5
94.3
7.5
57.0
71.6

55.0
68.0
19.0
91.0
67.0
60.0
62.0
83.0
96.6
97.9
93.6
54.0
48.0
60.0
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Second Component

Carbon disulfide
Chloroform
Diethylamine
Isoamyl acetate
Methyl acetate
Methyl alcohol
Isoamyl acetate
Isoamyl propionatc
n-Amy]l alcohol
Water
Cyclohexane
Ethyl alcohol
n-Hexane

Isobutyl alcohol
Isopropyl alcohol
Methyl alcohol .
Methyl! ethyl ketone
n-Propy! alcohol
Ethyl alcohol
Isopropyl alcohol
Methyl alcohol
n-Butyl alcohol
Isopropyl alcohol
n-Propyl alcohol
Water

n-Butyl acctate
n-Butyl formate
Chlorobenzenc
Cyclohexane
Ethyl isobutyratc
Methyl isovalcrate
Perchlorethylene
Tetrachlorethylene
Toluenc

Water

Ethy! propionate
n-Propyl acctate
Benzene
Ethylbutyrate
n-Methyl butyrate
n-Propyl acctate
Allyl alcohol
tert-Butyl alcohol
Ethyl acetatc
Ethyl alcohol
Isopropyl alcohol
Methy! alcohol
Methy! ethyl ketone
Methyl propionate
n-Propyl alcohol
Water

n-Butyl alcohol
Isoamyl alcohol
n-Propyl alcohol
Acetone

Ethyl alcohol
n-Hexane

Methyl acetate
Methy! alcohol
Benzene

% By
Weight
66.0
80.0
62.0
2.5
35.6
13.5
5.7
22.5
43.0
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VAPOR PRESSURE, EVAPORATION RATE, BOILING POINT

TaABLE 6.—Constant-Boiling Mixtures— Continued

First Component

Cyclohexane
Cyclohexane
Cyclohexane
Cyclohexane
Cyclohexane
Cyclohexane
Cyclohexanol
Cyclohexanol
Cyclohexanol
Cyclohexanol
Cyclohexanol
Cyclohexanol
Cyclohexanol
Cyclohexanol
Cyclohexanone
Cyclohexanone
Cyclohexanone

Dichlorobromomethane
Dichlorobromomethane
Dichlorobromomethane
Dichlorobromomethane
1,1-Dichloroethane
Dichlorethylene
Dimethyl carbonate
Dimethyl ketone
Dioxane

Dioxane

Dioxane
Epichlorhydrin
Epichlorhydrin
Epichlorhydrin
Epichlorhydrin
Epichlorhydrin
Epichlorhydrin
Epichlorhydrin
Ethanol

Ethanol

Ethano!

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethyl acetate
Ethyl acetate
Ethyl acetate
Ethyl acetate
Ethyl acetate
Ethyl acetate
Ethyl acetate
Ethyl ether

% By
Weight
90 0
700
86.0
670
63.0
80.0
41.0
70.2
45.0
18.5
69.9
36.0
35.0
5.2
56.0
55.0
39.0

59.6
81.8
50.9
70.1
91.8
825
771.7
259

2.5
800
40.0

300
57.0
80.9
39.4
217
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Second Component

1-Butyl alcohol
Ethyl alcohol
Isobutyl alcohol
Isopropyl alcohol
Methyl alcohol
n-Propyl alcohol
Camphene
Cymene

Furfural

Isoamyl butyrate
Isoamy! propionate
Pentachloroethance
Pincne

m-Xylene
Camphor
Tetrachloroethanc
Trichlorhydrin

Ethyl alcohol
Isobutyl alcohol
Isopropyl alcohol
n-Propyl alcohol
Ethyl alcohol
n-Propyl alcohol
n-Propyl alcohol
tert-Amyl ketone
Isoamyl alcohol
Water

m-Xylene
tert-Amyl alcohol
n-Butyl alcohol
Isoamyl alcohol
Isobutyl alcohol
n-Propyl alcohol
Tetrachloroethylene
Toluene

Benzene

Carbon disulfide
Carbon tetrachloride
Chloroform
Cyclohexane
Ethyl acetate
Ethyl bromide
n-Heptanc
n-Hexane

Methyl ethyl ketone
Methyl propionate
Perchlorethylene
n-Propyl formate
Tetrachlorethylene
Toluene
Trichlorcthylene
Water

tert-Butanol
Carbon disulfide
Carbon tetrachloride
Ethanol
Isopropanol
Methanol

Water

Carbon disulfide

% By
Weight
100
30.0
140
33.0
37.0
20.0
59.0
29.8
55.0
81.5
30.1
64.0
65.0
94.8
44.0

49

Boiling
Point
C)
79.8
64.9
78.1
68.6
54.2
743

152.0

159.0

156.0

155.0

157.7

158.0

150.0

138.9

151.0

159.0

160.0

75.5
89.3
78.0
86.4
54.5
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VAPOR PRESSURE, EVAPORATION RATE, BOILING POINT

TaBLE 6.—Constant-Boiling Mixtures—Continued

. % By
First Component Weight
Ethyl ether 44.5
Ethyl ether 98.9
Ethyl formate 37.0
Ethyl formate - 84.0
Ethylene bromide 44.9
Ethylene bromide 89.9
Ethylene bromide 10.1
Ethylene bromide 41.7
Ethylene bromide 824
Ethylene chlorhydrin 42.0
Furfural 40.0
Furfural 55.0
Furfural 38.0
Isoamyl acetate 50.0
Isoamyl alcohol 36.0
Isoamy! alcohol 19.0
Isoamyl alcohol 97.5
Isoamyl alcohol 260
Isoamyl alcohol 19.0
Isoamyl alcohol 49.3
Isoamyl alcohol 534
Isoamyl alcohol 59.6
I[soamyl alcohol 51.3
[soamyl formate 74.0
Isoamyl formate 79.0
Isobutyl acetate 53.0
Isobutyl acetate 55.0
[sobutyl acetate 71.0
[sobutyl alcohol 9.5
Isobutyl alcohol 14.0
Isobutyl alcohol 44.5
Isobutyl alcohol 67.0
Isopropyl acetate 47.7
[sopropyl acetate 90.0
Isopropyl alcohol 55.0
Isopropyl alcohol 32.4
Isopropyl alcohol 8.1
Isopropy! alcohol 18.0
Isopropy! alcohol 4.2
Isopropy! alcohol 66.5
Isopropyl alcohol 36.0
Isopropy! alcohol 32.8
Isopropy! alcohol 36.0
Isopropyl alcohol 27.6
Isopropyl alcohol 22.9
Isopropy! alcohol 45.0
Isopropyl alcohol 22.2
Isopropyl alcohol 33.0
Isopropyl alcohol 17.1
Isopropyl alcohol 76.5
Isopropyl alcohol 523
Isopropyl alcohol 10.0
Isopropyl alcohol 30.0
Isopropyl alcohol 3.1
Isopropyl alcohol 28.2
Isopropyl alcohol 16.0
Isopropyl alcohol 3.9
Isopropyl alcohol 80.6
Isopropyl alcohol 68.6
Isopropy! alcohol 28.0

Second Component

Methyl formate
Water

Carbon disulfide
Methyl alcohol
Acetic acid
Ethylbenzene
Isoamy]l alcohol
Isobutyl alcohol
Propionic acid
Water
Camphene
Cyclohexanol
Pinene
m-Xylene
Chlorobenzene
Epichlorhydrin
Isoamyl acetate
Isoamyl formate
Tetrachlorethylene
Ethylbenzene
m-Xylene
0-Xylene
p-Xylene
Isoamy] alcohol
Water

n-Butyl alcohol
Isobutyl alcohol
Water

Benzene
Cyclohexane
Toluene

Water
Isopropanol
Water
Acctonitrile
Benzene

Carbon disulfide
Carbon tetrachloride
Chloroform
Chlorpicrin

1-3 Cyclohexadiene
Cyclohexane
Cyclohexene

Dichlorbromomethane

Ethyl acetate
Ethylene dichloride
n-Hexane

Isobutyl bromide
Isobutyl chloride
Isobutyl iodide
Isopropyl acetate
Isopropyl ether
Methyl ethyl ketone
Methyl iodide
Methyl propionate
n-Propyl bromide
n-Propyl chloride
Tetrachlorethylene
Toluene
Trichlorethylene

Wheight

55.5

1.1
63.0
16.0
55.1
10.1
89.9
58.3
17.6
58.0

60.0
45.0
62.0

50.0
64.0
81.0

2.5
74.0
81.0
50.7
46.6
404
48.7
26.0
210
47.0
45.0
29.0
90.5
86.0
55.5
33.0
52.3
10.0
45.0
67.6
91.9
82.0
95.8
33.5
64.0
67.2
64.0
72.4
77.1
55.0
77.8
67.0
82.9
235
47.7
90.0
70.0
96.9
71.8
84.0
96.1
194
31.4
72.0

51
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28.2
34.1
30.4
510
114:35
131.1
1232
106.2
127.75
96.0

147.0
156.0
143.0

136.0
124.3
115.4
131.3
123.6
116.0
125.9
127.0
128.0
126.0
123.6
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TaBLE 6.—Constant-Boiling Mixtures—Continued

Boiling
% By % By Point
First Component Weight Second Component Weight “C)
Isopropyl alcohol 87.7 Water 12.3 80.4
Isopropyl ether 200 Acetone 80.0 53.6
Isopropyl ether 70.0 Chloroform 30.0 68 5-
69.5
Isopropyl ether 85-90 Ethyl alcohol 10-15 63.0
Isopropyl ether 90.0 Isopropanol 10.0 64.8-
64.9
Methyl acetate 45.0 Acetone 55.0 56.1
Methyl acetate 30.0 Carbon disulfide 70.0 40.2
Methyl acetate 30.0 Isopropyl alcohol 70.0 71.3
Methyl acetate 81.0 Methy! alcohol 19.0 54.0
Methyl alcohol 15.0 Acetone 850 55.9
Methyl alcohol 40.0 Benzene 60 0 583
Methyl alcohol 200 Carbon disulfide 800 37.6
Methyl alcohol 37.0 Carbon tetrachloride 63.0 54.2
Methyl alcohol 20.0 Chloroform 800 64.7
Methyl alcohol 37.0 Cyclohexane 63.0 542
Methyl alcohol 11.4 1,1-Dichloroethane 88.6 49.05
Methyl alcohol 80.0 Ethyl acetate 20.0 62.3
Methyl alcohol 160 Ethyl formate 84.0 51.0
Methyl alcohol 620 n-Heptane 38.0 60.5
Methyl alcohol 270 n-Hexane 73.0 50.0
Methyl alcohol 19.0 Methyl acetate 81.0 54.0
Methy]l alcohol 70.5 Methylcyclohexane 29.5 60.0
Methyl alcohol 91.8 n-Propyl formate 8.2 63.7
Methyl alcohol 36.0 Trichlorethylene 64 0 60.2
Methy! alcohol 67.3 Trimethyl borate 32.7 590
Methyl ethyl ketone 31.5 Benzene 62.5 78.4
Methyl ethyl ketone 34.0 Carbon disulfide 66.0 39.2
Methyl ethyl ketone 29.0 Carbon tetrachloride 710 73.8
Methyl ethyl ketone 400 Ethyl alcohol 60.0 74 8
Methyl ethyl ketone 260 Isoamyl formate 740 1236
Methyl ethyl ketone 300 Isopropyl alcohol 700 71.3
Methyl ethyl ketone 86.0 Methyl alcohol 140 559
Methyl ethyl ketone 52.0 Methyl propionate 480 79 25
Methyl ethyl ketone 550 Propyl formate 45.0 79.45
Methyl ethyl ketone 88.6 Water 114 73.6
Methyl formate 64.1 Ethyl bromide 35.9 29.9
Methyl formate 56.4 Ethyl ether 43.6 283
Methy! propyl ketone 39.0 Methy! cyclohexanc 61.0 100.6
Methyl propyl ketone 36.5 n-Propyl acetate 63.5 101.35
Pentachlorethane 85.0 Clycol 15.0 154 5
Perchlorethylene 48.0 a-Epichlorhydrin 520 110.0
Perchlorethylene 190 Ethyl alcohol 81.0 780
Perchlorethylene 81.0 Isoamyl alcohol 19.0 116 0
Perchlorethylene 60.0 Isobutyl alcohol 40.0 1030
Perchlorethylene 46.0 n-Propyl alcohol 540 94.0
n-Propyl acetate 66.8 tert-Amyl alcohol 33.2 98.5
n-Propyl acetate 43.0 Carbon tetrachloride 57.0 74.7
n-Propyl acetate 77.0 Isopropyl alcohol 230 74.8
n-Propyl acetate 60.0 n-Propy! alcohol 50.0 94.2
n-Propyl acetate 860 Water 14.0 82.4
n-Propyl alcohol 16.9 Benzene 83.1 7712
n-Propyl alcohol 11.5 Carbon tetrachloride 88.5 72.8
n-Propyl alcohol 20.0 Cyclohexane 80.0 74.3
n-Propyl alcohol 57.0 Diethyl ketone 43.0 94.9
n-Propyl alcohol 54.0 Tetrachlorethylene 46.0 94.0
n-Propy! alcohol 51.1 Ethyl propionate 48.9 93.4
n-Propyl alcohol 4.0 n-Hexane 96.0 65.6
n-Propyl alcohol 71.1 Methyl butyrate 28.9 94.2
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TaBLE 6.—Constant-Boiling Mixtures—Conlinued

First Component

n-Propyl alcohol
n-Propyl alcohol
n-Propyl alcohol
n-Propyl alcohol
n-Propyl alcohol
n-Propyl alcohol
n-Propyl alcohol
n-Propyl alcohol
n-Propyl formate

Tetrachlorethanc
Tetrachlorethane
Tetrachlorethane
Tetrachlorethylene
Tetrachlorethylene
Tetrachlorethylene
Tetrachlorethylene
Tetrachlorethylene
Tetrachlorethylene
Tetrachlorethylene
Toluene

Toluene

Toluene

Toluene

Toluene

Toluene
Trichlorcthylene
Trichlorethylene
Trichlorethylene
Trichlorethylene
Trichlorethylene
Trichlorethylene
Trichlorethylene
Trichlorethylene
Trichlorethylene

1,1,2-Trichlorethylene

Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
m-Xylene
m-Xylenc
0-Xylene
p-Xylene

B
&Iggt
24.8
80.0
74.0
54.0
62.6

9.8
77.4
707
480

DO = = Lo B
RONW = O
WO W Lo =

Second Component

Methyl 1sobutyrate
Monochlorbenzene
n-Octane
Perchlorethylene
n-Propyl acetate
n-Propyl formate
Toluenc

Water

Benzenc

Cyclohexanone
Glycol

Isoamyl acetate
n-Butyl alcohol
Diethyl carbonate
Ethyl alcohol ,
Isoamy! alcohol
Isobutyl alcohol
Isopropyl alcohol
n-Propyl alcohol
n-Butyl alcohol
Epichlorhydrin
Ethyl alcohol
Isobutyl alchol
Isopropyl alcohol
n-Propyl alcohol
Allyl alcohol
tert-Amyl alcohol
tert-Butyl alcohol
Ethyl alcohol
Isobutyl alcohol
Isopropanol
Mecthanol
n-Propyl alcohol
Water

Ethyl alcohol
n-Butyl alcohol
sec-Butyl alcohol
tert-Butyl alcohol
Ethyl acetate
Ethyl alcohol
Ethyl ether
Isoamyl alcohol
Isobuty! alcohol
Isopropyl alcohol

Methyl ethyl ketone

n-Propyl alcohol
Isoamyl acctate
Isoamyl alcohol
Isoamyl alcohol
Isoamyl alcohol

B Ii,oihr;g
o1n
\Zoeigly;t ©C)
75.2 89.3
20.0 96.5
260 95.0
46.0 94.0
37.4 94.0
90.2 80.6
22.6 95.0
28.3 87.7
52.0 72.0
55.0 159.0
9.0 1450
320 150.0
33.5 110.0
26.0 118.55
813 77.95
19.3 116.0
40.2 103.05
80.7 81.7
53.5 94.0
32.0 105.5
26.0 108 3
68.0 76.7
44.0 101.1
69.0 80.6
49.0 92.6
16.0 80.9
120 84.0
140 75.0
270 70.9
8.0 85.4
27.0 74.0
360 60.2
170 81.7
7.0 71.8
64.8 77.3
627 92.25
68 0 88.5
883 79.91
939 70 4
95.6 78.2
98.7 34.15
724 87.0
66.9 89.92
77 8 80.37
89.1 73.45
7.7 87.72
54.0 136 0
53.0 127.0
60.0 128 0
51.0 126.8

Rates of evaporation are accelerated by the corresponding increase in
vapor pressure which is brought about by the formation of azeotropic
mixtures. A higher rate of evaporation causes excess chilling. In
coatings of lacquer, varnish, paint and so forth, where the depth of the

solution is small, blush or precipitation may occur,

If the azeotropic

mixture consists of a solvent and a non-solvent, these two substances, in



54 INDUSTRIAL SOLVENTS

evaporating, leave the mixture as one substance. It follows, therefore,
that should a larger quantity of the active solvent, in these and other
mixtures, leave before the non-solvent, precipitation or blush will occur.
To prevent this undesirable occurrence, an excess of non-solvent, of the
type that will evaporate at an early stage in the process, should be used
in the mixture, or care should be taken not to mix liquids which are
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Ficure 8. Evaporation Rate of Various Solvents at Room Temperature.

likely to form azeotropic mixtures. With the addition of medium- or
high-boiling solvents, the vapor pressure of the mixture is reduced and
the rate of evaporation is consequently retarded. This reduction in the
rate of evaporation is accordingly dependent upon the evaporation rate
of each constituent in the mixture, the amounts present, and the
molecular aggregates that are formed. The vapor pressure is a function
of the size of the molecule and this is shown by the fact that of two
substances with the same boiling point, the one with the lower molecular
weight will cause a larger reduction in evaporation rates. The function
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of a mixture where azeotropic properties are not present is determined
by its vapor, and by the amounts of the constituents.

The rate of evaporation of a drying film of varnish, paint or lacquer
becomes progressively slower. This is explained by the fact that when
the volatile solvent leaves the molecular aggregate, the secondary bonds
of attraction are set free momentarily. These momentarily free secondary
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TFroure 9. Evaporation Rate of Various Solvents at Room Temperature.!

valence bonds exert their force on the remaining aggregates and knit
the constituent parts closer and more firmly. These stronger bonds of
attraction consequently retard the rate of evaporation. Vaporization results
in loss of energy with consequent drop in temperature. The rate is
governed by the specific heat of the substance, latent heat of evaporation,
heat of conductivity, and the rate of heat that is supplied. Wilson 2 tells
us that the drop in temperature is a function of the vapor pressure and
the latent heat of evaporation when other variables are held constant.
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Determinations in blush resistance are similar to dilution ratio values,
with the onc difference that blush measurements are made with blush
producing liquids rather than with precipitants as is found in dilution
ratio determinations. Such solvents as cthyl lactate, diacetone, ethyl
alcohol, chlorhydrin, and other high-boiling solvents which retain their
solubility in the presence of a small quantity of water diminish evapora-
tion rate, prevent or delay blush, precipitation, or chilling. King and
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Ficure 10. Evaporation Rate of Various Solvents at Room Temperature.’

Smedley 3 have developed a method for detecting constant evaporating
mixtures by means of the Abbé refractometer, They have discovered
a mixture of chloroform and alcohol which will evaporate at a constant
rate and will evaporate more rapidly than either component. These
workers have classified solvent mixtures into two groups, one of which
forms an ideal mixture with normal properties and the other exhibits
abnormal properties.
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Generally the addition of one solvent to another produces a gradual
increase in vapor pressure until the maximum is reached when, at this
point, there is an accompanying fall. There are many instances, however,
where the reverse is true; for example, the gradual addition of acetone
to chloroform produces a diminution of vapor pressure until a minimum
is reached and then an increase becomes evident. Upper and lower
limits are governed by the percentages of constituents in the mixture.
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Figure 11. Evaporation Rate of Various Solvents at Different Temperaturcs.*

Hofmann ! has correlated evaporation and distillation curves with the

following interpretations:

1. Straight evaporation curves and straight (flat) distillation curves are
possible only with pure compounds.

2. Curved evaporation curves and flat distillation curves indicate constant
boiling mixtures.



1. Methyl acetate ...ovvvvinniennsns. 82% 27. n-Butyl acetate ...... e . 90%
2, Acetone ... ... tieiiiaiiriianaan 99 28. Mesityl oxide +..... Ceieaa voes 86
3. Methylacetone (acetone 48 per cent, 9. Methyl n-butyl ketone .une il 87
methyl acetate 28 per cent, metha- 30. Xylene ...oouovviviiininn v ieiinn —
nol 24 per cent).......ovuuuunnn - 31, Isobutanol .......cevvvvvvrinunnans 99
4, Cyclohexane .......... 32. scc-Amyl acetate ........i0.00e.n 92
5. Benzene .............. 33, sec-Hexyl acetate ................ 98
6. Ethylene dichloride .... 34. Amyl acetate, mixed 1omers....... 84
7. Ethyl acetate ............... 35. m-Butyl propionatc ...........ve... 99
8. Mecthanol (anhydrous) . 36, Hi-Flash naphtha ................ -
9. Mecthyl ethyl ketone ....... ...... 37. Mcthyl “Cellosolve” ...... Ceeeiis 99
10. lsopropyl acetate ..... ........ 38. Dipropyl ketone ..............00n 99
11. Ethyl propionate ..... 39. Mecthyl amyl acctate .....cvvunnnnn 95
12. Ethanol (anhydrous) 40, Steam-distilled turpentine —
13. Methyl propyl ketone 41, n-Butanol .......... e s
14. Isopropanol (anhydrous) . 42, sec-Amyl alcohol ... ............
15. Diethyl ketone ........... 43. Gum spirits of turpentine
16, Petroleum naphtha ............... 44, Methyl n-amyl ketone .....
17. Toluene +.vevirvevvvinvenninannes — 45, Solvesso No, 2 ...... [ e —
18, Solvesso No. 1 ..uveun.nn e e — 46. Amyl alcohol, mixed 1somers....... 99
19. sec-Butyl acetate ..... ........ .. 82 47. Methyl amyl "aleohol vevriiiniinnnn 99
20. Hexone (methyl isobutyl ketonc) .99 48, “Cellosolve” .. oveevrrinrerenennns 99
21, Isobutyl acetate ........ 96 49, Methyl “Cellosolve” acetate .. .... 99
22, Ethyl butyrate ......... ....... 99 50. Cyclohexanone .............. 67
23. Diethyl “Cellosolve” .............. 95 51, Isopropyl ‘“Cellosolve” .... ..... 97
24, Diethyl carbonate ............. .91 52. Hexyl (2-ethyl butyl) acetate . ... 91
25. sec-Butanol .....i.iiiiiieia., .99 53. “Cellosolve’” acetate ............ .. 96
26. Monochlorobenzene .............. . —_

INDUSTRIAL SOLVENTS

Curved evaporation and distillation curves show the behavior of the
so-called ideal mixture of similar compounds.

Straight evaporation curves and curved distillation curves are indica-
tive of constant-cvaporating mixtures.
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Ficure 12. Relative Evaporation Rates of Fast to Intermediate Evaporating

Liquids at Room Temperature.®
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TasLe 7A.—Evaporation Rates

Based'on
n-butyl
Percentage acetate
Evaporated equal to
Solvent 1 %/ hourss 100.0+
ACClOonNe oo e 100/0.72 1365
Acctonylacetone.......... ...l 100/200.0
Amylacetate. . ......oovviiiiin i
Amyl acctate (mixed isomers) ............. 100/16.0 59
sec-Amylacetate. .............. i 96
Amy]l alcohol (mixed isomers).............. 100/23.5 35
sec-Amyl alcohol.......................... 100/18.5 47
Benzene ............... i i, 100/1.26
Benzylalcohol..................cooviun.. 50/500.0
Benzyl ether of ethylenc glycol............. hygroscopic
n-Butylacetate. ......................... 100/7.9 100
sec-Butyl acetate. ....................... 100/4.35 172-208
n-Butylalcohol.. ................ ...... 100/18.0 38.5
sec-Butyl alcohol. ... ............. ....100/6 6 128
Butyl butyrate . . ... ..... ......... 100/42 0 37.5
Butyl cther of dicthylene glycol. .. ........ 12/500.0 (hygroscopic)
Butyl ether of dicthylene (Glveol acetate ... 5/500.0
Butyl cther of ethylene glycol ..., ...... 100/130.0 8.0
Butyl ether of cthylene glycol acclate ...... 100/285.0
Butyl lactate. .. ............ccovv vuenn. 100/310 0
n-Butyl propionate................ ..., 100/16.0 61.0
Cyclohexane ....... ... .. ..o cnnn 100/1.13
Cyclohexanol. .. ....... e e e 100/225.0
Cyclohexanone.... ... .. ....coovoun... 93/47.0
Cyclohexanyl acetate . . ... ... .. ... 73/60.0
Decahydronaphthalene ............ ..... 76/60.0
Diacetone alecohol................. . ... 100/56 0
Dichlorethyl ether. . . 84/60.0
Diethyl carbonate......... 100/6.4 110
Dicthyl ether of diethylene glycol . .. .. 94/500.0
Dicthyl ether of ethylene glyeol............ 100/6 3 100
Diethyl ketone. .............coviun. .. 100/2.7
Diglycol diacetate. . ... oo 2/500.0
Diisobutyl ketonc. ...... ..... .. . ....100/44.0
Dipentene.................. ....... ... 91/60.0
Dipropyl ketone. ......covevviieinnnnn... 100/17.0
Ethylacetate.............ccovvvvvnn.n, 100/1.4 590
Ethyl acetoacetate. ..................... 485
Ethylalcohol. ......... ... ... i, 100/2.2 308
Ethyl butyrate ..................coou... 100/4 9
Ethyl ether of dicthylene glyeol. .. ........ 51/500.0 515
Ethyl ether of dicthylenc glycol acetate. .. .. 3'4/500.0
Ethyl cther of cthylene glycol — ........... 100/25.0 40
Ethyl ether of cthylene glycol acctate. ... .. 100/38.5 25.0
Ethyl lactate ..... ............ccin.... 96/36.5 221
Ethyl propionate.. ................. ... 100/2.1 425
Ethylenc dichlortde. .. ooovvo it 100/1.4 104.5
Fenchone. ..o ittt 100/103.0
Furfural ... ... o i
Furfuryl acctate
Furfuryl alcohol
Glycol diacetate
Hercosol..... ...coiiiiiiiiiiiiiiiin 93/250.0
Hi-Flashnaphtha........... ............ 100/43 0
Hexylacetate . ...........ccovvvniinn... 100/16.0 41
Hexyl (2-cthyl butyl) acetate .............. 100/32.5
Isobutyl acetate.............covvviniienn, 100/4.6
Isopropyl acetate...............cooiiunnn 100/1 6 159

sAt atmospheric pressure.
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Ficure 13. Relative Ivaporation Rates of Intermediate to Slow
Evaporating Liquids.”
1 u-Butyl acctate C90% 30. Tsopropyl lactate 99%
2 Xylene ....o.unen L 31, Furfwal ... 98
3. sec-Hexyl acetate . ... .. . 98 32. Dipentene . —
4 Amyl acetate (mixed 1somers) . 84 33 o-1hchlorobenzene —
5. n-Butyl propionate 99 34 Diacetone alcohol | .. 99
6. Methyl “Cellosolve” .99 35. 3-Methoxy butyl acetate 99
7. Dipropyl ketone ... .. 99 30 Methyl n-hexyl ketone 96
8. Methyl amyl acetate .. 95 37. Iichloroethyl ether .... 99
9. Steam-distilled tuipentine —_ 38 Decahydronaphthalene -
10. n-Butanol ....... 99 39. Cyclohexanyl acctate 79
11. sec-Amyl alcohol ..... 99 40. Hercosol L. .ooovven o L. . —
12, Gum spirits of turpentine . . — 41. Hexyl (2-cthyl butyl) alcohol .99
13. Methyl n-amyl ketone 98 42 Fenchone ...... —
14, Amyl alcohol (muxed 1somcis) 99 43. Safe-T-Ksso —
15. 1hi-Flash naphtha . — 44, Phorone ,.... .o
16. Methyl dmyl alcohol . .99 45. Butyl “Cellosolve” 99
17. “Cecllosolve” .. 99 46, Solvesso No 3 .-
18. Methyl “C c"uﬁol\c dL(llt(‘ 99 47. Cyclohexanol . 94
19. Solvesso No. 2 ..... — 48 Furfuryl acetate . 99
20. (,yclohcxanone .. . 67 49. Acctonylacetone , ...... . 95
21. lsopropyl * ‘Cellosolve” .97 50 letrahydrofurfunyl alcohol .99
22. Hexyl (2- ethyl butyl) A(Lh\h, . 9N 51. Diethyl “Carbitol” . 99
23. “Cellosolve” acetate . . . 96 52. Furfuryl alcohol .... .. 98
24. Ethyl lactate . .... 98 53 Tectrahydronaphthalene ....... —_
25. Methylcyclohexanone 74 54. Octyl (2-cthyl hexyl) acetate . 99
26. Butyl butyrate ...... 99 55. Butyl “Cellosolve” acetate . . . 99
27. V. M., P. naphtha — 56, Butyl lactate ..... .. ... .97
28. Dusobutyl ketone .. .95 57. Glycol diacetate . . 99

. Mineral spirits
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TABLE 7A.—Evaporation Rates—Continued

Solvent
Isopropyl alecohol........... ..
Isopropyl cther of ethylenc glycol
Isopropyl lactate........ . ....
Mesityl oxide. .......
Methanol (anhydrous) .
3-Methoxy butyl acetate
Methyl acctate. ....
Methyl acetone. . ..
Methyl amyl acetate
Methyl amyl alcohol
Methyl n-amyl ketone.
Methyl! ethyl ketone. . ..
Methylcyclohexone. ...... ..
Methyl ether of diethylene glycol
Methyl cether of dicthylene glycol acctate
Methyl ether of ethylene glycol . .
Methyl ether of ethylene glycol au tate
Methyl! cthyl ketone .
Methyl n-hexyl ketone ..
Methyl isobutyl ketone (hcxong)
Methy! propyl ketone
Mincral spirits.....
Monochlorobenzene
Octyl (2-cthyl hexyl) acetatc
Octyl (2-cthyl hexyl alcoho])
o-Dichlorobenzene. .
Petroleum naphtha
Phorone .
Pine o1l. .
Pine oil (hmvy)
Safe-T-Esso. ...
Solvesso No. 1

Solvesso No. 2 ' o

Solvesso No 3 . ..
Tetrahydrofurfuryl alcohol
Tetrahydronaphthalene
Toluene. ............
Turpentine (gum spirits) .
Turpentine (steam-distilled)
V.M. & P. naphtha.

Xylene ..

Per cent
Toluene 65
Butyl acetate 20
Ethyl acctate 15
Toluene 65
Butyl propionate 20+
Ethyl acctate 15
Toluene 65)
Butyl acctate 35
Toluene 65
Butyl acctate 200 ...,
Amy! acctate (mixed isomers) 15
Toluene 65
Buty! acetate 20, ...
Butyl propionate 15
Toluene 65)

Amyl acctate (mixed isomers) 35§

Based on
n-butyl
acetate

equal to

Percentage
Evaporated

% /hourss 100.08
100/2 6 159
100/32.0

.97/60.0
110

" l100/1.4
©1100/58.5
-7100/0.68 1125

.100/0.78
100/17.5
100/24.0

.100/20.0

100/51.0

55/500 0

53/500.0

100/165 56.7
100/26.0 34.1
100/1.45

88/60.0

452

..100/4.4
..100/2.45 202

100/58 0

.. 100/6.9

100/275.0

" .80/500

.100/52.5
100/2.8

..100/125.0

..52/500

. .45/500.0
...100/235.0

-.100/3.5

..100/28 0
..99.5/500.0
.. 99/500 0
...96/500.0

..100/3.5 266

.94/185

...95/170
..100/49.0
..100/13.5

Temperature
DeBresswn
E ue to
va.{mratnon

10.6
47.5
79.0

10.6

10.3
9.6

9.0

9.2

8.6
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IFigure 14, Relative Evaporation Rates of

o 300 350
TIME ~HOURS (ATMOSPHERIC CONDITIONS)

Slow to Very Slow Lvaporating

Liquids at Room Temperature.’

1. “Cellosolve” acetate ..oov covvnnn. 96% 16, Octyl (2-cthyl hexyl) acetate....... 99,
2. Hexyl (2-cthyl butyl) acctate . 99 17. Butyl “Cellosolve’ acctate .... . 99
3. Fenchone .....coovvvvnnnn .. - 18 Butyl lactate ...... 97
4, Hercosol ....cvvvivnnneeennn, — 19. Glycol diacetate . 99
5. Phorone . .c.viieiiiiiniiiiii, - - 20. Octyl (2-ethyl hexyl) alcohol . 99
6. Butyl “Ccllosolve” . 99 21, Pine o1l L. i —
7. Safe-T-EsSO vuoveveennrrnrinnnanns - 22, Methyl “Carbitol” ......... —
8. Cyclohexanol ......... ... . 94 23. Methyl “Carbitol” acetate

9. Furfuryl acetate .... . . .99 24, “Carbitol” ,.......

10. Tetrahydrofurfuryl alcohol 99 25. Benzyl alcohol ..

11. Acetonylacetone .........
12. Solvesso No. 3..
13. Furfuryl alcohol
14. Diethyl “Carbitol”
15. Tetrahydionaphthalenc

. Heavy pine oil
. “Carbitol” acetate
. Butyl “Carbitol” .,
. Butyl
. Diglycol diacctate ..
. Beneyl “Cellosolve’”

“Carbitol” acetate

TaBLe 7B.—Vapor Pressure (mm. Hg.)

Solvent 200 C. 25° C. 30° C.
Benzyl acetate <0.1 <0.1 <01
Benzyl alcohol 0. 015 02
Butyl carbitol <0.1 <0.1 <0.1
sec-Butyl chloroacetate 1.4 1.7 2.0
n-Butyl formate 226 29.4 378
sec-Butyl formate 36.0 48.1 62.5
‘“‘Carbitol” 0.14 0.21 0.29
Decalin 0.7 1.2 1.5
Dibutyl phthalate <0.1 <0.1 <0.1
Ethyl chloroacetate 37 49 67
Ethyl formate 206 S 2550 3120
Isobutyl formate 330 435 56.0
Isobutyl chloroacetate 30 4.3 56
Isopropyl formate 1120 138.5 174.2
Methyl formate 500 2 6245 7202
Methyl chloroacetate 67 9.0 11.5
n-Propyl formate 64.5 85.0 107.0
Terpenyl acetate <0.1 <0.1 <0.1

35° C. 40° C. 45° C 50° C,
<0.1 0.1 0.4 0.8
0.25 0.3 0.7 09
<0.1 <0.1 01 0.2
2.5 3.0 4.5 6.0
48 3 613 78.0 928 0
79.6 1020 126.0 155.2
0.36 0.74 1.02 1.3
1.9 2.7 3.7 4.7
<0.1 <01 <01 <0.1
8.9 11.7 152 19.5
382.0 462.0 558.0 668.0
7110 886 111.0 136.0
7.5 10.0 12.5 16.5
216.0 267.0 325.1 396.0
15.2 20.0 26.3 33.5
1340 166.2 203.5 248.0
0.1 0.14 0.17 0.2
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Chapter 5
Viscosity

Viscosity is the internal friction which causes the differences in mobil-
ity of liquids or their resistance to flow. This property of resistance to
flow is of considerable interest and importance to many industries. The
character of viscosity in the making of lacquers is deternuned by such
influences as the species of cotton used, the locality where it is grown, its
ripeness, the method which is used in making the cellulose derivative, the
pressing, the concentration, cte. For many years it had been impossible
to make nitrocellulose of low viscosity, which seriously hindered the wide-
spread use of lacquers. Worden ? lists the following procedures and sub-
stances which reduce the viscosity of cellulose ethers and esters.

The addition of solvents or solvent plasticizers such as acetone, chloro-
form, tricresyl phosphate, diethyl phthalate, dibutyl tartrate and
phenyl benzoate.

Heating the dissolved esters or ethers with or without pressure.

Treating the dry, or moist cotton derivative or its solution with dilute
acid or the acid gas.

Disintegrating cellulose or subjecting it to ultra-violet light.

Over-ripening.

Addition of cthyl alcohol containing 0.1 per cent acetic acid and then
treating with ultra-violet light.
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Ficure 15A. Viscosity® at Room Temperature:
A, }-sec. Cotlon D, 3-sec. Cotton + 10% Xylenc
B, 3-sec. Cotton + 10% Turpentine E, 3-sec. Cotton + 10% Butyl Acctate
C, 3-sec. Cotton + 10% Toluene
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Sometimes by the addition of water or acid to the solution of cellulose
ethers and esters.

Addition of gall or bile.

With the newer types of low-viscosity cottons, it is possible to load
lacquers with such material as resins, pigment and so forth, which give
the film body, strength and resistance to wear. Loading also produces
quicker setting owing to a quicker risc in consistency which is brought

TasLE 8A.—Effect of Aging on Consistency of Various Lacquerst

Kept in Room:

— ———Kept in Incubator——

——Consistency-——— ~——Consistency——
May 16, August 8, May 16, August 8,
1927 1927  Reduction 1927 1927  Reduction
No. Description of Lacquer Seconds  Seconds Per Cent Seconds Seconds Per Cent
1 Blank (109, nitrocellulose in solvents) 124a 105 s 124 92 26
2 Blank (10% nitrocellulose in solvents) 124 103 17
3 Blank 0.1%, pyridine 106 67 36
4 Blank in tin can 131 111 16 134 97 28
5 Blank + 0.29%, urea 123 110 11 123 92 26
6 Blank 4 0.29%, urea 122 110 11 122 92 26
7 Blank 4 0.29%, urea 122 109 11 122 90 26
8 Blank + 029, urea 125 117 7 126 199 22
9 Blank + 5% ZnO 150 105 30
10 Blank + 5% T102 + BaSO4 pigment 119 107 10
11 Blank + 2 5% chrome yellow pigment 128 111 12
12 Blank + 1.2% Prussian blue pigment 121 105 13
13 Black auto lacquer 118 99 15
14 10 grams cotton + 40 cc. butyl acetate
~+40 cc. toluene + 20 cc. butylalcohol 217 206 4 217 171 21
15 Adherence standard 120 110 8 120 93 23
16 Commercial brushing lacquer 1 . 79 68 14
17 Commercial brushing lacquer 2 135 103 20
18 Blank + 20% Ester gum 122 80 35
19 Blank + 209 Dammar 130 110 15
20 Blank + 5% butyl phenolate 116 101 13
21 12 grams cotton in 100 cc. butyl acetate 159 135 15
22 12 grams cotton in 100 cc ethyl acetate 80 69 13

aThe original value 1n each test was taken approximately 1 week after the solutions were made.
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about by the evaporation of the solvent mixture. A shorter setting time
is effected by increased loading. This establishes an interrelation between
the degree of loading, viscosity and sctting time. Viscosities in spraying
lacquers must not be high since they will require high spraying pressures
which produce undesirable behavior in the lacquer.

TaBLE 8B
,—-—‘Scries T1—45 Dayss— ~ ——Series [[—125 Dayss——
——Consistency—— ¢—(,on:19tency—-—\
X Apnl 30, June 16, March 10, Ju]y 16,
No. Description of Lacquer 1925 1925 Reduction 1926 1296 Reduction
cc. Seconds Seconds Per cent Seconds Seconmds Per cent
24 grams 1/z-second nmitrocellulose in:
1 Butyl acetate 200 100 75 25 273 215 21
2 Ethyl acetate 200 49 317 24 138 112 19
3 Diacetone alcohol 200 253 169 33
4 Ethyl lactate 200 211 170 20
5 Butyl acetate 100
<+ toluene 100 126 96 25 409 316 21
6 Butyl acetate 160
=+ toluene 140 140 105 25 748 545 27
7 Butyl acetate 100
+ benzene 100 134 107 20 433 321 26
8 Butyl acetate 100
+ ethyl alcohol 100 113 97 14 295 239 22
9 Butyl acetate 100
=+ butyl alcohol 100 168 135 20 476 242 49
10 Butyl acetate 150
+ Ester gum, 509, 48 203 148 27 688 460 33
11 Butyl acetate 150
Dammar, 50% 48 137 83 40 375 283 25
12 Butyl acetate 200
+ tricresyl phosphate 12 102 82 20
13 Butyl acetate 200
Butyl phenolate 12 126 101 20 336 246 27
14 Butyl acetate kem in incubator
at 97° F. (36° C) 200 114 76 33 415 186 55
12 grams 12-second nitrocellulose in:
15 Rutyl acetate 300 125 95 24
16 Ethyl acetate 300 59 46 22
17 Diacetone alcohol 300 203 157 23
18 Ethyl lactate 300 246 209 15
19 Butyl acetate 150
-+ toluene 150 200 124 38
20 Butyl acetate 300
+ lactic acid, 0.5%, 120 098 18
21 Butyl acetate 300
+ acetic acid, 0.59, 127 83 35
22 Butyl acetate 300
+ nitric acid, 0.5% 108 90 17
23 Butyl acetate 300
4+ ammonium hydroxide, 0 17% 116 46 60
24 Butyl! acetate 300
saturated with urea 106 78 26 415 375 5
25 Butyl acetate 300
+ tricresyl phosphate, 6 grams 155 80 48
26 Butyl acetate 300
+ butyl phenolate, 6 grams 133 85 36
27 Butyl acetate kept in sunlight 300 125 77 42

28 100 cc. 4-second stock solution
+ 50 cc. ethyl acetate + 50

cc. benzene 166 148 11
29 70 cc. Vs-second nitrocellulose stock
-+ 80 cc. ethyl acetate + S0

cc benzene 523 520
30 24 grams. A.S. nitrocellulose in 200 ;
cc. ansol 215 157 20

31 24 grams !/z-second mtrocellulose in
200 cc. butyl acetate (80%

saturated with H20) 101 95 6
32 12 grams 12-second mitrocellulose in
300 cc. butyl acetate +- § cc.

NaOH in buty! alcohol 84 52 38
33 24 gramz(;/z-segondl mtroce]lilose in
cc. butyl acetate +- 100 cc.

toluene + 0.05 gram pynidine 427 210 51

aAll tests made 1n the dark, except where otherwise spectfied.
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TaBLE 9.—Viscosity (in Centipoises) of Various Substances*

Acetaldehyde
Acetamide

Acetic anhydride
Acetone
Aceto-nitrile
Acetylene dichloride
Acetylene tetrachloride
Allyl alcohol
n-Amyl acetate
n-Amyl alcohol
sec-Amyl alcohol
tert-Amyl alcohol
Amyl butyrate
Amyl caproate
Amyl propionate
Amyl valerate
Aniline
Benzaldehyde
Benzene
Benzonitrile
Benzyl acetate
Benzyl alcohol
Benzylamine
Benzyl benzoate
Butyl acetate
n-Butyl alcohol
tert-Butyl alcohol
n-Butylamine
Butyl caproate
n-Butyl formate
Butyl valerate
n-Butyric acid
Carbon disulfide
Carbon tetrachloride
Chloroform
Cyclohexanol
Cyclohexanone
Cyclopentanone
Diethylamine
Diethyl oxalate
Dicthyl phthalate
Diethylene glycol
Diphenyl ether
n-Dipropyl ketone
a-Epichlorhydrin
Ethyl abietate
Ethyl acetate
Ethyl acetoacetate
Ethyl alcohol
Ethyl benzene
Ethyl benzoate
Ethyl bromide
Ethyl butyrate
Ethyl caproate
Ethyl ether
Ethyl formate
Ethyl propionate
Ethyl salicylate
Ethyl sebacate
Ethyl stearate
Ethyl valerate
Ethylene diamine
Ethylene dibromide

* Figures in parentheses are temperature in °C,

0.2234(19.2)
1.32(105)
0.98(25)
0.316(25)
0.34(25)
0.391(25)
1.637(25)
1.283(22.8)
0.811(25)
4.573(233)
3.10(25)
3.63(25)
1.2558(25)
2.2707(25)
0.9355(25)
0.6227(25)
3.70(25)
1.40(25)
0.60(25)
1.25(25)
1.423(45)
5.054(25)
1.59(25)
8.504(25)
0.6714(25)
2.46(25)
5887(22.41)
0.681(25)
1.348(25)
0.5627(20)
1.348(25)
1.599(20)
0.35(20)
0.88(25)
0.54(25)
20.3(39.1)
2.30(17.3)
1.07(25)
035(25)
1.76(25)
10.1(25)
0.38(20)
3.864(25)
0.685(25)
1.03(25)
6.05(250)
0.441(25)
1.53(25)
1.05(25)
0.632(25)
2.14(25)
0.3734(25.3)
0.63(25)
0.9881(25)
0.223(25)
0.389(25)
0.5045(25)
1.803(145)
5.1(25)
3.75(50)
0.7623(25)
1.54(25)
1.698(20.6)

Ethylene glycol
Ethylene trichloride
Formanilide

Formic acid
Glycerol

Isoamyl acetate
Isoamyl alcohol
Isoamylamine
Isoamyl ether
Isoamyl formate
Isobutyl alcohol
Isobutyl butyrate
Isobutyl formate
Isobutyl propionate
Isomethy! butyl ketone
Isopropyl acetate
Isopropyl alcohnl
Isopropyl formate
Mesityl oxide
Methyl acetanilid
Methyl acetate
Methy! acetoacetate
Methyl alcohol
n-Methyl amyl ketone
Methyl benzoate
n-Methyl butyl ketone
Methyl n-butyrate
Methyl isobutyrate
Methyl caproate
Methyl carbamate
Methyl ethyl ketone
Methyl formate
Methyl propionate
n-Methyl propyl ketone
Methyl valerate
Methylene chloride
Monobromobenzene
Monochlorobenzene
Nitrobenzene
Pentachlorethane
Phenetole

B8-Phenyl ether alcohol
Phenyl methyl ether
n-Propyl acetate
n-Propyl alcohol
n-Propyl benzene
n-Propyl butyrate
Propyl caproate
n-Propyl formate
n-Propyl propionate
Propyl valerate
Propylene dichloride
Pyridine
Tetrachloroethylene
Tetralin 1,2,3,4
Tetralin 5,6,7,8
Toluene
Trichloroethylene
Triethylamine
Turpentine (wood)
m-Xylene

0-Xylene

p-Xylene

—tiuhid)
0.550(25)

8.70(55)
1.635(24.2)
8.3(20.3)
0.79(25)
3.80(25)
0.7235(25)
1.40(11)
0.794(20)
3.37(25)
0.9766(25)
0.6650(20)
0.67(25)
0.5799§20)
0.5247{20)
2.15(24.4)
0.5134(20)
0.879(25)
0.82(120)
0.3706(22.74)
1.702(20)
0.546(25)
0.766(25)
2.067(20)
0.584(25)
0.530(25)
0.5170(20)
0.8096(25)
2.28(55.6)
0.497(25)
0.3298(25.5)
0.461(20)
0.473(25)
0.6227(25)
0'4137(25'6)
0.985(30)
1.03(0)
2.013(20)
2.26(25)
1.1158(25)
7.61(25)
1.01(25)
0.551(25)
1.91(25)
0.793(25)
0.8296(20)
1.2864(25)
0.5134(20)
0.6722(20)
0.6227(25)
0.873(25)
0.88(25)
0.838(25)
2.00(25)
2'00(25)
o.ssz(zsg
0.550(25
0.363(25)
1.34(25)
0.79(12)
0.95(12)
0.80(12)
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TFicure 15C. Viscosity® at Room Temperature:
A, 3-sec. Cotton D, 3-sec. Cotton + 30% Xylene
B, %-sec. Cotton + 30% Turpentine E, § sec. Cotton + 30% Butyl Acetate

C, % sec. Cotton + 30% Toluene

100 T T T T T T T T T
A VISCOSITIES
8o -
240 - .
R
13
20 c -1
D
0 L | . L 1 1 L n I
100 200 300 400 500
Added wt in Grams
Ficure 15D. Viscosity® at Room Temperature:
A, 3-scc. Cotton C, 3-scc. Cotton + 40% Xylene
B, 3-sec. Cotton -+ 40% Toluene D, 3-sec. Cotton + 40% Butyl Acetate

Mardles ? has found that there is a relationship between solvent power
and viscosity. The optimum solvent mixture dissolves the cellulose ester
most rapidly, yields the least viscous solution, and produces a high degree
of dispersion. Non-solvents, on the other hand, increase viscosities pro-
vided their admixture does not result in increased solvency. The more
powerful a solvent the more closely does its solution approach a true solu-
tion. In the case of an ether-alcohol mixture containing 4% of nitrocellu-
lose of 12.2% nitrogen content, Gibson and McCall® have found that
minimum viscosities are obtained when the alcohol content ranges from 40
to 55 per cent and the ether 60 to 45 per cent by volume. It is thus evident
that ethyl alcohol materially reduces the viscosity of a nitrocellulose solution.
Butyl alcohol behaves in the same manner as ethyl alcohol. A mixture of
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alcohol and acetone, or of benzene and acetone, will also reduce viscosities,
and maximum results are obtained when the alcohol content is about 14.5
per cent of the alcohol-acetone mixture and the benzene content is about
16.5 per cent of benzene in the benzene-acetone mixture. Esters, owing
to their solvent power, yield low viscosity solutions. Fifteen per cent
is usually the minimum limit, and any amount less than this will produce
only a slight drop in viscosity. However, any amount above 15 per cent will
produce a drop in viscosity until the limit is reached. Commercial butyl
acetate, as compared with the refined ester, is twice as strong in its power to
reduce the viscosity of nitrocellulose solutions. This is attributed to the
presence of butyl alcohol in the commercial grade. Benzene in the presence
of pure ester merely acts the part of diluent; but when it is mixed with alco-
hol, it becomes a solvent and acquires the power to reduce viscosity. In
general, solvents of low boiling point, low vapor pressure, and high solvency
yield solutions of low viscosity, and conversely the increase in vapor
pressure, boiling point, and decrease in solvency, produce an increase in
viscosity. These facts are of especial significance in the homelogous series.

Marling and Purdy® have determined the effect of thinners on the
consistency of nitrocellulose. The results are reported in the following
graphs. The solution consists of 25 per cent nitrocellulose and 75 per
cent solvent. The solvent is 50 per cent ethyl alcohol and butyl acetate
and 50 per cent toluene by volume. They have found that the consistency
of one-half second, four-second, and ten-second nitrocellulose is reduced
by increasing the amount of thinner.

TABLE 10.—Viscosity at 25° C. of 5 Per Cent Solutions of Nitrocotton?

Corrected
Butyl Ethyl Ethvl Time of Time of Viscosity
Acetal Acetate Alchol Benzene Flow Flow Glycerol =
By Vol. By Vol By Vol By Vol. Secs. Secs. 100
100 71.4 71.4 43.1
90 10 31.6 31.3 18.9
90 10 75.0 75.0 43.3
80 20 24.6 24.2 14.6
80 20 87.0 87.0 52.5
60 40 21.5 20.6 12.4
60 40 36.2 35.8 21.6
40 60 20.0 20.7 12.5
40 30 30 25.8 250 15.1
20 80 24.1 22.2 13.4
20 10 70 53.0 47.0 28.4
100 31.6 31.6 19.0
90 10 234 23.1 13.9
90 10 36.0 36.0 21.7
80 20 17.2 16.8 10.5
80 10 10 21.5 21.5 13.5
80 20 40.8 40.8 24.7
60 40 16.0 15.3 9.2
60 40 64.6 64.4 38.9
40 60 17.7 16.7 10.1
40 30 30 19.4 18.8 11.4
40 60 150.0 149.0 90.0

20 80 22.8 20.8 12.6
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TABLE 11.—Viscosity of Nitrocotton-Dammar Solutions’

Butyl Butyl Ethyl 0.5-Sec.

Acetate Propionate Acetate Toluene Cotton Viscosity
% % % % % Dammar (Secs.)

9.6 22.6 44.7 15.4 7.1 1.5

9.6 22.6 4.7 154 7.7 1.3

74 25.8 46.0 15.8 5.0 1.2

74 25.8 46.0 15.8 5.0 14

14.8 18.4 46.0 15.8 5.0 1.0

14.8 18.4 46.0 15.8 5.0 1.4

17.0 17.0 45.0 16.0 5.0 14

10.0 24.0 45.0 16.0 5.0 1.4

24.0 10.0 45.0 16.0 5.0 1.8

14.0 20.0 45.0 16.0 5.0 1.6

The viscosity of resin solutions is practically constant in benzene, tolu-
ene and xylene. A higher viscosity is obtained in saturated hydrocarbons
than in unsaturated. Viscosities of oleo-varnishes are reduced in propor-
tion to the volume ratios of the thinners used. The more powerful a sol-
vent, the greater is the reduction of viscosity.
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Chapter 6
Volatility, Inflammability, Toxicity

Generally, solvents are liquids which exhibit the power of dissolving
other substances and thereby converting them into a fluid state. Solvents
which evaporate readily when exposed are called volatile solvents and,
should these solvents also have the property of “catching fire,” they are
called inflammable liquids. The degree of inflammability of a substance
is indicated by what is termed its flash-point or explained as the lowest
temperature at which the substance will ignite when it gives off sufficient
vapor to form an explosive mixture with air. The “ignition point” is the
temperature at which this vapor-air mixture will, under favorable condi-
tions, take fire spontaneously. Further, it is the lowest temperature at
which there is more heat generated than is lost and therefore combustion
becomes self-propellent. The mixture of inflammable vapor or vapors and
air is explosive or inflammable only within a limited range of concentration,
Should the quantity of any of the ingredients of the explosive mixture lie
outside this limited range, ignition will not take place. It has been pointed
out that the limit of inflammability in paraffins is inversely proportional
to the calorific value of the gas. When two or more inflammable liquids
are mixed, the flash-point may be somewhere between the lowest and
highest flash-points of the constituent parts or it may even be lower than
the lowest flash-point of any of the constituent parts. The lowering of
the flash-point, similar to the lowering of the melting-point of eutectic
mixtures, is owing to the formation of molecular aggregates. This
phenomenon in liquids is referred to as azeotropic combination. Wheeler
and Whitaker ! have observed that the direction of the flame influences
inflammability. The upward propagation of the flame requires the lower
limit of concentration and the downward or horizontal propagation of the
flame requires the upper limit of concentration.

The flash-point of a liquid, or a mixture of liquids, may be raised by
replacing the low-boiling liquid, or liquids, in part or wholly, with non-
inflammable or higher-boiling liquids or by eliminating such liquids which
form constant-boiling mixtures of a low-boiling point.

Some of the physical and chemical properties which influence ignition
temperatures are high calorific values, activity of valence forces, and ease
of chemical reactions. This is especially true of high calorific values
because it makes combustion self-propelling. It has been observed that
the simplicity of molecular structure is associated with high ignition.

71
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Solvent
Acetic acid
Acetone
Ally] alecohol
Amyl acetate (tech.)
Amyl alcohol
Amllne
Benzen
Benzene (CS, 0.025%)
Benzyl acetate
Benzyl alcohol
Benzyl chloride
Benzyl ethyl ether
Bromobenzene
n-Butaldehyde
n-Butyl acetate

n-Butyl acetate (tcch.)

n-Butyl alcohol
Butyl alcohol (tech.)
tert-Butyl alcohol
n-Butyl bromide
Butyl carbitol (tech.)
n-Butyl propionate
n-Butyric acid
Carbon disulfide
Carbon tetrachloride

Chloroform

m-Cresol

0-Cresol

Cyclohexanone

p-Cymene

n-Decane

Diethyl ether (10%
alcohol)

Diethyl ketone

Ether (U.S.P.)

TaABLE 13.—Ignition Temperaturcs (° C.)

~———In Air from Surface——

Glass

633-639
393-407

580
460
436-444

422-426
383-407
366
356-360
483-487

229-231
428-433

127

193-196

Ether (C,H;OH 0. 300%) 188
84-489

Ethyl acetate
Ethyl alcohol (959,
U.S.P.)

Ethyl aniline
Ethyl benzene
Ethyl benzoate
Ethyl bromide
Ethyl n-butyrate
Ethyl caproate
Ethyl n-caproate
Ethyl n-caprylate
Ethyl ether

Ethyl formate
Ethyl malonate
Ethyl oleate

Ethyl palmitate
Ethyl pelargonate
Ethyl propionate
Ethyl propyl ketone
Ethyl n-valerianate
Ethylene glycol

421-439

413-416

649
387

649
598
460

593
429
356
323
449

238
549

135

203
199
593

524

518

649
392

649
479
436

449
376
345
349
601

234
447

133

196
193
547

392

477

ro-

Copper  Steel mium

668
378

668
428

562
503
369
474
604

234
558

133

196
189
568

454

524

73

~—Auto-Ignition Tempcrature——
~——— PFrom Surface —————

In Air
599

519

620

588
501

343

626
599

566
553

487

Plati-
num
599
727

563

620
656

588
502
627
496
688
408

503

483

552
149
over
1000
over
1000
626
599
557
466
425

487
608

Glass
562

618

503
443

508

569
544
557

457

Gold Silver
599
592 620
656 649
588 556
519 510
601 573
479 474
523 522
535
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TaBLE 13.—Ignition Temperatures (° C.)—Continued

~———Auto-Ignition Temperature—-—

~———In Air from Surface—— From Surface ———

rO- 1=

Solvent Glass  Copper Steel mium In Air Iz?:xtn Glass Gold Silver
Ethylene glycol diacetate 635
Formic acid 504
Gasoline (Socony) 258-268 279 288 293
Glycerol (tech.) 397402 516 461 500 523 429
n-Heptane 233-238 249 251 251 451 451 477 474 475
n-Heptanoic acid 523
a-n-Heptylene 332 338
Hexane (pract.) 273-297 307 312 313
n-Hexane 253 266 269 267 520 520 515 538 536
Isoamyl acetate 379 543 461 566
Isoamyl alcohol 349-356 327 356 458 518 449 513 492
Isoamyl ether 428
Isobutyl alcohol 438441 461 483 461 542 542 522 540 511
Isododecane 534 499
Isooctane 561 537 583 584
Isopropyl acetate 460468 593 612 618
Isopropyl alcohol 457 649 634 638 620 620 532 608 619
Mesitylene 621 599
Methanol 470-475 457 474 508 574 337 548 558
Methone 506
Methyl acetate 502-512 560 569 606 654
Methyl alcohol 574
Methyl cyclohexanone 595
Methylheptenone 534
Methyl hexyl ketone 572
Monoethylaniline 479
Nitrobenzene 556 556 526 513
n-Octane 458 458 435 482 476
Paraldehyde 541
n-Pentane (tech.) 309-312 461 313 313 579 579 543 557 564
Propionaldehyde 419
n-Propionic acid 596
n-Propyl acetate 662
n-Propyl alcohol 432-437 481 461 447 540 540 526 537 511
Pulegon 426
Toluene 552 633 633 604 638 632
m-Toluidine 580 580
0-Toluidine 537 537
2,2,4-Trimethylpentane 560
Turpentine 253 264 262 270
Varnoline (Socony) 252-256 279 272 273
Xylene (tect.) 553 649 649 671
0-Xylene 496-507 635 635
p-Xylene 618 618 595 623 623

Should non-inflammable liquids be added to a mixture for the purpose
of either raising the flash-point or making the mixture non-inflammable,
these mixtures do not always remain the same. If, on the other hand,
molecular aggregates are so formed as to create a higher flash-point or
make the liquid non-inflammable, the mixture will remain the same
throughout the entire period of evaporation. Should there be no forma-
tion of molecular aggregates, the liquid possessing the highest evaporation
rate will leave the mixture sooner ; and should this departing liquid be the
non-inflammable one, the remaining mixture will no longer carry its pro-
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tection. Snell 2 has pointed out some cases wherein a flame-proof mixture
becomes an inflammable mixture upon partial evaporation,

TABLE 14.—Effect of Partial Evaporation on Flash-Points of Mixtures?
Mixtur Flash-Point:

After 509
(CH,;)2CO (%) CCL (%) Of original (° C.) evaporation (° C.)
40 60 <0 7
30 70 <0 17
20 80 15 > 30
CeHCH, CCly

0 15 5
70 30 24 12
60 40 > 30 > 30

TABLE 15.—Composition of Mixed Solvents?

Mixture 1 2 3 4 5 6 7 8
Benzene 50* 60 20 20
Toluene 40 60 60 40 30 30
V.M.P. naphtha 30
Ethyl acetate 50 30 15 15 10
Butyl acetate 15 15 10
Butyl propionate 15 15 10 30 40
Ethyl alcohol 10 5 5
Butyl alcohol 5 5 10 10 10 30

Lower limit for explosive
mixture, gram per liter  0.0700 0.0567 0.0714 0.0980 0.0824 0.0620 0.0588 0.0773

*Pigures in per cent.

Monroe # was the first to recognize inflammable liquids and gases as
the cause of mysterious fires. He has attributed these to the phenomenon
of static electricity which may develop when liquid solvents flow through
pipes, when liquid solvents pass through a gascous medium like air, when
vapors pass into the air, and when a gas passes through a liquid medium.

Static electricity can be eliminated by the addition of a metallic soap.
As an example, when 0.05 per cent of magnesium oleate is added to a sol-
vent the electrical conductivity is increased to permit the passing-off of
electricity. Well-grounded pipe lines are another means of eliminating
static potential. The greatest danger exists at the open end of a pipe, at
which point a high state of potential may develop as the liquid leaves the
pipe at the opening. To avoid this possible occurrence the liquid should
not be permitted to spray, and should a high potential develop it can be
neutralized by ionizing the air with ultra-violet light or x-ray. A further
aid would be to humidify the air.

Toxicity goes hand in hand with the volatility of solvents. A vola-
tile substance when exposed will escape and find free access to our olfac-
tory systems should we be within the vicinity of its vapors. Broadly,
solvent vapors are more or less toxic and their physiologic action can be
equally varied. Although people differ widely in their susceptibility, a vola-
tile solvent will find its way into the blood-stream by mixing with the
inhaled oxygen and thus ultimately it comes in contact with every body



76 INDUSTRIAL SOLVENTS

tissue upon which it exerts toxic action. Larzarev, Brusclavskayo, and
Larrav 8 have made experiments upon workmen whose hands were in con-
tact with organic solvents for at least fifteen minutes and they all gave
evidence of these toxic substances in the blood-stream. Longer contact
gave proof of increased accumulation of these poisons in the blood-stream.

TaBLE 16.—Industrial Diseases Among Chemical Workers in England

—1929 — —— 1928 — ——1927—— —— 1926 — —— 1925 —

Chronic Dead Chronic Dead Chronic Dead Chronic Dead Chronic Dead

Carbon disulfide
poisoning 6 1 1
Aniline poisoning 26 41 38 1 33 1
Benzene poisoning 1 1
Benzene, benzine,
naphtha, petrol 7 7 2 7 2 4 1 3 0
Ether, acetone, nickel
carbonyl 36 1 17 2 23 2 17 1 35 3

Wolff ¢ has pointed out that benzene and its homologucs, acetone,
aniline and pyridine derivatives, and chlorinated hydrocarbons are all poi-
sonous in concentrated forms. Benzene runs a close second to lead as the
most toxic substance used in coating materials. In a report,” the Com-
mittee on Volatile Solvents has indicated the danger of even small quanti-
ties of benzene and has urged that its use be restricted by substituting
for it some of the higher homologues like tolucne or xylene, which are
less toxic, or petroleum products. Six cases of chronic benzene poisoning
were reported in 1927, Nevertheless, benzene is still being used in
the manufacture of a large number of products. Steps have been taken
in some industries to replace it. Lacquer and coating industries are using
substitutes and Stoddard’s solvent is used in the dry-cleaning industry.

The following solvents are reported for their poisonous action by
Ebert.® These are ether, methyl, ethyl, propyl, and amyl alcohols, ketoncs,
esters, turpentine, pine oils, benzine, benzene, toluene, xylene and chlo-
rinated hydrocarbons. This worker is also of the opinion that carbon
disulfide is toxically the most dangerous. Smyth and Smyth? in their
experiments on the inhalation of lacquer solvents determined the progres-
sion of increasing toxicity and give the following order: ecthyl acetatc,
amyl acetate, butyl acetate, gasoline, turpentine, xylene, toluene and butyl
alcohol. These can be safely used, however, in well-ventilated surround-
ings. Commercial xylene, which contains a mixture of toluene and ben-
zene, affects young workers in poorly-ventilated rooms by making them
nauseous and dizzy. Definitely toxic changes occur in the blood of work-
men upon using, over a prolonged period, a mixture of commercial ben-
zene, acetone and methyl alcohol. It has been known that jaundice has
occurred among those exposed, by inhalation, to the vapors of tetra-
chlorethane and trinitrotoluene.
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TaBLE 19.—Electrical Conductivity and Dielectric Constants

Electrical
Conductivity
Reclﬁrocal
Ohms
Solvents at 25° C.
Acetal |
Aceticacid 11.20X10-9
Acetic anhydride 0.48 X108
Acetone 5.50X10-8
Acetonitrile
Acetophenone 6.43X 109
Acetyl acetone
cis-Acetylene dibromide
trans-Acetylene dibro-
mide . .
Acetylene dichloride
(mixture) ~8.50X 10~%
cis-Acetylene dichloride
trans-Acetylene
dichloride
Acetylene tetrabromide
Allyl alcoho
n-Amyl acetate
Aniline 2.40X 10-2
Anisole
Benzaldehyde
Benzene 443X10-1
(§32°C)
Benzyl alcohol
Benzyl benzoate <1.00X10-*
Benzyl chloride
Benzyl ethyl ether
Bromobenzene 1.20X 101
Bromoform <2.00X10-8
a-Bromonaphthalene
p-Bromotoluene
Butano
n-Butyl acetate
n-Butyl alcohol 3.6X10-7
Butyric acid
Carbon disulfide <3.70X10°3
Carbon tetrachloride 4.00X10-18
(18°C)
Chloroacetone
Chlorobenzene <10-%(0° C.)
Chloroform <10-10
Cresol (mixture)
m-Cresol 1.397 X 10-8
o-Cresol 0.127 X108
p-Cresol 1.378X10-8
m-Cresyl methyl ether
0-Cresly methyl ether
»-Cresyl methyl ether
Cyclohexane
Cyclohexanol
Cyclohexanone 5-8X10-8
p-Cymene 2X10-8
Decahydronaphthalene
n-Decane
p-Dibrombenzene
Dichloracetic acid
o-Dichlorbenzene <10-%(0° C.)
p-Dichlorbenzene
a,a-Dichlorhydrin
Diethyl carbonate 17X 10-*
Diethyl ether 3.7X10-1
Diethyl malonate
Diethy! oxalate 7.12X10°7
Dusoamyl ether
Dimethylaniline
Dimethyl sulfate
m-Dinitrobenzene
1'4-Dioxane <2X10-8
Diphenyl ether
Epichlorhydrin 0.54X 107

Dielectric
Constants
at 25° C.

3 87
(19.75° C.)
5.40
4.73
5.17
(19° C.)
5.10

10.30
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Solvents
Ethanol
Ethyl acetate
Ethyl alcohol
Ethyl benzoate

Ethyl bromide
Ethyl chloride

Ethyl cinnamate

Ethyl ether
Ethyl formate

Ethyl isothiocyanate
Ethyl propionate

Ethyl salicylate

Ethyl thiocyanate
Ethylene bromide

Ethylene chlorhydrin
Ethylene cyanide
Ethylenediamine
Ethylene dibromide
Ethylene dichloride
Ethylene glycol

Electrical
Conductivity
Reciprocal
Ohms
at 25° C.

<1.0X10-°
1.35X10~°
<1.0X 10~

<2.0X10"8
<3.0X10-?
©0°C.)

4X10-13
253X10°%
(23° C.

8.33X10-¢
(17°C)

1X10-8
1.07X 10-¢

Ethylene glycol diacetate %82( 102
20

Ethylidene dichloride

Eugenol
Formamide

Formanilide
Formic acid

Furfural
Gasoline

Glycerol
n-Heptane
n-Hexane
Isoamyl acetate
Isoamyl alcohol
Isoamyl benzoate
Isoamyl bromide

Isoamyl] n-butyrate
Isoamyl chloride

Isoamyl isovalerianate
Isoamyl propionate
Isoamyl salicylate
Isobutyl acetate

Isobutyl alcohol
Isobutyl bromide

Isobutyl! chloride
Isopropy! alcohol

Limonene X
Maleic anhydride
Methanol

Methyl acetate

Methylal
Methyl alcohol
Methylaniline
Methyl benzoate

C)

198X 10-¢
(20°C.)

6.2X10-8

2X10-12

3-5.4X 10~

0.51X10-¢

1.923X10-¢
(7°C.)

3X10-7

137X10-%
(22°C))

79

Dielectric
Constants
at 25° C.

25.70

6.58
(18°C.)
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TABLE 19.—Electrical Conductivity and Diclectric Constants—Continued

Electrical Electrical
Conductivity | . Conductivity R
Reciprocal Dielectric Reciprocal Dielectric
ms Constants ms Constants
Solvents at 25°C. at 25°C. Solvents at 25°C, at25°C.
Methylcyclohexane (222781" ¢ Phenyl methanol 13.00
.8° C. Phenyl methyl ether 1X10-18 435
Methyl ethyl ketone  5.0X10-8  18.4 (anisoley X
Methy! formate 1.92X10-¢  8.37 Phosphorus tribromide 12.40
; arc) a-Picoline 10.00
Methyl isothiocyanate 19.70 Pi .
2-Methyl propanol 18.70 d-a-Pinene 2.60
Methy! salicylate 9.10 l-a-Pinene 2.70
X (19.8° C.) Propanol 21.80
Methyl thiocyanate 35.90 Propanol-2 26.10
Methylene chloride 4.3X10-11 9,14 Propionic acid 3.20
Naphthalene 4.35X10-10 3,22 n-Propyl acetate 22X10~¢ 8.10
(81.8°C.) (80.5°C.) 17° C.)
a-Naphthyl cyanide 20.00 n-Propyl alcohol 2.17X10~% 22.20
o-Nitroanisole 24.00 (18°C.)
Nitrobenzene 1.22X10-8  36.10 n-Propyl formate 5.5X10-8 01
. (23'6°C.) . (i7°C)  (23.1°C)
Nitromethane 39.00 Pyridine 4.0X10-%  12.50
o-Nitrotoluene 27.40 Quinoline 2.2X10"%  5.00
p-Nitrotoluene 18.70 Salicylaldehyde 14.00
n-Nonane 1.972 Sulfur monochloride 4 80
n-Octane 1.962 ‘Tetrachlorethane 7.83
n-Octyl alcohol 10.34 Tetrachlorethylene 2.50
Oil of turpentine 2.25-2.27 Tetrahydronaphthalene 2.66
(21°C.) Toluene 1.4X10~ 1 2,378
Oleic acid 2.40 o-Toluidine 3.792X10-7 603
Paraldehyde 14.5 . (19.2°C.)
Pentachlorethane 3.60 p-Toluidine 62X 10-% 4.88
n-Pentane 2% 10-19 1845 A (100° C.) (58°C.)
(19.5° C.) Trichlorethylene 3.42
Pentanol 5.10 . (16° C.)
Phenol 1-3X10-% 15.00 Xylene (mixture) ~<1X10"% ~2.375
(50° C.) m-Xylene 2.40
Phenyl ethyl ether 1.7X 10 4.47 o-Xylene 2.567
(Phenetole) (21° C.) (17° C)
Phenylhydrazine 7.10 p-Xylene 2.269
Phenyl isocyanate 8.90 L (24.3°C.)
Phenyl isothiocyanate 10.70 Xylidine 5.00

Flury and Wirth 10 in their study of the toxicity of organic solvents
have found that diethyl phthalate, methyl glycol acetate, methyl alcohol,
acetone, ethylene glycol and so forth cause irritation of the mucosa of the
eye and the respiratory tract, often with considerable inflammation. Their
report also disrupts the general belief that esters are not very harmful.
Methyl derivatives are especially toxic because the methyl group has a
tendency to split off and form methyl alcohol. Other experimenters have
reported that the ethers of ethylene glycol produce dryness of the throat,
dullness, and a feeling of tightness in the chest.

Bridge ' has madec extensive rescarches upon the toxic action of
some of the more poisonous solvents. Benzene, carbon disulfide, ether,
chloroform and tetrachlorethane all produce acute intoxication. They
affect the nerve centers in the manner of narcotics thus stupefying the vic-
tim. When these are inhaled over a long period, they give rise to jaundice
and troubles of the liver. The observed steps in which the toxicity of
inhaled vapors affects the individual are, first, a mental excitement fol-
lowed by a headache and dizziness, and may eventually result in anesthesia.
Some of these solvents may also irritate the skin and affect the circulation
of the blood. All the chlorinated derivatives like chloroform are narcotic
in effect. The following solvents are given in the order of their toxicity,
ranging from the least to the most toxic: carbon tetrachloride, <ethylene
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perchloride, <ethylene trichloride, <ethylene dichloride, <chloroform,
<pentachlorethane, <tetrachlorethane. The chlorinated hydrocarbons
have been found to produce various degrees of intoxication, neuritis,
gastro-intestinal trouble, and disturbances of the liver. It is understood,
however, that idiosyncrasies will play an important part in the reception
of the toxic effects of all solvents. People of poor health should not
be exposed to an environment containing free toxic vapors. To reduce
the toxic dangers of these solvents, they should be handled under a hood
or in a room ventilated by forced draught.
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Chapter 7

Solvents and Their Use in the Industries

The amazing growth of the solvent industry can be fairly compre-
hended when we realize that the few solvents of yesterday, so to speak,
such as the aliphatic and aromatic hydrocarbons, methyl and ethyl alco-
hols, acetone, glycerin and turpentine, have risen to a giant commercial
development of over a hundred different solvents. There are many other
solvents which are at present produced only on a moderate scale, or are
undergoing exploitation, but these are finding wider application every day
and are carrying, and may carry, many as yet unknown or unheralded
solvents in their wake.

The modern solvent industry produces about 1,600,000,000 pounds of
solvents annually in the United States of America. These are no longer
limited to the old industrial standbys, such as paint, varnish and lacquer,
but have branched out until they are now essential to every industry.
At present the lacquer industry claims first place as an outlet for solvents;
but this position is in imminent danger of being conceded to the new types
of synthetic materials, especially those of synthetic resins. With this new
trend the familiar sign “Fresh Paint” will soon be relegated to the past
like the wooden Indian of cigar stores.

Lacquer solvents are so blended that the mixture will dissolve cellulose
derivatives, natural and synthetic resins and wet pigments; and so that
it will be stable, prevent blush, and give any desirable evaporation rate.
Solvency is increased by mixing solvents or adding certain ones that pos-
sess more than one dissolving group in the molecule, This increased sol-
vent power allows for the addition of diluents and non-solvents, and thus
anticipates the never-ceasing demands for lower-cost lacquers. Further
demands upon economy will direct research workers to turn to those active
solvents which are able to tolerate fairly large quantities of the priceless
diluent, water. Wilson?! suggests the following as the more commonly
used solvents: methyl, ethyl, butyl and amyl acetate, secondary esters,
acetone, ethyl lactate and the “Cellosolve” compounds. Ethyl acetate is in a
class by itself owing to the fact that the lower-boiling sclvents, such as
acetone and methyl acetate, are much too volatile. The higher esters are
used admixed with ethyl acetate and usually constitute the main portion
of the solvent mixture. Other good solvents are the secondary esters
and the “Cellosolve” compounds. The latter, however, are distinguished by
their ability to tolerate fairly large quantities of coal-tar diluents. Lacquer
diluents should have a distillation range and an evaporation rate very
similar to those of the main solvent in the solvent mixture; they should

82
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also be free of corrosive material, should leave no residue, and should pos-
sess solvent power. Thinners for interior gloss paint and enamel should
be completely volatile and free of sulfur. It has been pointed out that
enamel discoloration is owing to a reaction between sulfur and the con-
stituents of the enamel.

Coal-tar solvents, such as toluene, xylene, and Hi-Flash naphtha, are
solvents for alkyd resins and chlorinated rubber (Tornesit type), each of
which is used to make corrosion-resistant finishes. They are also added
to petroleum naphthas to fortify the solvency of the latter. These solvents
will also dissolve rubber resins of the Pliolite type, polymerized cashew
shell oil, synthetic drying oils like the divinyl acetylene polymers, and the
coumarone and indene resins. Coal-tar solvents are employed in the mak-
ing of gilsonite wood stains, as dispersion media for aluminum stearate,
as flatting agents, for the removal of water from carbon black prior to
grinding, and as thinners and dispersion agents for aluminum paints.
Toluene and xylene substitutes are usually petroleum products extracted
from asphaltic crudes or made by the hydrogenation of cracked petroleum
products.

The work of Hofmann and Reid 2 is of special interest to those who
wish to apply brushing lacquers to surfaces already coated with varnishes
or enamels.

These workers have made the following general conclusions based on
lifting tests :2

“(a) The various single solvents (and diluents) may be arranged
as below in order of increasing lifting tendency:

1. Petroleum hydrocarbons
2. Coal-tar hydrocarbons
3. Alcohols

4. Esters and glycol ethers

(b) Mixtures of two liquids in order of increasing lifting tendency:
1. Petroleum hydrocarbon -+ alcohol
2. Petroleum hydrocarbon 4 glycol ether
3. Coal-tar hydrocarbon + ester
4. Ester + alcohol
5. Coal-tar hydrocarbon + alcohol

(c) Typical three-component mixtures listed in order of increasing
lifting tendency :
Petroleum + alcohol + glycol ether solvent
Petroleum + ester + glycol ether solvent
Petroleum + ester + alcohol
Coal-tar hydrocarbon + alcohol + glycol ether
Coal-tar hydrocarbon + alcohol + ester

S aprwNe

(d) Other things being equal—that is, in homologous series—the
lifting tendency increases with increasing boiling point.”
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TABLE 20A.—Lifting of Varnishes?*

Varnish No.**
1 2 3 4 5 6 7 8 9 10 11 12

Solvent 1699 1699 1699 1699 1695 1695 1655 1699 1699 1699 1699 1609
%gﬁlt‘;iﬁ} XX XX XXXXXXXXxXXXxxxx0000xx
ﬁgﬁi‘ﬁn:cetate§ 0xxxx0xx00xx00xxxx0000Xx0
%%ﬁ;’;ﬂf“e} 000000000000000000000000
ﬁ%ﬁ‘t‘;ﬁﬁgﬁate} 0000000000000000x0000000
%gﬁtﬁlgfetate} 00 X0 XXXXXXXXXXXXXX0000Xxx
i//ggsthokﬁggﬁe} 000 0xx000x00x0000x0000xx
%‘Tge‘llﬁgzlve"} 0x X0 xxxXXx0xxx0x0xx0000zxx
24 Toluene

%C.S.acetate} 00X XX XX XXXXXxXXXxxxxx0000xx

24 Denat. alcohol
14 “Cellosolve

1

S
24 Denat. alcohol
15 oo del } 0000xx00xx00xxx00x0000xx
509, Toluene }

0000xx00x000xxx0000000xx

209, Butanol
309, Butyl acetate

509% Kemsolene-T }

X0 XX XXXXXXXXXXXxXxXXxx0000xx

209, Denat. alcohol 0000 xx00xx0x0xx0xx0000xx

309%, *“ Cellosolve"

709, Toluene
IS%Ethylacetate} 0X XX XX XX XXXXXXXXxxx0000 xx

15% ‘‘ Cellosolve'’
409, Kemsolene-T

209% Denat. alcohol
20%, Ethyl acetate 000000000x0x0000x00000xx

209% Butyl‘‘ Cellosolve’’

709, Toluene
159%, Ethyl acetate 00x000x000xx00xxxx000000

159, C.S. acetate

10-gallon linseed o1l—Kauri gum varnish
10-gallon tung oil—Kauri gum varnish
20-gallon linseed oill—Ester gume varnish
20-gallon tung oil—Ester gum varnish
35-gallon linseed oil-—Ester gume varnish
35-gallon tung oil—Ester gumb varnish
60-gallon linseed oil—Ester gume varnish
Same as sa;, without driers

Same as (4), without driers i X
20-gallon tung oil—zinc hardened rosin varnish
Long oil white enamel, zinc oxide pigment
Long o1l enamel vehicle, without pigment

NHOvXNAMALN

-

eThese varnishes were made by mixing a heavy kettle-bodied linseed oil with an Ester gum solution
and an appropriate quantity of lead and manganese linoleate driers.

bContained a small amount of free rosin.
*X = Lifted. 0 = Did not lift.
**Varnishes used in Lifting Tests,
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TaBLE 20B.—Lifting of Varnishes.2*—(Continued)

Solvent

1 Toluene

2 Xylene

3 Turpentine

4 Kemsolenet

5 Kemsolene-T}
6 95%, Alcohol
7 Butanol

8 Ethyl acetate
9 Butyl acetate
10 Pent-acetate
11 Butyl propionate
12 “Cellosolve"

13 ““Cellosolve'’ acetate

14 Butyl *“ Cellosolve”’
15 { 14 Toluene
24 959, Alcohol

16 24 Toluene
{ 14 959, Alcohol
(14 Toluene
124 Butanol
8! 24 Toluene
1% Butanol
14 Kemsolene
24 Butanol
24 Kemsolene
14 Butanol

14 Turpentine
% Butanol

22 rpentine
% 95 Alcohol

%
i
1
o
23 { 24 Xylene
{
{
o4
"
28 {38

17

19

N

0

(]

1

_.

\‘

14 Ethyl acetate
14 959, Alcohol
14 Butyl acetate
14 Butanol
14 Ethyl acetate
24 Toluene
14 Butyl acetate
2% Toluene
14 *“Cellosolve’’
24 Butanol
29 {14 C.S. acetate
124 Butanol
30 {% “‘Cellosolve”
24 Tolucne
31 { 14 ¢Cellosolve”
24 Kemsolene
32 14 C.S. acetate
24 Toluene

L)

24

-
1

N
-

5

-
5

NN

*X w Lifted.

Rubbing Varnish Floor Varniﬁh D Spar Varnish White Enamel
2 7 28 90 2 7 28 90 2.7 28 9 2 7 28 9
x 00 - xO00- xx 0 - 00 00O
x 00 - x00 - x x 0 - 00 0O
00 0 - 0 0 0 - 00 0 - 00 00
00 0 - 00 0 - 00 0 - 00 00O
00 0 - 00 0 - 00 0 - 0 0 0O
x 0 0 - 000 - x 00 - 00 00O
x 0 0 - 00 0 - 00 0 - 00 00O
x 0 0O 0 0 0O x 0 x x 00 0 O
x x 00 x 0 0O x 0 x x 0 0 0O
x 0 0 0 00 0 O x x x 0 00 00
x 0 0 0 x 0 00 x 0 x O 00 0 0
x x 0 x 0 0 x x 0 x X X 00 00
X X X X x 0 0 x x 0 x x 00 0O
X X X X X X X X X X X X 0 0 0 O
x x 0 x x 0 x X X X X X 00 0O
x x 0 x X X X X X X X X 0 0 0O
x 0 x O x 0 0 x X X X X 0 0 0 O
x x 0 x x x x 0 X X X X x 0 00
x 0 0 0 00 0 O x 0 0 0 00 0 0
x 0 x 0 00 0O 00 00 00 0 O
x 0 x x x 0 00 x 0 x O 00 0 O
x 0 x O 0 0 0 O 00 0 0 0 0 0 O
x x 00 x x 0 x X X X X x 0 0 0
x 0 0O 00 0O 0 0 x O 00 00
x x 0 0 x x 0 0 X X X X 00 0O
x 0 0 0 0 0 0O X x x 0 0 0 0 O
x 0 00 x x 00 x x x X 00 0O
x 0 x x 0 0 x O 0 0 x O 00 0O
x 0 0 x x 0 x O X X X X 00 0O
x x 0 x X X X X X X X X 00 0O
x 0 x x X X X X X X X X 00 00
x x 0 x x 0 x x X X X X 0 0 0 O

0 = Did not hft

1Kemsolene is a Petroleum Distillate B.P. 130-160° C. (Approx.)

$Kemsolene-T is a Petroleum Distillate B.P. 80-130° C. (Approx.)
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TasLE 23.—Iudication of the Solubility* of the More Usual Resing®

Rosin Esters (more readily soluble in esters than in alcohol)
Thus luble i Alcohols
Elemi (SO'UPIC 1IN Hydrocarbons
Mastic Ketones
Esters
]Ii‘);:l:rn;fm soluble in...... ... . .< Hydrocarbons
Cumar partly soluble in {II}I:&I:I%I: Alcohols + hydrocarbons or esters
Alcohols
Shellac | solublein .. . .. ﬁlctohols (+ elstbqu'_s . ith grade of resin)
Sandarac( ; : sters etones (solubility varics with grade of resin
insoluble in {Hydrocarbons

Alcohols
Kauri soluble in< Alcohols + esters (more soluble than in alcohol alone)
Pontianac Alcohols + hydrocarbons
Soft manilas| P3THY soluble in Kctones

. . §Esters
insoluble in {Hydrocarbons

Hard manilas {Alcohols

Congo partly soluble in 1 Alcohols + esters (esters must be in small amount)
Benguela

Angola J Esters

Madagascar | insoluble in< Hydrocarbons

Zanzibar Ketones

*The word *'soluble’ in this classification means that 95 per cent by weight or more of the resin was
soluble in the solvent. Some resins—for example, shellaqﬁ—hnve a waxy residue if not ‘‘refined.” This
residue is not considered as part of the resin in this solubility classification.

The higher-boiling esters and the glycol ethers have found a new appli-
cation in the making of non-aqueous wood stains. The light-colored fin-
ishes of the vinyl derivative type are soluble in ketones and esters.

Trease and Pingey 3 are of the opinion that carbon tetrachloride has
no advantage over other solvents in the preparation of oleo-resins for
pharmaceutical use other than its non-inflammability, and believe it to be
of little use in the extraction of alkaloids. It has its usefulness, however,
as a reagent in testing for phenols where it will yield color reactions with
ortho- and meta-substituted phenols but will not do so with the para
compound. For this particular purpose it has, as a reagent, particular
advantage over chloroform or iodoform. Hessler ¢ has found that chlori-
nated paraffin wax, called chlorcosane, is a good solvent for the antisep-
tic dichloramine-T (p-toluene sulfodichloramide, CgH4CHj-SO.NCly).
Durand 7 reveals that tannins of chestnut wood, acorns and grapevine
twigs, which are water-soluble, are also soluble in alcohol and acetone.
The researches of Schaffer 8 indicate that methyl alcohol is a better solvent
for alkaloids than is ethyl alcohol, when it is used either alone or admixed
with benzene, toluene, chloroform, fusel oil, ether, acetone and so forth.
Methyl alcohol, or a mixture of methyl alcohol and benzene, or chloro-
form, are excellent solvents for the morphine alkaloids.

In the following tables Martin and Salmon?® record the fungicidal
properties of spray-fluids containing synthetic solvents.
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Gersdorff and Davidson 1© have tabulated the amount of material
extracted from pyrethrum with various solvents and have also recorded
(see Table 25) the effect of various solvents on cabbages infested with
Myzus persicae Sulz.

TaABLE 25.—Results of Greecnhouse Tests with Various Solvents on Cabbages Infested
with Myzus persicae Sulz'®

Cogcn, Aptud Injtuory
1ds
Solvent Volu¥ne sed Aphids Dead Cabbage
% No. No. %
WATER AS DILUENT
Methyl alcohol { ! ?8 }gg 68 36 %gg:ratc
Ethyl alcohol 100 351 57 16 None
1 R
Isopropy! alcohol g (1)8 %‘g 2‘?2 9; IS\Icg:;e
100 K
A B B
sec-Buty! alcohol {l([)g lg? Igg “7)2 lﬁ]&;(li:rate
tert-Butyl alcohol {“1)8 };3 1%(7) 9‘; %gggratc
95 PER CENT ETHYL ALCOHOL AS DILUENT
{10 228 171 75 None
Benzene 5 111 64 58 Nonc
10 136 136 100 Very scvere
Xylene 5 124 108 87  Moderate
Carbon tetrachloride ]2 1‘9)(8) 12; 23 gi:g};:
10 216 52 24 None
Chloroform 5 112 11 37 None
Ethylene dichloride 12 ! (1)% g; 22 Eggg
Amylene dichloride 12 }:g }?411 ;(7) ﬁgzg:g
Tetrachloroethylene 12 %?g ! ;g 2‘? ‘;]L::;c
Dicthyl carbonate 1(5) }‘}Z g‘é ‘;‘é g{g}f{ate

Pickett,’ of the Ilercules "owder Company, has tabulated and plotted
the solubility in a number of solvents of candelilla wax, carnauba wax,
montan wax and becswax. Doole?® has tabulated data concerning the
relative solubilities of wax and oil in scveral organic solvents. This
work has been conducted with the object of encouraging the commercial
use of extraction processes for the separation of oils and waxes.

Fitzpatrick 13 tells us that turpentine was the earliest rubber solvent.
Other such solvents which followed this early one are carbon disulfide,
coal-tar solvents, petroleum solvents, halogenated hydrocarbons and so
forth. The ideal rubber solvent for use in cements, varnishes, and
lacquers should be chemically stable and non-reactive toward rubber, oxy-
gen, moisture, sulfur chloride and so forth. It should be non-inflam-
mable, must not be too volatile or resist vaporization, and its odor should
be both pleasant and non-toxic. Twiss!* lists the following solvents
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which are used in the rubber industry: carbon disulfide, carbon tetra-
chloride, chloroform, dichlorethylene, cyclohexane, n-decane, Dekalin, ethyl
ether, ethylene dichloride, n-hexane, n-heptane, Hexalin, methyl Hexalin,
n-nonane, n-octane, pentachlorethane, n-pentane, Tetralin, tetrachlorethane,
toluene, trichlorethylene and m-xylene. He also classifies their swelling
power, which runs parallel to their solvent power, as follows: trichlor-
ethylene, >tetrachlorethane, >pentachlorethane, >carbon tetrachloride,
>chloroform, >carbon disulfide, >benzene, >toluene, >xylene, >shale
naphtha, >petroleum naphtha, >kerosene, >ethyl ether. The most
widely used solvents are the petroleum hydrocarbons comprising those
fractions which range from n-pentane to n-decane. Petroleum naphtha
is extensively used when admixed with sulfur chloride in the cold vul-
canization of rubber. Benzene, toluene, halogenated hydrocarbons and
others are less frequently used because they are either too volatile, or
too toxic, or are insufficiently volatile. Some, however, possess excellent
solvency, For example, Tetralin is not only a solvent for rubber but
will also dissolve resins, waxes and cellulose derivatives, and is miscible
with most lacquer solvents and diluents.

Cornish, Archibald, Murphy and Evans!?® have determined the frac-
tional distribution of vitamins in pairs of immiscible liquids.

The petroleum industry, which has for years been a source of supply
for solvents to other industries, now turns to the use of selective solvents
in order to improve its own products. It is endeavoring, with these selec-
tive solvents, to separate the more valuable constituents from a complex
mixture in as nearly a pure state as possible. IT.azar Edeleanu has the
distinction of being the first to use the principle of selective solvents,
e treated kerosene with liquid sulfur dioxide and obtained a better burn-
ing product. In consequence, other solvents were soon proposed as selec-
tive solvents for different petroleum fractions. Terris ! tells us that a
selective solvent should be non-reactive with the oil, capable of extracting
the naphthenic from the paraffinic constituents when used in reasonable
amounts, and that at the same time it should be completely separable. He
believes there are few liquids which can be compared with nitrobenzene
for selective action. These are phenol, cresylic acid, furfural, dichlorethyl
ether and a mixture of sulfur dioxide and benzene. Ile contends, how-
ever, that in stability and cost they cannot be classed with nitrobenzene.

Hill 18 believes that, of the host of proposed solvent combinations, liquid
propane, acetone-benzene, and trichlorethylene are in a class by themselves.
Gohre 17 contributes levulinic acid as an excellent means for separating
aromatic from aliphatic substances.

Poole 18 gives us the following solvents as those used in fat and oil
extraction: ether, carbon disulfide, acetone, methyl alcohol, benzene,
petroleum spirits, coal-tar solvents and halogenated hydrocarbons. The
petroleum and coal-tar solvents are used most widely for this purpose.
In the opinion of Sieves and McIntyre,'® since the action of ether, benzene,
trichlorethylene and gasoline are all similar, the selection of a vegetable
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oil solvent should be based entirely upon cost. Bassel 2° tells us that puri-
fied petroleum benzine is, beyond doubt, the best solvent for the com-
mercial extraction of oils and fats. Although it is inflammable and not
as safe as the halogenated hydrocarbons, it does not possess their corrosive
and toxic properties. In the extraction of flaxseed Téufel and Stondige #
state that ether and benzine yield light-colored extracts; chloroform, ace-
tone and benzene give yellow to brown extracts; and trichlorethylene gives
dark-colored extracts. Since acetone has a specific solvent action for
phosphatides it yields extracts high in lecithen.

A mixture of soap and an organic solvent has the property of quickly
loosening dirt, oil, fats, greases and waxes from fabric and, at the same
time, of dissolving or suspending these substances in the soap-solvent-
water mixture. Many of these mixtures have the added properties of
wetting and penetration and are, therefore, used in the textile industry.

The following solvents, such as amyl alcohol, phenols, hydrogenated
phenols and naphthalenes, pine oil, red oil, high aliphatic acid and their
sulfonated products, xylene, triethanolamine and so forth, are used in
oil-solvent, soap-solvent, and oil-soap-solvent mixtures in textile process-
ing. Some of these processes comprise bleaching, lubricating, wetting-out,
scouring and dyeing, keir boiling, starching, degreasing, mercerizing and
finishing. In many of these processes the solvent not only reduces the
time of operation but aids in penetration and dispersion.

Freedland 22 records petroleum ether as the best solvent for degreasing
wool owing to its comparative cheapness. With modern means of equip-
ment, it is quite safe to handle. Solvent naphtha is used considerably as
a solvent for fats and oils, while benzene, on the other hand, is used in
the extraction of cotton waxes. Hydrogenated coal-tar solvents, phenols,
naphthalenes, and ketones and their sulfonated derivatives are solvents
for oils, fats and waxes. These solvents, when they are mixed with soluble
oils and soaps, are used as detergents. Benzine soaps dissolved in amyl
alcohol, ether, chloroform, carbon tetrachloride and benzine are good fat-
solvents and are extensively used in the cleaning industry.

The sartorial cleanliness of modern civilization makes bids for new
and better solvents for dry-cleaning. In cleaning dyed garments all dirt,
discoloration and stains must be removed, but the dye must not be
altered or removed. An ideal dry-cleaning solvent should have the fol-
lowing attributes: it should not affect the garment or the dye; it should
be chemically inert, stable, odorless, non-toxic and immiscible with water;
its distillation range should be close; it should be volatile but not too
volatile; and it should have a high flash-point or be non-inflammable. A
warm solution of soap is one of the best of cleaning agents, but its short-
comings of removing dye and shrinking or felting fabric militate against
its use. Benzine, benzene, and solvent naphtha have been used in dry-
cleaning but are dangerously inflammable. Further, benzine is toxic and
affects women more readily than men, producing headaches, giddiness,
vomiting and a state of intoxication. Benzene, like benzine, is highly
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volatile and is by far more toxic. White spirits is a heavier fraction than
benzine and is less of a fire hazard. Solvent naphtha is related to ben-
zene in the same manner that white spirits is to benzine. The halogenated
non-inflammable hydrocarbons are more widely used in Europe than in
America. According to Brown?2® carbon tetrachloride approaches the
ideal solvent more nearly than does any other commercially known liquid.
It is an excellent solvent for grease, oil, fats, resins and stains with the
added virtues of a pleasant odor and not affecting fiber garments. Tri-
chlorethylene and perchlorethylene are other chlorinated compounds which
are being used in increasing amounts. The most widely used petroleum
product in the dry-cleaning industry is white spirits known as Stoddard
Solvent. The following are the required specifications of the U. S. Bureau
of Standards for this substance:

STODDARD SOLVENT/*:
(Dry Cleaning)

Material: A petroleum distillate conforming to the requirements given herein.

Appearance: Clear and free from suspended matter and undissolved water.

Color: Water-white or not darker than 21 by Saybolt chromometer.

Odor: Sweet.

Flash-Point: Not lower than 100° F. (“Tag” closed tester.)

Corrosion Test: A clean copper strip shall show not more than extremely slight
discoloration when submerged in the solvent for 3 hours at 212° F.

Distillation Range: Not less than 50 per cent shall be recovered in the receiver
when the thermometer reads 350° F. The dry or end point shall be not higher
than 410° F. No tolerance shall be allowed above 410° I,

Acidity: The residue remaining in the flask after the distillation is completed shall
not show an acid reaction.

Doctor Test: Negative.

Sulfuric Acid Absorption Test: Not more than 5 per cent of the solvent shall

be absorbed by concentrated “c.p.” sulfuric acid (specific gravity, 1.835) (approxi-
mately 93.2%).

TaBLE 27.—Celancse Spotting Chart (Recommended Practice)

Soap Solution Dry Spotting Soap Luacquer Remover
Soap and water or 2 parts oleic acid 2 parts amyl acetate
Sulfonated o1l and 1 part chloroform 1 part benzene
water 1 part carbon tetra- ¥4 part denatured alcohol
chloride
. 1 part benzene Shellac Remover
Digester . 3¢ part denatured alcohol 1 part butyl “ Cell
Dampen spot with warm Keep in corked bottle pa;‘ \”uty Cello-
water. Sprinkle with 1 solve leic aci
Solvase or similar  Dry Spolting Agent part oleic acid
material and work into
stain. Let stand 15 1 part chloroform Ink Remover

1 part carbon tetra-
chloride
1 part benzene

minutes. Rinse thor-

. 2 parts lactic acid
oughly with water.

2 parts denatured
alcohol

2 parts Erusticator

10 to 12 parts water
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TaABLE 27.—Celanese Spotting Chart (Recommended Practice)®—(Continued)

Stain with Recommended Spotting Agent
or Alternative
Animal glue: Soap Solution or Digester

Argyrol: Soap solution followed by ammonia or
odine followed by 26° ammonia or Hypo
crystals

Asphalt: Dry Spotting Soap

Artists Paint: Dry Spotting Agent followed by
Dry Spotting Soap

Balsam: Lacquer Remover followed by Spotting
Agent

Beeswax: Warm Lacquer Remover followed by
Dry Spotting Agent

Beverage: Soap Solution or Digester followed by
Acetic Alcohol

Black shoe polish: Dry Spotting Soap or Soap
Solution

Blood: Soap Solution followed by 26° ammonia or
igester

Butter: Dry Spotting Agent followed by Dry
Spotting Soap

Candy: Soap Solution

Catsup: Soap Solution

Chewing gum: Dry Spotting Agent

Chocolate: Soap Solution or Digester

Coal tar (sometimes permanent): Dry Spotting
Agent followed by Dry Spotting Soap

Cocoa butter: Dry Spotting Agent followed by
Dry Spotting Soap

Collodion: Lacquer Remover

Color: Soap Solution or Hydrosulfite Stripper

Cooking oils: Dry Spotting Agent followed by
Dry Spotting Soap

Dextrin: Digester

Discharge: Soap Solution or Digester

Drying oils: Dry Spotting Agent followed by
Dry Spotting Soap

Egg: Digester

Enamel paint: Dry S

tting Soap or Dry Spotting
Agent or Lacquer

emover

Fish eggs: Soap Solution followed by salt brine
Fly paper: Soap Solution
Foods: Soap Solution or Digester

Furniture polish: Soap Solution or Dry Spotting
Agent or 3% peroxide or Hydrosulfite Stripper

Gelatin: Soap Solution or Digester

Fruit: Soap Solution or Glycerine and 26°
ammonia

Graphite: Dry Spotting Soap or Soap Solution

Grass: Soap Solution

Hair dye (sometimes permanent):
Soap or Soap Solution

Hair oil: Dry Spotting Agent or Dry Spotting
Agent followed by Dry Spotting Soap

Ice cream: Soap Solution followed by 26° am-
monia or Digester

Indelible pencil: Soap Solution

Ink, blue black: Soap Solution followed by 3%
peroxide over fumes of ammonia or Erusticator
(28% hydrofluoric acid) may be alternated with
amonia

Ink, carbon, (draftsman) (India):
‘Agent foll
Solution

Ink, color base: Soap Solution followed by 3%

roxide over ammonia fumes or Erusticator,

25% hydrofluoric acid) may be alternated with

Dry Spotting

): Dry Spotting
owed by Dry Spotting Soap or Soap

Stain with Recommended Spotting Agent
or Alternative

ammonia. Sometimes use Hydrosulfite
Stripper.
Ink, indelible: Soap Solution

Ink, phenol-containing: Fabric affected.
use dry spotting agent.

Ink, Printer's: Dry Spotting Agent followed by
Dry Spotting Soap or Soap Solution or some-
times Hydrosulfite Stripper

Ink, silver nitrate: Soap Solution followed by 26°
ammonia

Ink, stamp pad: Soap Solution
Todine: Hypo Cyrstals
Iron rust: Erusticator, rinse well

Jewelers' rouge: Dry Spotting Agent followed by
Dry Spottqmg Soap or Soap Solution

Lacquer: Dry Spotting Agent followed b

potting Soap or Lacquer Remover or
Remover

Lamp black: Dry Spotting Agent followed by
Dry Spotting Soap or Soap Solution

Lead pencil: Dry Spotting Agent followed by
Dry Spotting Soap or Soap Solution

Linseed oil: Dry Spotting Agent followed by Dry
Spotting Soap

Lip stick: Soap Solution or Lubrication

Lys§1: Fabric affected. If not, use Dry Spotting

oap

If not,

Dry
hellac

Marine glue (vegetable base): Dry Spotting or
Neutralize with acetic acid and digest

Marine glue (rubber base): Dry Spotting Agent

Meat juice: Dry Spotting Soap or Digester

Mercurochrome: Soap Solution

Metal: Soap Solution

Milk: Soap Solution or Digester

Mud: Brush Dry or Soap Solution

Nail polish: Lacquer Remover

Newskin: Lacquer Remover

Oyster juice: Soap Solution followed by Salt
Brine or Digester

Paint: Dry Spotting Agent tollowed by Dry
Spotting Soap
Paraffin wax: Slightly warm Dry Spotting Agent

Perfume: Sometimes alcohol in perfume has run
color. Acidulated Alcohol

Perspiration: Soap Solution with a touch of 26°
ammonia

Rosin: Dry Spotting Soap

Rubber cement: Dry Spotting Soap

Salad oil; Dry Spotting Agent followed by Dry
Spotting Soap

Shellac: Shellac Remover

Shoe polish: Dry Spotting Agent followed by
Dry Spotting Soap or Soap Solution or possibly
Hydrosulfite Stripper

Starch: Soap Solution or Digester

Stove polish: Dry Spotting Agent followed by
Dry Spotting Soap or Soap Solution

Tar (sometimes permanent): Dry Spotting Agent
followed by Dry Spotting Soap

Tomato: Soap Solution

Tobacco: Soap Solution

Varnish: Dry Spotting Agent followed bgh Dry

Spotting Soap or Lacquer Remover or Shellac
Remover

Vomit: Soap Solution followed by Digester
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Acids
289, Acetic
289% Formic

Alkalies (dilute)
Soap in water
Soda
Washing soda

Ammonia (26°)

Amyl acetate
(pure banana oil)

Benzene

Carbon disulfide

Carbon tetrachloride

Castor oil

Chlorine bleaches

Dichlorbutane

Wood alcohol
(methyl)

Acetic ether
(ethyl acetate)

Acetone

Acids
Formic (conc.)
Glacial acetic

INDUSTRIAL SOLVENTS

TABLE 28—Spotting Agents®

Safe

D. C. solvent

Digestive agents
Degomma, Solvase,
Takalab, etc.

Ethyl benzine
Gasoline
Glycerin

Hydrofluoric acid
(Erusticator)

Oleic acid

Oxalic acid

Perchlorethylene

Petroleum ether

Potassium Permanganate
Sodium hydrosulfite (Stripper)

Semi-safe
Fusel oil
(amyl alcohol)
Butyl ““ Cellosolve'’

Unsafe

Alcohol—benzene
Alcohol—ether
Aniline oil
Benzaldehyde
Chloroform
Cresol

Burmol

Big Four

Lykopon

Paragene, etc.
Sodium hypochlorite

(Javelle water)

Soluble oils
(Monopole,
Tetrapole, etc.)

Toluene
Trichlorethylene
Turpentine
Xylene

Cyclohexanol
(Hexalin)

Grain alcohol
(ethyl)

Ethylene dichloride—
Ethylene, chloro, etc.

Lactic acid

Tetrachlorethane,
Payzone

PV solvent, ete.

The Dilution of Unsafe and Semi-Safe Chemicals

If a mixture is to contain such chemicals, the total amount of them should not be
more than 30 per cent of the total volume of the mixture.
evaporate as slowly as or more slowly than the unsafe or semi-safe chemicals, The
unsafe and semi-safe chemicals must be soluble in the safe chemicals.

The safe chemicals should
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Chapter 8

Hydrocarbons and Their Hydrogenated
Derivatives

ALIPHATIC

The uses of the aliphatic hydrocarbons are many. Of the petroleum
distillates a large volume is used in the paint, varnish and enamel indus-
tries. They are also used as solvents for petroleum-soluble types of syn-
thetic resins, as dissolvents for cellulose ethers, and as diluents in other
types of lacquers. This group of solvents is less toxic than most other
solvents but they do affect the skin, and their vapors, if present in suf-
ficient concentration, cause nausea, dizziness, and even death. Fractions
which are commercially available contain mixtures of hydrocarbons rang-
ing from n-hexane to decane,

Petroleum Ether

Petroleum ether (benzinum, light ligroin, benzine) is a colorless
liquid consisting mainly of hexane. It is soluble in alcohol, ether, chloro-
form, benzene, and fixed and volatile oils. It will dissolve some types
of cellulose ethers, oils, waxes, soft resins and so forth and is used both
in extracting shellac-wax and the volatile oil contained in clemi,

Boiling range 40°-60° C.
Refractive index 1.365-1.376
Specific gravity 0.63-0.67
Flash-point Below 0° T*.
Distillation range 30°-60° C.

Gasoline

Gasoline (petrol, motor-spirits, petroleum ether, benzine, benzoline)
is a colorless, highly volatile liquid of characteristic odor. It is obtained
both from natural gas and from the third fraction of the petroleum dis-
tillate. It is composed chiefly of hexanes and heptanes with smaller quan-
tities of pentanes and octanes. Gasoline as a solvent is used in dry clean-
ing, in certain paints in order to secure a quick set, in quick-drying asphal-
tum varnish, in label varnish, penetrating stains, prepared waxes and metal
polishes.

Boiling range 60°-120° C.

Specific gravity 0.66-0.684

Freezing point —90.6 to —95.4° C.
Refractive index 1.375-1.3877
Flash-point —10 to 40° I,

118
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Petroleum Spirit

Petroleum spirit (ligroin, benzoline, benzine, petroleum ether, petro-
leum naphtha) is a colorless, inflammable liquid composed, in the main,
of hexanes and heptanes, with small amounts of octanes. It is soluble in
alcohol, benzene, chloroform, ether and so forth. It may be used as a
solvent in paint and varnish manufacture, in rubber cement, and oil-cloth
fabrication. It also finds application as a general solvent, in the extraction
of oils, fats and greases, in detergent soaps, and as a detergent and
degreasant for textiles, machines and hides.

Boiling range 80°-130° C.
Refractive index 1.407-1.425
Specific gravity 0.730 at 15° C.

Courtesy of Max B. Miller & Co., Inc.
Prate 3A. Exterior View of a Solvent Extraction Plant (Duo-Sol Process).
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V. M. & P. Naphtha

V. M. & P. Naphtha (Varnish Makers’ and Painters’ Naphtha) as a
solvent stands between gasoline and mineral spirit. Its solvency may
be accentuated by the addition of coal-tar solvents or turpentine. It is
used in paints and varnishes for dipping and spraying purposes, and its
presence in these preparations imparts depth and gloss to the films. It is
also used in short-oil fossil-gum varnishes, asphalt varnish, gloss furniture
varnish, barrel paint, metalware enamels, penetrating stains, prepared
waxes, metal and furniture polish, oil type graining compounds and
primers.

Refractive index 1.41

Boiling range 100°-160° C.
Specific gravity 0.75-0.770
Flash-point 20°-50° F.

Mineral Spirit

Mineral spirit (petroleum distillate, oleum, heavy naphtha, turpentine
substitute) is a colorless petroleum liquid of a sweet pleasant odor.
Because it has a high flash-point and evaporates at about 31° C., it is used
as a solvent and thinner in the paint and varnish industry, usurping the
position long held by turpentine. Mineral spirit is used in brushing prepa-
rations where its rate of evaporation does not retard drying but allows
for easy working qualities and good flow. Its presence in the vehicle and
thinner of mill whites, flat whites, undercoats and primers produces better
dispersion of the pigments. It is used to replace turpentine entirely in
oleo-resinous products and, in a limited way, in short-oil fossil-gum var-
nishes and in solutions of blown oils. Pine oil, wood turpentine and
dipentene are used with mineral spirit to mask their petroleum character-
istic, to increase their solvency and to impart flowing qualities. Mineral
spirit will dissolve linoleate driers but will not hold them in solution per-
manently without the addition of an oil, higher fatty acid, or rosin.

Flash-point 86°~105° F.
Boiling range 909, below 200° C.
Specific gravity 0.770-0.800
Refractive index 1.42

Kerosene

Kerosene (coal oil, astral oil) is a mixture of hydrocarbons, boiling
between 150 and 250° C., and constitutes the fifth distillate of petroleum.
This material by virtue of its slow-drying properties imparts to paint and
varnish mixtures good flow, penetration, easy brushing and working qual-
ities, and it prevents surface skinning. It is used in slow-drying paints,
dipping primers, enamels, baking Japans, alkyd resin varnishes, asphalt
coatings and plastic and liquid cements. Kerosene also finds application
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as a thinner in dammar enamels and in cork-sticking lacquers; when
admixed with creosote it is used in shingle stains.

Specific gravity 0.810-0.820
Refractive index 1.45
Flash-point 150° F.
Distillation range 150°-270° C.

Polymethylene Derivatives

The polymethylene hydrocarbons, such as cyclopropane, cyclobutane,
cyclopentane and cyclohexane, and their corresponding alcohols, ketones
and esters comprise a series of useful cellulose ether solvents and plas-
ticizers.

/CH 2

CH,) is a colorless gas which
Newy”

Cyclobutane (tetramethylene, CH

boils at 13° C. In a liquid state, or in combination with other sol
vents, it will dissolve a number of cellulose ethers.

Specific gravity 0.7083 at 11° C.

yz CH, N
Cyclopentane (pentamethylene, CH, CH,) is a colorless liquid
CH,—CHy”
and will dissolve cellulose ethers.

Boiling point 50.5° C.

Melting point —-93.3

Specific gravity 0.756

Cyclohexane (hcxamethylene, hexanaphthene, hexahydrobenzene,

/ CH,—CH_, . .. ..
CH, CH,) is a colorless liquid somewhat similar to benzene but
N\CH,—CHy”
less toxic. It is miscible with most lacquer solvents and is a powerful
solvent for resins. It is used as a solvent in the molding industry, and in
the fabrication of glass substitutes composed of wire mesh coated with
synthetic resins. For further data sce page 148.

Vapor pressurc 76.7 at 20° C.
Refractive index 1.42636
Freezing point 6.4° C.
Boiling point 81°C.
Specific gravity 0.780
Methylcyclohexane (Hexahydrotoluene)
Refractive index 1.42535
Freezing point —-126.4°C.

Boiling point 100.8
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TABLE 32.—Physical Properties of Kanotex Pctroleum Solvents?

Regular Special Special S; cml Special High-Flash
La Lacq 1 & ineral ineral
Diluent  Diluent  Diluent Naphtha Spirits Spirits
Gravity, A.P.I. 62.6 65.8 61.7 57.3 47.5 47.8
Specific gravity 7290 7172 7324 7495 7905 7892
Enﬁlex Distillation
.B.P.(°F.) 184 171 200 212 260 321
5% over 193 181 206 230 301 332
109, 195 183 207 234 310 334
20% 198 185 209 240 323 337
30% 201 187 211 246 335 341
409, 204 190 213 252 347 345
50% 208 193 215 259 361 349
60% 212 196 218 266 375 354
70% 217 200 221 274 395 359
80% 223 205 226 284 412 367
909, 233 212 234 301 430 377
95% 242 219 242 320 442 386
End Point 263 239 261 367 455 398
Recovery, % 99 99 99 99 99 99
Saybolt, color 30 + 30 + 30 + 30+ 30 4 30 +
Tag. C.C. flash (° F.) —_ —_ —_ - —_ 113
Static vapof pressure
mm,
at 70 P, 72
125
130 214
Ave. B.P. under vacuum,
barometer 29" Hg.
at 15’ vac. 163° F.
at 22"’ vac. 122° P,

TaBLE 33.—Physical Properties of Kanotex Petroleum Solvents?

Light
Textile Cleaners’ Regular 5-A Paint Stoddard Mineral 10-A 0-B
Naphtha Naphtha V.M. & P. Naphtha Solvent Spirits Naphtha Naphtha

Gravity, A.P.I, 71.0 57.1 58 4 50.8 500 49.0 43.2 431
Specific gravity .6988 7479 7451 7762 7796 .7839 .8100 .8104
Engler Distillation:
I.B.P. °R.) 144 210 205 290 310 312 363 380
5% over 153 226 223 303 319 321 380 392
10% 155 229 228 306 322 325 388 397
20% 157 233 233 310 324 329 396 402
30% 159 237 238 313 327 333 403 406
40%, 161 241 244 317 330 337 409 411
50% 164 246 250 321 334 342 414 416
60% 167 251 256 325 338 348 419 421
70% 171 256 262 331 342 355 424 427
80% 176 263 269 337 348 363 429 434
90% 184 271 278 345 387 315 436 444
95% 192 278 287 353 365 385 443 452
End Point 210 297 310 368 378 399 455 462
Recovery, % 99 99 99 99 99 99 99 99
Saybolt, color 30 4 30 4 30 + 30 4+ 30 30 + 25 4+ 25 +
Tag C.C.flash (° F.) —_ —_ -_ 90 102 105 140 + 150 +
Statlc vagfr pressure
at 70"‘ P. 130
252
130 494

Ave.B.P.at 15" Hg
vacuum, 29"’ Baro. 130° P\

Ave.B.P.at22" Hg
vacuum, 29’ Baro,  95° F.
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TaBLE 34.—Typical Analyses of Naphthas and Solventss

Gravity, A.P.I.
Color
Doctor test
Sulfur, %
Corr. (Cu. 122°F))
Aniline pt.
Kauri butanol solvency
Corr. (% hr. at B.P.)
Flash, Tag. C.C. ° F.)
Color stability
(16 hrs.)
H,SOu absorption
A.S.T.M. distillation:
I.B. Point, (° F.)
End Point, (° F.)
% at 104
122
140
158
176
194
212
221
230
248
266
284
302
320
338
356
374
392
410
428
437
446
Recovery
Residue
Loss
A.S.T.M. distillation:
1.B. Point, (° F.)
End Point, (° F.)
5% at
10
20
30
40

Light
Safety Stoddard Pet, V.M. & P.

Solvent Selvent Naph. Naph.
44.2 48.7 56.0 54.9
+ 30 + 30 + 30 + 30
0.K. O0.K. 0K O.K
026 017 .017 017
0.K. O0.K. O.K. O.K
51.0 53.0 51.8 51.3
40-43 37-39 37-40 38-40
0. K. -— 0.K. O.K.
104 103
+30 430 430 +30
+ 30 + 30 + 30 + 30
1%
308 307 205 197
408 372 320 364
1 2
4 6
16 12
47 36
70 57
87 75
94 86
5 40 98 93
47 89 96
76 96 97
91
96
98 98 98 98
1 1 1 1
1 1 1 1
308 307 205 197
408 372 320 364
320 309 222 221
323 311 227 228
328 314 233 237
332 317 238 245
336 320 244 252
340 323 251 260
345 326 258 269
352 329 266 279
359 333 276 292
373 339 292 312
386 352 305 328

Spec.
Heavy
Mineral
Spirits
43.0

+ 25
0. K.
.007
0. K.
60.0
33.5-36
0. K.
154

+ 22
+21

374
460

374
460
381
385
392
395
398
402
407
412
418
428
438

Extrac-
tion
Naph,
60.1
+ 30
0. K.
.009
0. K.
52.0
37-39

170
300

98

170
300
185
194

206
212
219
226
236
246
264
281

Lacquer
Diluent

59.2
+ 30
0. K.

o111
0.K.

53.0
37-39

194
268

26

76
93
98

98

194
268
199
203
209
213
216
219
223
227
233
243
252

125

70/72  Special
Naph. Solvent
70.7 67.5
+30 430
0.X. O.K.
.008 012
0.K. O.K.
56.1 53.9
104 135
290 234
4
16 1
32 12
49 49
65 80
79 95
83 97
88 98
93
95
97
98 98
1 1
1 1
104 135
290 234
123 149
132 156
145 161
156 166
166 171
177 176
187 182
199 188
214 194
236 204
264 212
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AroMATIC
Benzene

Benzene (Collg, Phil, M.W. 7805, also known as benzol, phenyl
hydride, coal naphtha) is a hydrocarhon discavered by Faraday in 1825
while compressing illuminating gas. It was later prepared by Mitscher-
lich from benzoic acid and he named it “benzin” or “benzine.” It was
Liebig who proposed the name of “benzol.” Hofmann was the first to dis-
cover, in 1834, its presence in coal-tar. At the present time benzene is
commercially obtained from coal-tar light oil, illuminating gas and coke-
oven gas. The impure grades contain toluene, xylene, and tarry sub-
stances. Benzene is a colorless, limpid liquid of a highly refractive
nature, having a pleasant and characteristic odor although it is narcotic
and toxic. At 0° C. it solidifies into a crystallinc state, melts at 5.483° C.,
and boils at 80.2° C. The vapors of benzene are highly inflammable and
a benzene-air mixture containing 1.4 per cent to 4.7 per cent will explode.
Benzene vapors burn with a very smoky flame. It dissolves 0.03 per cent
of water at 3° C., 0.061 per cent of water at 23° C. and 0.114 per cent
at 40° C. TIts solubility in water is very slight., It is miscible or soluble
in alcohol, ether, formic acid, glacial acetic acid, carbon tetrachloride,
chloroform and carbon disulfide. Benzene, which is the parent substance
of an enormous number of synthetic compounds, is commercially of excep-
tional importance. It is an excellent solvent for benzyl abietate, benzyl
resins, copal ester, cumar resins, chlornaphthalene resins, cyclohexone
resins, glyptol resins, thiourea resins and other natural and synthetic
resins, gums, waxes, rubber, oleo-resins, aluminum naphthenate, alkaloids,
fats, gases and elements like sulfur, phosphorus and iodine. It will also
dissolve such cellulose ethers as methyl, ethyl, butyl, benzyl celluloses
and so forth, and such cellulose esters as cellulose dinaphthenate, dilaurate,
dipalmitate, distearate, dinitrolaurate, dinitropalmitate and diacetyl-laurate.
The solvency of benzenc is augmented by the addition of a lower ali-
phatic alcohol. For example, a mixture of benzene, or toluene, with
ethyl alcohol ranging in ratio from 10:90 to 90: 10 will dissolve methyl,
ethyl and benzyl celluloses. Other solvents used in combination with
benzene are acetone, amyl acetate, henzyl alcohol, butyl acetate, carbon
tetrachloride, ethyl alcohol, ethylene glycol, methyl alcohol and so forth.

Benzene is used in the manufacture of synthetic dyes and drugs, in
photography, in electrotechnics, in artificial leather, linoleum and oil-cloth
fabrication, in enriching gases, and as an antidetonant or knock sup-
pressor. Large quantities of benzene arc used as a solvent in varnishes,
quick-drying asphalt and coal-tar coatings, and as a diluent in the lacquer
industry, in airplane dopes and so forth. An even wider use of benzene
is prohibited by its narcotic and toxic properties exhibited by totally
destroying the leucocytes of the blood. Its use in spraying compounds
calls for especially designed booths and exhaust equipment. Its further
uses are as a substitute for acetylene in autogenous welding; in the puri-
fication of paraffin, waxes and resins; in the process of engraving, litho-
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graphing and dry-cleaning; as a constituent part of prepared waxes,
traffic paint, rubber cement, tire paint, special textile soaps and motor
fuels; and as a preservative in sizings of starch and albumin. It is
employed in film manufacture, electric insulation and molded and thermo-
plastic compounds; for its solvency, in penetrating stains; combined with
alcohol, in spirit stains; and admixed with acetone, as a paint, varnish
and finish remover. The addition of alcohol to benzene increases the sol-
vency for gums, resins and cellulose ethers.

Toluene

Toluene (CglI;CHz, M.W. 92.1, toluol, methyl benzene, phenyl
methane) is a colorless mobile liquid of benzene-like odor. It was dis-
covered by Delletier in 1838, and three years later Sainte-Claire Deville
prepared it by the distillation of Balsam of Tolu, whence its name.
It is now obtained by the fractional distillation of coal-tar light oils
and illuminating gas. Toluene is an important starting point in the
manufacture of organic preparations such as intermediates, dyes, per-
fumes, drugs, explosives (T.N.T.) and so forth. As compared with
benzene its vapors are less dangerously toxic, less inflammable, and
it has a slower ratc of evaporation. As compared with butyl acctate
and n-butyl alcohol, toluene will evaporate twice as fast as the former
and four times as fast as the latter. It is soluble in alcohol, benzene,
cther and so forth. It is used to a large extent in the paint and varnish

TABLE 36.—Solubility of Various Dyes in Toluenc®

Minimum cc. Minimum cc.
toluene toluene
to dissolve to dissolve
Dye 0.5 gram Dye Dye 0.5 gram Dye
0il Maroon 5 Scarlet RR 15
Scarlet H 5 Naphthol Black 15
Indiana Red 5 Sudan ITI 16
Butter Yellow 5 Azo Turkey Red 16
Maroon I 5 Sudan R 16
Scarlet M 5 Sudan Brown 16
Chrome Fast Yellow 5 Xylidine Brown M 20
Sudan II 5 Maroon II 20
Sudan VII 5 Maroon III 20
Xylidine Red N 5 0il Brown 25
Sudan I 6 Benzidine Puce 25
Walnut 6 Alizarin Scarlet 30
Rose 6 Sudan VII 30
Azo Coccine RR 6 Congo Red A 30
Qil Scarlet 7 Cloth Red BB 35
Spirit Yellow 7 Aniline Yellow G 35
aphthol Brown 7 Cloth Red G 35
Xylidine Brown 7 é-N(ilt;roz;niline Red 30
Xylidine Red 1 ardina 0
Sodan VI o Alizarin Yellow GG 50
Sudan IX 10 Sudan G 50
Sudan X 10 Chrysamine G 75
udan Benzidine Puce A 95

Naphthol Brown II 15 m-Nitroaniline Orange 100
Fast Brown O 15 Benzidine Brown 150 Inc.
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industry and it is the most widely used hydrocarbon diluent in the
lacquer trade. It is a very efficient solvent for gums, and resins such
as benzyl abictate, copals, copal esters, cumar resins, glyptol resins,
sandarac and so forth; and it will also dissolve most of the oils, some
types of cellulose acetate and many types of cellulose ethers. The sol-
vent power of toluene for cellulose derivatives is much improved by
the addition of ethyl or methyl alcohol. It is extensively used as a
diluent in cellulose ester lacquers and in combination with such active sol-
vents as will both tolerate its presence and at the same time not impair
its solvency. In its use and application in the industries it is similar to
benzene.

Xylenes

Xylenes (CH3CelI,CHj;, M.W. 106.08, dimethyl benzene, dimethyl
benzol) are colorless mobile liquids existing as three isomeric forms in
the light oil fraction of coal-tar distillates.

ORTHO META PARA
Specific gravity 0.881 0 8668 0 861
Melting point - 28°C. - 54°C. 15°C.
Boiling point 144.2° C 139° C. 138° C.

Xylene is a toxic, inflammable and dangerous liquid but in a lesser
degree than either benzene or tolucne. The commercial grade is a mix-
ture of the three isomers with the meta-compound predominating. Also
present are small quantities of toluene, cthyl benzene, and pseudocumene
(trimethyl benzene). The lower-boiling impurities, accordingly, reduce
the boiling point while the higher ones retard evaporation. The rate of
evaporation of xylene is similar to that of amyl acetate and as compared
to benzene or tolucne it has a slower rate of cvaporation and somewhat
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Ficure 18. Effect of Temperature in Comparative Distillation of
Various Solvents.*
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lower solvent power. In other words, xylene exerts the same solvent
action as does benzene or toluene only in a somewhat lesser degree. The
solvent property of this homologous series is similar to that of other
homologous series, in that, with an increase in molecular weight within
the homologous groups, a corresponding decrease in solvency is apparent.
Like lower members in this group, the addition of a lower aliphatic alco-
hol to xylene adds to its solvent power for cellulose esters and ethers.
It is soluble in alcohol, cther, hydrocarbons and so forth, and is used in
place of benzene or toluecne wherever a slower rate of evaporation is
desired. It is also used as a solvent for the higher oxidized alkyd resins,
phenol-resin-wood oil varnishes, in microscopy, and as a starting point
in organic synthesis.
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IFicure 19. Lvaporation Rate of Solvents in TFig. 18 at 25° C.

Substitutes

A number of petroleum solvents and diluents with narrow distilla-
tion ranges have recently appeared on the market. The following are
a few of these:

Bengene substitute consists principally of heptancs and has a distilla-
tion range similar to that of 90 per cent benzene.

Specific gravity 0.720
Distillation range 86°-100° C.
Refractive index 1.39 at 20° C.
TFlash-point 10° I,

Toluene substitute is composed largely of octanes and will dissolve
bitumens and rubber.

Specific gravity 0.743
Distillation range 100°-140° C.
Refractive index 1.40 at 20° C.

Flash-point 30°F.
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Xylene substitule has the following characteristics :

Specific gravity 0.760
Distillation range 130°-170° C.
Refractive index 1.41 at 20° C.
Flash-point 45°F.

Coal-Tar Naphtha

Naphtha is an old term referring to the volatile material of bitumen
liguidum candidum of Pliny. This was a term used by the alchemists
to imply volatile, mobile, inflammable liquids, and hence the term coal-tar
naphtha refers to the volatile portion of coal-tar. Naphtha (solvent
naphtha) appears on the market in several grades. The lighter fractions
are composed of mixtures of toluene, xylene isomers, ethyl benzene and
propyl benzene; and the heavier mixtures are made up of pseudocumene,
isodurene, mesitylene, ethyl-p-xylene, hemimellithene, indene, durene,
coumarone and naphthalene hydrocarbons.

The light grades have a boiling range ot 110° to 160° C. and are sol-
vents for natural and synthetic gums and resins, such as ester gum, copal
ester, benzyl abietate and benzyl resins, oils, bitumen, rubber and many
cellulose ethers. They are miscible with acetone, amyl alcohol, cthyl
alcohol and hydrocarbons. Solvent naphtha has found wide application
where strict specifications are not required. However, close-cut {ractions
whose boiling points are high have made an inroad as lacquer diluents
of cellulose cthers and esters. The bulk of naphthas are used in coatings
of coal-tar pitch, stearin pitch, petroleum pitch, asphalt and cold-cut East
India gum. They are also used in flat varnishes, antifouling paints, syn-
thetic coatings and in plastics and moldable masses. They are solvents
for aluminum stearate for waterproofing, thinners in gold and aluminum
bronzes, and are used in penetrating stains and in paint, varnish and
finish removers. Their addition to phenol resins and Congo varnishes,
and in similar mixtures, prevents skinning and gelling. Because of the
properties of flood prevention and improved flow, naphtha makes a valu-
able adjunct to enamel liquids and baking Japans. Their presence in
petroleum solvents adds to the solvency of the mixture. Solvent naphtha
has been nitrated for the purpose of incorporation into dynamite com-
positions.

Heavy naphthas (crude heavy solvent naphtha) of commerce are sold
as “refined” and “semi-refined” grades, of which there are a number
of fractions. Their solvent power is the same as that of the light grades
of naphthas but they differ in that their higher boiling points and lower
rates of volatility make them unsuitable for lacquer compositions, The
following is an approximate analysis of heavy solvent naphthas.

per cent
Coumarone, indene, styrene, etc. 40
Hi-Flash naphtha components 40

Methyl naphthalene and naphthalene 20
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The dark grades are used as solvents in dark-colored paints, bituminous
paints and enamels and asphalt road-tars, and in saturating ashestos hoard,
brake lining, fabric transmission felt, pipe coatings, shingle stains and
shup-bottom paints. Hi-Flash naphtha is a solvent for oils and natural
and synthetic resms such as ester gum, Bakelite resins, Neville resins,
alkyd resins, glyptols, benzyl and other resins. This fraction of naphtha
is also used as a slow-drying solvent and thinner in varnishes, paints,
enamels, lacquers, coatings and in grinding vehicles. Its high boiling
point, low rate of evaporation and greater solvent strength impart the
desirable qualities of better flow, brushing, leveling, spraying and general
working qualities. They also retard thickening and skinning, and reduce
viscosity. Still other uses are in sterilizing sutures, in printing inks, shoe
polishes, blacking and leather dressing, in oil-cloth and linoleum manu-
facture; and when admixed with alcohol, as a paint and varnish remover.
The yellow Hi-Flash naphthas are used in coatings where off color and
moderately pronounced odor arc not objectionable. Some fractions of
naphthas are especially designed as thinners for enamecls which are to be
applied to copperware, and in order to secure proper leveling and adhesion
of the film at high-temperature baking. Other types are used in cleaning
compositions, naphtha soaps, in the process of engraving and lithography
and in rubber cement.

Hi-Flash naphtha has a higher distillation range than xylenc or ordinary
solvent naphtha. Analyses indicate its approximate composition :

per cent
Ethyl benzene, xylenes, cumence, propyl
benzene, and ethyl toluene 10
Trimethyl benzene 45
Tetramethyl benzenc 40
Naphthalene 5

The refined Hi-Flash is a non-toxic liquid of mild odor and high solvent
power. It is added to many petroleum thinners to fortify their solvency
for natural and synthetic resins, and is used in ordinary enamels, house
paints, flat wall and interior paints. It has about the same flash-point as
turpentine but it differs by having a lower rate of evaporation. Pine
oil, turpentine or essential oils are often added to this product to give it a
fine odor. It is widely used in the field of alkyd resins.

Ethyl Benzene

Ethyl benzene (CgHzCoHj;, M.W. 106.08, phenylethane) is a color-
less liquid and is soluble in alcohol, ethers, hydrocarbons and so forth.
Ethyl benzene has the same solvent power as, and some of the physical
and chemical characteristics of xylene and, like it, is used as a solvent
for synthetic resins and as a diluent in lacquers. It is also used in organic
synthesis. Some have proposed its admixture with lower aliphatic alco-
hols or lower alkyl acetates as solvent-mixtures for cellulose ethers.

Boiling point 136° C.

Melting point —94° C.
Specific gravity 0.867
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Cumene

Cumene (Ce¢Hs;CH(CHj)s, PhCH(Me),, M.W. 120.15, cumol, tri-
methyl benzol, isopropyl benzene) occurs as a mixture with pseudocumene
and mesitylene in cumin oil. It is a colorless liquid, soluble in alcohol,
ether and benzene. Cumene has a narrower distillation range than ordi-
nary Hi-Flash naphtha and is used as a lacquer diluent, in organic syn-
thesis and in sterilizing catgut.

Boiling point 153° C.
Specific gravity 0 862 at 20° C.

Styrol

Styrol (CegH;CHCH., PhCHCH., M.W. 104.06, styrolene, styrene,
phenthylene, vinylbenzene, phenylethylene) is a highly refractive, color-
less, aromatic liquid, soluble in alcohol, ether and so forth. It is used
in organic synthesis and resin formation, and together with triphenyl
phosphate as a plasticizing mixture for nitrocellulose to impart water-
proofness.

Boiling point 145°-6° C.
Specific gravity 0.903 at —220*2
’ 40° C.

Dibenzyl

Dibenzyl (Cy4Hiy, MW, 182.11, bibenzyl) occurs in two forms; one
is the asymmetrical form which is a colorless liquid (MeCHPhy) with
a boiling point of 209° C., and the other is the symmetrical form which
is a white crystalline solid (PhCHCIIPh, diphenyl ethane) with the melt-
ing point at 52° C. and the boiling point at 284° C. These compounds
are soluble in ether and chloroform and are advocated as solvents for
nitrocellulose. The addition of acetone improves their solvency.

Coal-tar Creosote

Coal-tar creosote (creosote oil, liquid pitch oil) is an oily distillate,
yellowish to dark green-brown in color, obtained from the high-boiling
fractions of crude coal tar. Chemically, it is a mixture of cresols, oxy-
cresols, methyl cresols and other phenols. In specific gravity, these range
from 1.03 to 1.10 and distill between 200° and 400° C. They are soluble
in alcohol, benzene, toluene, ether, chloroform, volatile oils and so forth.
Heavy creosote is used as an absorbent in the recovery of light hydrocar-
bons from coal-gas.

Its disinfecting properties make it applicable as a preservative for
piling, railroad ties and lumber used for the same purpose. It replaces
the sap and renders the wood non-absorbent and inhibits germ life. Beech-
wood creosote is a colorless to yellow oil with a characteristic smoky odor.
Its specific gravity is about 1.08 and it boils between 205° and 220° C.
It is used as an antiseptic and local anesthetic. The light types of coal-tar
creosote oil are used as shingle stain oil, in pipe coatings and in plastic
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products formulated from coal-tar pitch. Their behavior is that of a
penetrant, wood preservant, and water repellant. By heating with sulfur
in the presence of an oxidizing gas, the solvent properties of this oil are
increased for coal.

Terpenes

Cymene (M.W. 134.11, p-cymene, cymol, methyl-isopropyl benzene,
p-cymol, 1-methyl-4-isopropyl benzene) is a pleasant-smelling liquid
whose odor resembles parsley. It is present in both light resin oil and in
spruce turpentine but it is commercially obtained as a by-product in the
sulfite-pulp paper industry. It is known here as “spruce turpentine,”
“black liquor,” and “sulfite turpentine.”

Isopropyl Toluene Cymene (O), colorless liquid, CH3CgH4CsHy
Specific gravity 0815882 o(lé&" C.) insoluble in water;

Melting point - soluble in alcohol
Boiling point 175° C. and ether
Isocymene Cymene (M), colorless liquid, CH3CeH,C3Hy
Specific gravity 0.862 (20° C.) insoluble in water;
Melting point - 25°C. soluble in alcohol

Boiling point 175-6° C. and ether

Cymene Cymene (P), colorless liquid, CHsCsH4CzH¢
20° C.

Specific gravity 0.857 at 0°C insoluble in water;
Melting point —-1735°C. soluble in alcohol
Boiling point 176-7° C. and ether

Cymene is soluble in acetone, ethyl alcohol, ether, chloroform and
most other solvents. It is an excellent solvent for oils, fats, resins, hydro-
carbons and many other substances. When this substance is admixed
with ethyl alcohol, acetone or #-butyl alcohol, the resulting mixture is

TABLE 37.—Solubility of Various Substances in p-Cymene

Temp.

Substance Grams in/100 cc. °C)
Acetanilide 7.23 30
1.72 30
9.24 100
Anthracene 98.60 176
Antipyrine 2.09 30
.76 30
Caffeine 15.58 175
deca-Camphoric acid 1.53 100

2.93 23.5
16.77 100
Hexachlorobenzene 106.95 176
Naphthalene 14.22 30
B-Naphthylamine 8.63 30
o-Nitroaniline 6.33 30
m-Nitroanijline 1.36 30
p-Nitroaniline .83 25
Phloroglucinol A2 175

Strychnine .1 30



HYDROCARBONS, HYDROGENATED DERIVATIVES 135

an excellent solvent for paint and varnish and will readily mix with many
lacquer solvents. These mixtures are consequently recommended as paint
and varnish removers. Para-cymene is the starting point for a number
of synthetic products, and is used in metal polish and as a substitute for
turpentine. Its high boiling point makes it applicable in such molecular
weight determinations where elevated temperatures are required.

Dipentenes

Dipentene (CioHye, diamylene, cinene, dipentine, inactive limonene)
is a colorless liquid of a pleasant and agreeable lemon-like odor. Com-
mercially, it is obtained both by close fractionation of wood turpentine
and as a by-product in synthetic camphor manufacture,

Max. Min,
Specific gravity (15.5°C.)......... 0.854 9.845
Refractive index (20°C.)......... 1.477 1.472
Residue after polymerization with

3ON.HsSOu.oo cvvvvinnnnnn. 2.5%

Initial boiling point.............. 170° C.
90% Boilingat.................. 182° C. 177° C.
Dryflask........coovveneiinnn. 188° C.
Color....ovviii i Water-white

Dipentene is a strong solvent for oleoresinous products, rosin, ester
gum, cumar and alkyd resins, waxes, metallic soap driers and so forth.
This terpene is used as a dispersing agent for oils, resins, resin-oil com-
binations, pigments and driers. It also has the valuable qualities of
retarding skinning and gelling and it imparts good flow. Its uniform
rate of evaporation both retards initial hardening and exerts levelling
action. It has further uses as a thinner for grinding varnishes, as a sol-
vet in chinawood oil varnishes, and as a wetting and dispersing agent in
other industries. By adding 15 to 25 per cent of dipentene to petroleum
thinners the mixture becomes a solvent for the petroleum-insoluble resi-
nous material.

Should the resinous material, on the other hand, be soluble in a
petroleum thinner, the addition of 5 per cent dipentene will impart both
excellent working qualities and a pleasant odor. An addition of 5 to
10 per cent dipentene is recommended for air-drying and baking finishes.
It is further used to replace turpentine and petroleum solvents in floor
waxes and furniture polish.

Solvenol

Solvenol is a refined form of dipentene. Like dipentene, it imparts
gloss and adhesion to quick-drying enamels. It has properties similar
to those of turpentine with the one difference of having a slower rate
of evaporation. It will dissolve resins readily and is used as a solvent
in paints and enamels. It is also used in the reclaiming and devulcanizing
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of rubber, in textiles and in the synthetic resin industries. Solvenol has
the following composition:

per cent
Dipentene 55
Pinene, terpeneol, and fenchene 15-20
Paramenthane and cymene 5
Terpinolene 20-30
Properties of Solvenol
Max. M.
Specific gravity (15.5°C.)... .... 0.86 0.850
Refractive index (20° C.).. 1.478 1.470
Unpolymerized residue. . 4.09% ...,
Initial boiling point.............  ...... 165.0° C
Mossture, less than.............. .01,
Color, Lovibond tintometer:
amber....o.oooiiii
red.. e e
Odor......... vovvviininnnn,
Distillation 90%
Distillation 959,. . e
Endpoint...............covn.t.

Flash-point,
Cleveland open cup....

TABLE 38.—Solubility Tests®

. Paranol Paranol
Bakelite Bakelite Bakelite Nevin- Hard Ex.Hard Amberol
XR 254 XR 352 XR 302 dene No 1 No. 1 BS-1 Rezyl
~(cc of Varsol required to cause precipitation from 100 ce of a 509, solution)- «

Solvenol No 1 Insol. 10 135 0O K* O K. 0. K. 0K O K.
Dipentene No 122} " 5 80 0. K O K. 0. K. 500 875

Hercosol No. 80 40 55 220 0 K 0. K. 0. K. 0. K. 0. K.
Hercosol No. 801 140

Varsol Insol. Insol. 25 O K. 0. K. 0. K. 250 875

Yarmor pine oil 87 150 350 —_— -—- — 300 0. K.
P. W. Turpentine Insol. Insol. 53 —_— —_— J— 355 0. K
Pinene No. 111 . ‘o 57 —_— — — 375 0. K

*0Q, K. means a dilution with 1000 cc _of Varsol without precipitation.
Refined Dipentene contains Pinene, Terpinene, Terinolene and Cymene.
Steam-distilled wood turpentine used as diluent,

TABLE 39.—Solubility of Synthetic Resins in Hercules Terpene Solventst
Dipentene S D. Wood Solvenol Herco Hercosol Pinene VM &P,

Resin No. 122 Turpentine No. 1 Pine Oil No.80 No. 111 Naphtha
Dulux (varnish type) Sol. Sol. Sol. Sol. Sol. Sol. Partly sol
Teglac “ Partly sol. “ " “ Partly sol. *
Rezyl No. 11 . nsol. . o " nsol. Insol.
Rezyl No. 12 “ o “ “ “ m “
Rezyl No. 17 " Sol. . . i Sol. Partly sol.
Rezyl Balsam No. 33 “ Insol. " “ “ Insol. Insol.
Rezyl Balsam No 53 “ Partly sol “ . “ Partly sol. “
Mow:hth H Insol. Insol. No data Nodata Nodata No data .
Mowilith-N o o o “ “ “
Mowilith-G " “ “ “ “ “ “
Kurthoff & Plckhardt
Resin E- Sol. Sol. Sol. Sol. Sol. Sol. Partly sol.

Kurthoff & Plckhardt

Resin 26-M *Insol. *Insol. *Insol. Sol. Sol. *Insol. Insol.
Kopol No 9 Sol. Sol. Sol " “ Sol. "
Bakelite XR-254 *Insol. *Insol. *Insol. " . *Insol. ‘“
Bakelite XR-352 Sol. *Insol. Sol. . . *Insol. .
Bakelite XR-302 “ Sol. o “ “ Sol. Sol.
Nevindene “ “ “ “ “ m M
Hard No. 1 Paranol " “ . o . . "
Extra-Hard No. 1 Paranol “ . . s " " “
Amberol Bs_l “ " " “ “" “ "
Lewisol No. 2 “ “ “ “ “ “ “

*Resin-drying oil combinations soluble in, and solutions capable of dilution with, petroleum thinners.
Thinning tolerance of Solvenol No. 1 and Dlpentene No. 122 considerably greater than that of Turpen-

tine or Pinene.
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TABLE 40A.—Solubility of Synthetic Resinst*

Resin  Resin  Resin  Resin  Resin  Resin  Resin  Resin  Resin
No.1t No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9

Solvent (cc of Varsol required to cause preciprtation)
Hercules steam-distilled
wood turpentine 30 0. K. 33 0. XK. 15 12 6 1 19
Hercules dipentene
No. 122 | 38 0O K. 43 0. K. 26 16 10 3 23
Yarmor pine oil 115 0. K. 146 0. K. 106 45 38 18 53
Varsol 5 140 11 0. K. 7 3 1 Insol. 8

. *These tests were made by dissolving 10 grams of resin in 10 grams of the solvent named and titrat-
ing with Varsol (petroleum thinner) until precipitation of the resin occurred. 0. K. signifies no precipita-
tion upon dilution to 4 per cent resin concentration.

TaBLE 40B.—Solubility of Synthetic Resins®™*

Resin  Resin  Resin  Resin  Resin
No.5 No.6 No.7 No.8 No.9
(cc. of solvent required

Solvent to cause precipitation)
Varsol 18 25 21 Insol. 29
Hercules steam-distilled
wood turpentine 0. K. 48 28 26 92
Hercules dipentere
No.122 0.K. 150 63 3 0.K
Yarmor pine oil O0.K. O0.K. 0O0.K. 0O.K. O.K.
*These tests were made by titrating the resin directly with the solvents named.
tResin No. 1 = Beckacite No. 1100 Resin No. 4= Beckacite No. 1112
Resin No. 2= Beckacite No. 1102 Resin No. 5 =Beckasol No. 1
Resin No. 3 = Beckacite No. 1110 Resin No 6=No. 1301 P.X. Oil sol.

Resin No. 7=No. 1304 =A. D.—O1l Solution
Resin No. 8= No. 1308 = Beck-O-Lac Solution
Resin No. 9=No. 1310=A. D. Solution

Turpentines

Gum turpentine, gum  spirits, spirit of turpentine, turpentine and
oil of turpentine arc names given to natural turpentine. This highly
mobile, inflammable liquid is obtained by the steam distillation of oleo-
resins obtained from coniferous trees (pine tree family). Chemically,
turpentine is composed of alpha and beta pinene, dipentene, terpinenes,
borneol, fenchyl alcohol, limonene and traces of camphor. The natural
turpentines have common physical properties which vary within reason-
able limits; but their chemical constituents vary with the source of the
oleoresin, the method of distillation and the degree of oxidation and
polymerization which they have undergone. Spirit of turpentine is an
excellent solvent for oils of all kinds, olcoresins, metallic soaps, blown oil,
fossil gums and so forth, and is used in surface coatings as primers, flat
paints, varnishes and enamels. Its presence imparts penetration to a solu-
tion of metallic soaps and to priming coats, and clarity to dammar var-
nishes. As a solvent turpentine is used in slack-melt varnishes, short-oil
varnishes which are made from kauri, manila and so forth. The wetting
qualities of turpentine are a desirable property in coating mixtures, thus
finding application both in coatings where the pigments are required to be
held in suspension and in grinding varnishes. It also imparts brilliancy,
flowing qualities and good working properties.

Wood turpentine is made by the steam distillation of dead pine wood.
Chemically it is a mixture of 85 per cent alpha pinene with the remaining
portion consisting largely of dipentene. This larger amount of dipentene
imparts better wetting qualities and greater solvent power than gum tur-
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pentine. This predominance of alpha pinene gives it a narrower dis-
tillation range than that of the spirit of turpentine, although the rate of
evaporation is about the same. For industrial use, however, these two
products are interchangeable. Wood turpentine, made by the destructive
distillation of pine tree stumps, is a rather crude grade of turpentine and
contains more impurities. It is dark in color, stronger in odor and more
powerful in solvent action. When this is refined it is used in cruder
grades of paints, varnishes and enamels. It also finds use in stains and

Courtesy of Hercules Powder Co.

PLaTe 4. Fronds of Long-leaf Pine.

asphalt paints. The wetting and penetrating power of turpentines carries
the paint or varnish below the applied surface and in so doing binds it
sufficiently to prevent its peeling off. Turpentine vapors will cause nausea,
irritate the skin, and will corrode copper, iron and so forth.

“Even more varied, both in sources and in uses than the natural tur-
pentines, are the artificial or synthetic and substituted substances. While
these three types differ chemically, all have one important characteristic,
namely, that of a common solvent power.

Unlike the substituted turpentines, the artificial or synthetic types
have chemical properties somewhat similar to the natural products. Both
the artificial and natural turpentines contain chemicals belonging to the
terpene group. On the other hand, the substitute materials are entirely
different chemically from both the natural and the synthetic. These sub-
stitutes are made from petroleum oils and contain their lighter fractions.
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Any substance used in place of the natural turpentine whether it is arti-
ficial, synthetic or a substitute should have the following physical prop-
erties:

Colorless and lustreless or nearly so.
Solvent and thinning powers for varnish and paint equal turpentine.
Odorless or an odor that is not disagreeable.

Courtesy of Hercules Powder Co.

Prate 5. Pine Stumps—the Raw Material.

Evaporation uniform and not too rapid. It must not begin to distill
over 120° C. and the upper limit should not be over 180° C.

Evaporation residue not over 0.5 per cent.

Flash-point, 30° C. or above.

Specific gravity, 0.775 at 15.5° C.

Neutral in chemical reaction.

Clear and free of suspended matter.

“One general type of turpentine substitute is made by the hydrogenation
of naphthalene, sold under such trade names as Tetralin and Dekalin, The
former represents the partial hydrogenation and the latter the complete
hydrogenation of naphthalene. These do not appear on the market as
chemically pure products but contain lower or higher hydrogenated naph-
thalene.

U. S. Patent No. 1,483,739 claims the use of hydrogenated naphthalene with or
without the addition of natural turpentine as a diluent in shoe polish,
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“The petroleum fraction boiling between 150° C. and 170° C. consisting
chiefly of nonanes and decanes is being sold as a turpentine substitute.
Other mineral spirits of this same type are made by the special oxidation
or distillation of petroleum, gas and tar oils. Some of the other products
in this group of substitutes are benzine, benzene and its homologs, solvent
naphtha, heavy benzol, and white spirits. British Patent 6643 (1913)
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speaks of a turpentine substitute obtained by the oxidation of petroleum
oil with picric acid. The resulting product is then subjected to distillation
at a temperaturc between 200° and 250° C. Another process [British
Patent 273,832 (1926)] trcats olefinic material with ozone or ozonized
air at about 35° C. below the boiling point of the material. The sub-
stance obtained is suitable as a turpentine or linsced oil substitute to be
used in paint.

“Below is a list of the various key patents on turpentine substitutes
made from a petroleum base.

French Patent 354,425. 60 parts of pctrolcum oil and 40 parts terebinthine are mixed
and rectified over lime.

U. S. Patent 1,543,570. Refined petroleum is treated with calcium carbide and an
alkali. Pine oil is added to the finished product.

British Patent 126,089 (1918). 100 parts of petroleum, 3 parts of soda, and 300
parts of water are distilled at 95° to 110° C.

U. S. Patent 1,572,902, An acidulated mixture of resin and naphtha is distilled.

British Patent 1927 (1911). A petroleum distillate.

French Patent 661,183 (1928). Benzine and sulfur chloride are mixed and agitated.
Calcium chloride or an alkali or alkaline carth hypochloride may be added at
the same time.

Danish Patent 2219 (1917). Petrolcum is distilled with a suitable alkali or an alka-
line salt. This method serves to separate out the heavy oils.

Chemical Abstracts, 1927, page 1,346. Distillation of light oils from Russian
petroleum.

“Other products resembling turpentine which find their way into com-
mercial channels are vegetable compounds similar to the terpenes. They
are made by the oxidation, dehydration or special distillation of pine oil,
rosin oil, pine needle oil, or other members of the terpene group of
chemicals. Some are known as “wood turpentine,” “sulfite turpentine,”
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“Turpenteen,” “Terpentix,” “Pinex terpentinol,” “Teropine,” and “San-
gojol.” “Recovered turpentine” and “regenerated turpentine” are names
applied to mixtures of terpenes, often having a peculiar camphor-like
odor. These are used as synthetic turpentine and are obtained as by-prod-
uct in the manufacture of bornyl chloride and artificial camphor. Super-
turpentine is a spirit of turpentine rectified below 160° C. This eliminates
all constituents other than pinene. “Sangojol,” sometimes known as crude
Borneo naphtha, is a Borneo petroleum distillate containing cyclic hydro-
carbons.

“Following are some of the basic patents on synthetic turpentine made
from terpene chemicals indicating the character and sources of these
materials :

U. S. Patcnt 1,572,766. Gum of pine, Canada balsam or Peruvian balsam is mixed
with 1 to 5 per cent H;PO. and distilled at 310° C.

British Patent 27,024 (1908). Pinc oil, resin oil or resin spirit containing 1 per cent
acetic acid are steam distilled.

French Patent 394,467 (1908). Pinc oil containing 1 per cent acetic acid_or resin
acid is heated under 5 atmospheres of pressure in the presence of moist ozone.
Then 65 per cent of slake lime is added and the mixture distilled.

UJ. S. Patent 1,463,122, Dinc oil is fractionally distilled between the temperatures
225° C. and 350 C. 1n the process of distillation the vapors arc subjected to
the action of a catalyst such as cuprous chloride, cupric chloride, aluminum
chloride, hydrochloric acid, or other metal chloride.

U. S. Patent 1,772,895. Pince oil is subjected to distillation in the presence of a
contact catalyst (Fuller’s carth) at a temperature of about 225° C. Instead
of argillaccous earth such as Fuller’s earth, silicious earth such as kiesclguhr
may be used. Activated carbon may be used.

FFarben Ztg., 17, 1069-7. Mixing colophony, light rosin oil, and a small amount
of essential oils.

I'rench Patent 400,180 (1908). Rosin oil is heated at 400° C. for 5 minutes in the
presence of an alkali, then distilled with 0.5 per cent lye.

U. S. Patent 1,691,066, A mixture of pine oil and a halogen is subjected to slow
steam dlstxllatlon The halogen may be iodine, chlorine or bromine, In addi-
tion to a turpentine substitute there is also formed borneol. The substitute has a
specific gravity of 085 to 0.86, refractive index 1.475 to 1.477 at 20° C., initial
boiling point 170° C., and 75 per cent will distill below 185° C.

Another substitute is made by distilling colophony at 270° C. in a vacuum.

U. S. Patent 1,593,030. 1,000 gallons of pme oil, and 50 pounds cach of phosphoric
acid (85%) and sulfuric acid (66° Bé.) are mixed and heated to 120° C. for
two hours. Often this reaction water is drawn off from the bottom of the
container, The acid in contact with pine oil is neutralized with soda ash.
The altered pine oil is then fractionally distilled. In place of the above acids
other dehydrating materials may be used such as zinc chloride, iron chloride
and aluminum chloride. The physical properties of the resultmg turpentine are
as follows: specific gravity 0.8620 to 0.8640 at 15.5° C., refractive index
1.4668 to 1.4673 at 20.0° C., initial boiling point 150° to 154° C., 90 per cent
will distill below 170° C., polymerization rcsidue 2 to 3 per cent, flash-point
34 to 35° C,, and water-white in color.

German Patent 3420. 100 pounds of colophony, 20 pounds of soda and 50 of water
are boiled together, and then mixed with 250 pounds of water and 24 pounds
of ammonia. The resulting product is a substitute for turpentine or lin-
seed oil.””
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Colledge ® is of the opinion that destructively distilled wood turpentine
is superior to all other terpenes for use in the paint and varnish industry.
The following is a table of the comparative solvency of some paint and
varnish dissolvents as measured by the Kauri-Butanol test.

Lakol 114.8
Turpentine 82.1
Dipentene 105.1
Pine oil infinite
Gum turpentine 56
Steam distilled turpentine 58
Steam distilled dipentene 60
Steam distilled pine oil infinite
Toluene 106.7
Xylene 88.2
Solvent naphtha 85.3
Mineral spirit 35.0

Fractions of distillate used in the paint, varnish and lacquer industry
are shown in Table 41.

TaBLE 41.—Turpentines

Specific Refractive Boiling
Gravity Optical Index Point
at 15.5° C. Rotation at 20° C. ©C)
American turpentine from crude 0.8670 - 18.8 1.4690 155.0
gum of medium quality (20°C.)
American turpentine from crude 0.8695 -21.6 1.4735 155.5
gum of poor quality (20°C.)
Newport steam-distilled wood 0.860- 1.4660- 154.0
turpentine 0.864 1.4675
Hercules steam-distilled wood 0.860- 1.465- 150-158
turpentine 0.866 1.469
Aleppe pine oil spirits 0.8543- + 46.90- 1.4638- 155-158
0.8568 46.6 1.464
Algerian turpentine 0.8543-  +46.2- 1.4636- 155-156
0.8546 46.8 1.4638
Austrian turpentine 0.863- - 36°30"to 1.46905-
0.870 - 39°10° 1.47033
French turpentine from crude 0.8700 -34.1 1.4714 154.8
gum of medium quality
French turpentine from crude 0.8730 - 34.2 1.4725 154.8
gum of poor quality
Greek turpentine 0.8605- + 34-41 1.465~
0.8660 1.474
Russian turpentine 0.862— +3°to 1.470~ 156-171
0.872 20° 1.475
Sicilian turpentine 0.856- + 25° 1.4464-
0.863 1.4681
Spanish turpentine 0.865- - 29 to 1.4805 155-156
0.875 -23
Venetian turpentine 0.865- - 8°15"to  1.46924

0.878 -11°
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C ote.ry of Hercules owdcr Co.
Prate 6. Half a Day’s Wood Supply at Brunswick Plant.

Pine Oils

Pine oils are obtained by the distillation of the cones and needles of
the various species of pines. These oils are also obtained from the stumps
of the long-leaf, yellow pine trees. Steam-distilled pine oils are obtained
by the extraction of chipped stumps by means of hot steam and solvents.
The destructively-distilled stumps of pine trees yield a pine oil that is
known as destructively-distilled pine oil. Pine oil is a powerful solvent
for both natural and synthetic gums and resins, oils and many of the
cellulose ethers. This oil is miscible with most of the lacquer solvents
and is used as an emulsifying agent, solvent, deodorant, germicide and
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insecticide; as a source of terpineol, terpene hydrate and fenchyl alcohol;
and as a denaturant for alcohol. The ore flotation process requires large
quantities of pine oil. In dilutions of 1 part in 150,000, it exerts an
affinity for the greasy sulfide particles in a mixture of crushed ore and
water. It is also used in the separation of metals in the gangue; and
because of its powerful emulsifying action it is made a contituent part of
metal polishes, cutting oils, liquid soaps and other types of grease, oil and
fat-containing emulsions. Pine oil soap is composed approximately of
75 per cent soap (50% soap and 50% water) and 25 per cent pine oil.
It is transparent and an excellent emulsifying agent for vegetable and
mineral oils. These soaps prohibit the formation of scums and are
therefore widely used in laundries, dry-cleaning and in textile process-
ing. It is used in paints and varnishes for its piny odor, solvency, pene-
tration, wetting qualities and so forth.

Courtesy of Hercules Powder Co.

Prate 7. Shredded Pine Chips Ready for Extractor.

Pine oil is used both in air dried and baked finishes to the extent of
2 per cent in the former and not more than 5 per cent in the latter. In
varnishes of the phenol-resin type, the presence of pine oil prevents pre-
cipitation, gelling and skinning. Its use is recommended in paints and
varnishes owing to its ability to impart wetting, penetrating and good
working qualities. Pine oil facilitates easier grinding and holds pigments
in suspension. It has further application in ship-bottom and asphalt paints,
in fungicides, in prepared waxes, and as an emulsant in dispersing metal
soaps.
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Courtesy of Hercules Powder v
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Pine oil is of exceptional merit in the processing of cotton goods,
woolens, worsteds, rayons and silks. Cotton can be washed beautifully
white with a pine oil soap. Pine oil is an efficient wetting and penetrating
agent, qualities which are both exhibited by thorough and rapid removal
of dirt and waxy materials, and excellently displayed in dyeing cotton
where a level dyeing of good depth is achieved. Its presence also facili-
tates the washing out of any excess dye. Its dispersing, detergent and
neutral properties make it particularly useful in soaps, as a rayon boil-off
agent, as a scouring agent for wool, and for degumming silk. The mak--
ing of pine oil fulling soap is another of its many uses.

Although pine oil is non-toxic and non-caustic, it exhibits disinfectant
and insecticidal properties, The following formula attests

per cent
Pine oil 62%
Rosin soap and water 37%

to a phenol coefficient of 5 (B. typhosus—modified Riedeal-Walker test).
It has been proved that when pine oil is used in the proper dilution it
will kill many of the pathogenic organisms and will repel many insects.
Smyth and Smyth 1 have indicated that pine oil has definitely valuable
fungicidal action against organisms causing ringworm. Pine oil has been
converted into mixtures of terpene hydrocarbons and ketones of lower
specific gravity and volatility, which evaporate more rapidly and are less
hygroscopic. These new close-cut, lower-boiling fractions are making
inroads as solvents for gums and resins such as copal and dammar, ester
gum, kauri, manila, metallic soaps, cellulose ethers, and so forth. Further
uses are in dipping and brushing lacquers, in reclaiming of rubber, in

TABLE 42A.—Constituents of Pure Steam-Distilled Pine Oil
Boiling Specific Index of

Terpene Hydrocarbons gog§ (15%3%.) R?%“’c go)n
a-Pinene 155 .863 1.4664
B-Pinene 166 .865 1.4755
Dipentene 176 .848 1.4719
Limonene 175 .850 1.4746
T-terpinene 178 .848 1.4765
Terpinolene 186 .858 1.4800
Camphene 160 .850 1.4555*

Hydroxy Hydrocarbons
a-Terpincol 218 938 1.4827
B-Terpineol 209 923 1.4747
Fenchyl alcohol 201 952 Solid
Borneol 212 1.011 Solid

Oxide Hydrocarbons
Cineol 176 930 1.4568
Methyl chavicol 216 971 1.5219

Ketone Hydrocarbon
Camphor 204 987 Solid

*Specific gravity and index both at 48° C.
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TaBLE 42B.—Properties of Steam-Distilled Pine Oil

Yarmor Floto Herco

Specific gravity at 15.5° C. 0.933-0.938 0.905-0.910 0.930-0.940
Refractive index at 20° C., not under 1.479 1.475 1.479
Unpolymerized residue, not over 49, 109, 3.5%
Distillation (typical):

Distilling below 201° C. 5% 5% 5.0%

Distilling below 228° C. 95%, 959, 90.09,
Moisture, not over 1.6% 0.2%
Viscosity, Saybolt, 100° F., close to 47.5 37.5
Color Light straw Dark Straw 3’ e«glow 2 g
Odor Cha}r‘gcteristic Characteristic

ine Pine

Average weight of a gallon 7.78 1bs. 7.56 1bs.
Flash-point, Abel closed cup, not under 60° C.

quick-drying and baking enamels, in alkyd resin varnishes, and as wetting
agents in grinding liquids. When mixed with alcohols their solvency is
very much improved. Solvent mixtures which contain these pine products
improve gloss, flow, leveling and wetting properties, and prevent blushing,
skinning and rapid surface drying. They are mutual solvents for linseed
oil, turpentine, oil varnishes, nitrocellulose lacquers and spirit varnishes.
Two of these fractions, known as Hercosol and Solvenol, are manufac-
tured by Hercules Powder Company.

Rosin Spirit

Rosin spirit (pinolin) is the volatile fraction obtained from the dis-
tillation of rosin. It is a straw-colored mobile liquid with a strong and
penetrating odor. It is a variable mixture containing terpenes of the
type CioHg of which one fraction boils between 154° C. and 157° C.
and a second boils between 171° and 173° C. Other constituents are
heptene C;H;s (toluene tetrahydride, B.P. 103°-105° C.), amylene, hexyl-
ene, xylene, cumene, isobutyric acid, valeric acid and aldehydes. Rosin
spirit is a very good solvent for resins and is therefore used to some
extent in paints.

Boiling point 150°-300° C.
Refractive index 1.48-1.50
Specific gravity 0.890-0.930

209 between 200°-250° C.

259%, between 150°-200° C.
Boiling range
509%, between 250°-300° C.

HYDROGENATED ALIPHATIC AND AROMATIC COMPOUNDS

Hydrogenated naphthas are manufactured by the Standard Oil Com-
pany of New Jersey. Their work upon these compounds points out that
physical properties are changed by hydrogenation. For example, by
hydrogenation, the Kauri butanol values and the dimethyl sulfate values
and their dilution rates are increased. The same process, on the other
hand, will decrease the aniline point. These hydrogenated naphthas are
excellent solvents for resins, especially those of the synthetic type. It is
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important to note that their solvency is in direct relation to the boiling
range; thus, the higher the boiling range, the higher is the solvent power.
It means that lighter fractions have a lower solvent power than the
higher ones, and consequently in actual application the residual hydro-
genated naphthas have greater solvent power.

TaBLE 43.—Inspection of Solvesso, etc.?

. Flash°P, Gum A.S.T.M.
Aniline Tag Dimethyl Dilu- Kauri —Distillation-~
Gravity Sp. Gr. Point Closed Sulfate tion butanol Init. Final
Solvesso A.P.L 60/60 °F. (°F.)* Tester Value¥, Ratio value (°F.) (°F.)

Hydrogenated Naphthas

No.1(200-275°F.) 46.1 .797 52 60f 325 19 552 200 275
No.2(275-365°F.) 34.0 .855 —~ 1 61 620 2.8 756 275 365
No. 3 (365-419°F.) 26.2 .897 -10 135 87.0 2.6 7731 365 420
No. 4 (419-460°F.) 19.6 .937 -33 190 100.0 2.4 8571 420 540
Coal-Tar Solvents, Com-
mercial Grade

(1) Toluene 320 .85 —~70 50f 100.0 2.7 90.1f 220 260
(2) High-Flash C.T.

naphtha 320 .85 -20 93 1000 2.5 72.61t 294 390

b *All almlme points below 21.2° F, extrapolated from values of three blends in a high aniline point
urnin, -01
% auris calculated from 50/50 blend of solvent in Kahlbaum benzine of 31 5 Kaur: butanol value.
;)lor, Doctor Test, Corrosion, Sulfur for all Solvesso fractions pass standard tests.,
{Less than.

The hydrogenated petroleum solvents have increased solvent power
and are .used as solvents in protective coatings like alkyd resin finishes,
phenol-resin varnishes, short-oil fossil-gum varnishes, peat paints, primers
and dipping enamels. ‘Their presence in these preparations prevents
skinning and gelling.

Constant minimum boiling mixtures are formed with methanol, ethylene
bromide, methyl formate, cthyl alecohol, acetone, ethyl formate, methyl
acetate, isopropyl alcohol, methyl ethyl ketone, ter-butyl alcohol and ethyl
ether.

Cyclohexane
CH,— CHz\

\CH;—CHy”

hydrobenzene) is a colorless, mobile liquid of pungent odor. It is made
by the catalytic hydrogenation of benzenc and is also found as a constitu-
ent part of crude petroleum.

It is a good solvent for oils, fats, waxes, bitumens, resins, and crude
rubber. Also, it will hold 9 per cent carnauba wax, or 20 per cent
paraffin, or 15 per cent pale crepe rubber in solution. It is used for the
extraction of essential oils, and for recrystallization purposes in the chemi-
cal industry. It is an efficient paint and varnish remover (see page 122).

Cyclohexane CIl; CIT, (M.W. 84.09, hexamethylene, hexa-

Specific gravity 0.779
Refractive index 1.4263
Boiling point 80.7° C.

Freezing point 6.3°C.
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Hydrocarbon

Methane
(methylhydride, Me H)

thane
(ethylhydride, Et H)
Propane
(Propylhydride, Pr H)
Butane
(butylhydride, Bu H)
Isobutane
Pentane
(amylhydnde)

exane
(hexylhydnde)
Heptane
(heptylhydnde)
Octane
(octylhydnde)
Nonane
(nonylhydnide)

ecane
(decylhydride)
Undecane
Dodecane
Tridecane
Tetradecane
Pentadecane
Hexadecane
Heptadecane
Octadecane
Nonadecane
Eicosane
Tetracosane
Heptacosane
Dotriacontane

Hexatriacontane

2-Methylbutane
3-Methylpentane
4-Methylheptane
2-Methylhexane
4-Ethylheptane
3-Ethylpentane
2,2-Dimethylpentane
3,3-Dimethylpentane
2,4-Dimethylpentane
3,3-Dimethylpentane
2,2,3-Trimethylbutane

Isooctane

TaBLE 44.—Hydrocarbons

Molecular Physical Speaific  Boiling Point
Formula Weight State Gravity M(‘]f‘l:él Point
)
Methane Series: Normal Parafins
CHu 16.03 Ras 0.7168 M —184
g/l B —1616
C:Hs 30.05 gas 1.357 —883
g/, M —172
CsHa 441 gas 2014 B —445
e/l M —1809
CiHio 58.1 gas B 403
M —~139.0
CsHio 58 08 B —12.2
CsHy: 7209 colorless 0634 B 362
lhiqud M —-129.7
CeHue 86 11 colorless 0.658 M —-043
liquid B 69.0
CiHie 100 12 colorless 0 687 B 984
iquid M —-905
CsHun 114 14 colorless 0.706 M —-565§
liqud B 125
CeHzo 128 16 colorless 0722 M —51
hquid B 150.7
Cuollza 14217 colorless 0.751 M -30
liquid B 174
CuHaz 156.2 colorlesa 0.745 M —265
liquid B 195.8
CuaHae 170 2 colorless 0.772 M —12
hquid B 2145
CisHas 184.22 colorless 0.761 M —-6.2
liquid B 234
CuHaw 198 23 colorless 0.769 M 55
lhquid B 253
CuHs 2123 colorless 0.776 M 10
liquid B 2705
CieHu 226.3 colorless 0779 M 18
liquid B 287.5
Curlzg 240 3 sohd 0.778 M 225
B 303
CuwHn 2543 colorless 0.7668 M 30
liquid B 317
Crotso 208 31 sohd 0.777 M 32
B 330
CuHa 282 33 solid 0.794 36.4

CaHeo 3384 crystals 0 805
Corllee 380 44 crystals 0 804
CxnHes 4510 crystals 0823
CasHne 5070 0.797

wRWzEZER
3
wn

Branched Parafiins

CsHaz 72.1 colorless 0.621 M —160.5
liquid B 28

CeHu 86.1 colorless 0673 B 640
liquid

Cylls 114 14 colorless 0.722 B 118
hquid

CiHyg 100.12 colorless 0.6789 B 900
hiquid M —119.1

CiHue 100 12 lco oyclless 0.741 B 39

1qui

C:His 100.12 colorless 0 6984 M —1188
liqud B 933

CiHue 100.12 colorless 0.673 B 79
liquid M —125.0

C1Hie 100.12 colorless 0.688 B 860
liquid

C:His 100.12 colorless 0.6745 B 81
liqud M —-1234

CiHie 100.12 colorless 0.6934 M —1349
liqud B 86.0

CiHis 100.12 colorless 0.691 M ~25.4

. liquid B 81.0
CsHus 114.14 colorless 0.704 B 116.0

liquid

149

Aniline
Equiva-
lent

- 14

19
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TABLE 44.—Hydrocarbons—(Continued) .
Boiling Point

Molecular Physical Specific Melting Point
Hydrocarbon Formula Weight State Gravity (°C)
2,2,4-Trimethylpentane Call1s 114.14 colorless 0.7213 M —~107.8
liquid B 110.7
Hexamethylethane CsHis 114.14 IBVI {8: s
4-Ethylheptane CeH 1280 lqolo.gcss 0.746 B 139
iquil
2-Methylnonane CuHa 142.0 0.743

Ethane Serses: Aliphatic Olefins

Ethylene (ethene) CsHq¢ 28.04 gas 1.245 M  169.4
g/l B ~-103.9
Propylene (propene) Calls 42.1 gas l.9.‘;|7 IISVI -—1?%2
gN. —47,
Butylene (butene) CHs 56.06 gas g{ - ;36)
Amylene (pentene) CsHio 70.11 colorless 0.645-4 M —138
liqud B 40
Trimethylethylene CsHio 70.11 0.668 %34 322%‘4
—124
Hexylene (hexene) CeHye 84.1 colorless 0.683 M —98
liquid B 68
Heptylene (heptene) CiHu 982 colorless 0.703 M -10
liquid B 98
Octylene (octene) CsHie 112.17  colorless 0.7217 M 104
. liquid B 123
Diisobutylene CsHie 112.17 0.715 B 102.6
M -101.0
Nonylene (nonene) CoHus 126.15 {:p]o‘r(liess 0.7433 B 149.9
iqui
Decylene (decene) CioHao 140.16 colorless 0.763 M -87
liqud B 172
2,4-Hexadiene CsHio 82.08 i:_olo_r(liess 0.718 B 82
iqui
Dipropargyl Cols 78.05 colorless 0.805 B 85
liquid M -6.0
n-Amylacetylene CiHya 96.09 colorless 0.7288 M -70.0
liquid B 1105
a-Hexadecylene 0.789 B 274
Cyclic Olefins
Cyclobutene CiHe 541 gas 0.733 B 2.0
Cyclopentene CiHs 68.1 colorless 0.772 M —-933
liquid B 440
Cyclohexene CeHro 821 colorless 0.8102 M —103.7
liquid B 83

Cyclic Parafins

Cyclopropane CsHs 42.05 colorless 0.72-79 M —126.6
liquid B —34.4
Cyclobutane CHs 56.1 gas or 0.703 M -50.0
liquid B 13.0
Cyclopentane CiHio 70.1 colorless 0.756 M -933
iquid B 50.5
Cyclohexane CeHua 84.1 colorless 0.779 M 65
liquid B 81.4
Methylcyclopen‘ane CeHiz 840 0.750 M -—-143.0
1,2-Dimethylcyclopentane CiHu 98.0 M ~119.0
Methylcyclohexane CrHu 98.11 colorless 0.769 B 1003
liquid M -126.9
Etlglcyclopentane CiHu 0766
Cycloheptane CiHu 98.1 colorless 0.809 M -—-12
liquid B 1181
Methylcyclohexane CiHu 98.1 colorless 0776 M —~126 4
liquid B 100.3
Cyclooctane CsHie 112.0 colorless 0.835 M -95
. liquid B 148
1,2-Dimethylcyclohexane CsHis 112.1 col o;(liess 0.792 ll;f - ?51
iqui 2
1,3-Dimethylcyclohexane CsHie 112.1 colorless 0.776 M -85
. hquid B 121
1,4-Dimethylcyclohexane CsHie 112.1 colorless 0.777 M —86
liquid B 120.5
Ethylcyclohexane CsHio 112 0.782
Cyclononane CeHis 126.2 f.olo'r‘liess 0.769 B 170
iqui
1,2,3-Trimethylcyclohexane CsHis 126.1 colorless 0.779 B ~136

liquid

Aniline
Equiva-
lent

16

29



HYDROCARBONS, HYDROGENATED DERIVATIVES 151

TABLE 44.—Ilydrocarbons—(Continued)

X Boiling Point  Aniline
Molecular Physical Specific Melting Point Equiva-

Hydrocarbon Formula Weight State Gravity (°C) lent
Aromaltics
Benzene CeHs 78 05 colorless 0.879 M 5.4 10
liquid B 801
Toluene C:Hs 92.1 colorless 0.871 M —951 15
liquid B 1110
o0-Xylene CsHio 106.12 colorless 0.881 M -28 17
liquid B 144.2
m-Xylene CsHio 106.12 colorless 0.866 M —-535 23
liquid B 139
p-Xylene CsHio 106.12 crystal 0.861 ll;[ : gsz 26
Ethylbenzene CsHio 106.1 colorless 0867 M —939 19
hqud B 136.2
Pseudocumene CoHia 120.14 lhiquid 0879 g/I —5;(.)4 20
1
Naphthalene CroHs 128.1 solid 1145 I%I g(l)s2
Camphene CuHi 13612  solid 0.879 M ;‘1‘0
Durene CioHu 134.11 solid 0.838 g[ 3333
Isodurene CuwHu 134.11 liquid 0.896 ]1\3/1 - 370
Prehnitene CrHu 134.11 0.901 g{ ;0;.
-Cymene CuHu 13411  colorless  0.857 B 176 27
liquid M —-735
n-Butylbenzene CroHu 134.11 colorless 0.862 M -88.5 20
liquid B 180
tert-Butylbenzene CiuoHu 134 11 colorless 0.867 M —58.1 25
liquid B 168.7
B-Methylnaphthalene CuHio 142.1 solid 1.029 ]I;’I gis 1
Diphenyl Ci:Hio 154.1 solid 1.180 ]I;/I gg‘.‘ﬁ
Hexamethylbenzene Ci2Hs 162.14 solid ]1;4 52555
Diphenylmethane CuHi 168.1 solid 1.001 M 252
B 264.7
Anthracene CuHio 178.1 1.25 B 54
M 2165
a-Methylanthracene CuHiz 192.1 solid 1.101 gl 22580
Phenanthrene CuHio 178.1 solid 1.025 M 963
B 340 2
Tolane Culio 178.1 solid M 60
B 300
Stilbene CuHie 180.1 solid 1.164 ]};’I :1’(2);
Dibenzyl CuHu 182.1 solid 0.984 M 525
B 284

Tetrahydronaphthalene

Tetrahydronaphthalene | I (M.W. 132.1, Tetra-

lin, 1,2,3,4-tetrahydronaphthalene) is a clear, colorless, pungent liquid
made by the catalytic hydrogenation of naphthalene. One ring of this
compound is completely hydrogenated while the other is unchanged.
This liquid is a powerful solvent for waxes, oleoresins, gums, oils, resins
(cumar resin, rosin, mastic, alkyd resins and so forth), rubber, resinates,
naphthalene, cellulose ethers, linoxyn, asphalt and so forth. It is fairly
stable but will, however, polymerize and oxidize giving rise to discoloration
and resinous material. Whether it is toxic or non-toxic, reports are at
variance in their decision. The fact that it is a powerful solvent seems to
decide in favor of its toxicity since the vapor, when inhaled, cannot help



152 INDUSTRIAL SOLVENTS

but affect tissue. It is miscible with most solvents, especially the resinous
and petroleum thinners, and is compatible with natural and synthetic
vehicles. It is cmployed as a solvent and thinner in the paint and varnish
industry, as a solvent for asphalt in making bituminous emulsions, for
tung oil, for liquid dricrs in surface coatings and for mctallic soaps in
waterproofing. Tetrahydronaphthalene has a tendency to react with
manganese soaps and therewith to form dark-colored compounds. It is
further used for removing inks from paper, and for printing type. A
printing ink has been proposed which consists of tetrahydronaphthalene
with its solvency fortified by the addition of butyl alcohol, toluene and
methyl ethyl glycol. This mixture will dissolve cellulose ethers, dyes,
pigments and so forth. Tetralin is also used as a turpentine substitute,
in purifying gas, in motor fucls, and in paint and varnish removers. Its
high solvent power for oils, greases and waxes, and its detergent properties
make it very suitable for usc in the textile industry. It is used in combina-
tion with textile soaps and oils in such processes as open scouring and kier
boiling of cotton, piece goods, wetting and cleaning prior to dyeing, removal
of oil from rayon and yarn, and the scouring of fabricated silk and wool.
The disinfectant and spreading properties of Tetralin are utilized in agri-
cultural sprays.

Tetrahydronaphthalene has the power to absorb large quantities of
naphthalene and gums and is used as a solvent medium in the scrubbers
for the removal of impurities in gas. Its presence in gas will gradually
dissolve and remove deposits of naphthalene in the pipes and will prevent
corrosive action. Tetralin has also been recommended both to remove
casinghead gasoline from natural gas, and to remove benzene, toluene and
naphthalene from coal gas. Further, it is used in shoe creams and
floor waxes.

Specific gravity.... . . ............0.975(150° C.)
Refractive index...........coovnn.. 1.540-1.547
Boiling point................oo0iut 206° C.
Flash-point.........coovvviiiniennn 80° C.
Freezing point........covvvviiunnn, - 25°C.
Color. vttt e e Water-white
Moisture content.................... none
Residue on evaporation.............. none
Solubility inwater. ........... ..... insoluble
Acidity....oovviiinnin o ol neutral
Decahydronaphthalene
CH, CHj,
ci” New” New,
Dccahydronaphthalene | | | (M.W,,138.14, Deca-
CH,\ /Cl{\ /CH,
CHy CHy

lin, Kelalin, bicyclo 0,4,4,-decane) is a clear, colorless liquid considered
as non-toxic. It is produced by the complete catalytic hydrogenation of
naphthalene.

It is not as powerful a solvent as tetrahydronaphthalene, however, but
it is a good solvent for oils, fats, waxes, rubber, resins (like dammar,
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mastic, manila), oleoresins, alkyd resins and so forth. Decalin is miscible
with most of the organic solvents and is used in the preparation of
shoe creams and floor waxes. It imparts to these preparations a better
and greater spreading power and softens the consistency of the paste.
This solvent has also found application as a turpentinc substitute, as a
stain remover, and as a constituent part in cleaning fluids, lubricating oils
and perfumery. The uses of Decalin are similar to those of Tectralin.
When these two hydrogenated solvents are mixed, the solvency of the
mixture is more powerful than that of either of its components.

CArBON DISULFIDE*

Carbon disulfide (CS:) is a water-white refractive, highly inflammable,
toxic liquid of disagreeable odor. It is miscible with alcohols, ketones,
ethers, and halogenated hydrocarbons. It is used in organic synthesis,
in manufacture of viscose, in cold vulcanization and as a fumigant.

Moleccular weight 76 13
Specific gravity 1.263 (257 (")
Color Water-white
Odor pungent-characteristic
Boiling point °
Freezing point - 111.6°C.
Flash-point -25.5 to -20° (.
Solubility in water
0°C. 0.2429,
10° C. 0.230
at <20°C. 0.210
30° C. 0.185
40° C. 0.111

* Although carbon disulfide is not a hydrocarbon compound it is included here for purposes
of convenience.
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Chapter 9
Halogenated Hydrocarbons

ALIPHATIC

The introduction and use of halogenated aliphatic and aromatic hydro-
carbons has helped to relieve all industries of the dreaded fire hazard.
These compounds have consequently found natural application in paint and
varnish manufacture, in dry-cleaning and in extraction processes. The
property of low or non-inflammability of these hydrocarbons is utilized in
raising the flash-point of highly volatile solvents by admixture with them.
The alkyl and aryl halides usually have a low heat of vaporization and
narrow distillation range which accounts for rapid and complete evapora-
tion. These compounds are miscible with most organic solvents and are
equally good solvents for oils, fats, resins, waxes, asphalt, rubber, gutta
percha and sulfur. They are also efficient wetting agents. Their specific
gravities range from 1.68 to 2.97. These high densities are of advantage
in that they are used to keep bronze powder and heavy pigments in sus-
pension, and at the same time are a decided disadvantage because the com-
pounds are purchased by weight and sold by volume. The chlorinated
hydrocarbons are fairly stable, although there are some that have a ten-
dency to hydrolyze in the presence of moisture, air, heat or light. They
are strongly anesthetic and some of them are toxic, which singles out their
most prominent fault.

Dichlormethane

Dichlormethane (CH.Cls;, methylene dichloride, methylene chloride)
is a colorless, highly volatile liquid of ethereal odor with an anesthetic
action. It is made by the chlorination of methane and frequently contains
traces of methyl chloride and chloroform. Dichlormethane is a solvent
for alkaloids, bitumens, caoutchouc, oils, resins, waxes and many organic
compounds. It is miscible with many of the lacquer solvents and is also
a solvent for cellulose esters and ethers especially when augmented by the
addition of an alcohol, ether or an ester. Its uses as a solvent are in sur-
face textile and leather coatings, and in nitro- and acetylcellulose lacquers.
It is used in these preparations for its low boiling point and quick evapora-
tion. Other uses for this solvent are in fire extinguishing compositions, in
the preparation of hexamethylenetetramine, as a refrigerant in low-pres-
sure ice machines and air-conditioning apparatus, as a local anesthetic in
dental work, and in the extraction of oils, fats, perfumes, flavors and
drugs. Further, it is used as a spotting agent, a degreasing medium, and

154
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in the dewaxing of lubricating oils. In the manufacture of artificial
leather, artificial silk, and in films dichlormethane is used as a low-boiling
solvent. As an intermediate it is used in the manufacture of synthetic
dyes, drugs and perfumes.

Methyl Bromide

Methyl bromide (CH3Br, bromomethane) is a colorless, non-inflam-
mable liquid with a sweet odor. It is miscible with alcohols, ethers,
ketones, esters, halogenated hydrocarbons and so forth. It is used as a
refrigerant, low-boiling solvent, and in organic synthesis.

Molecular weight 94.94
Specific gravity 1.732 (0° C.)
Boiling point 4.6°C.
Vapor pressure
- 30°C. 130 mm.
- 10 ;80
4.6 60
aty 4 890
20 1250
30 1800
40 2300
Melting point - 84°C.
Thermal conductivity 0574 (0°C.)
Heat capacity 1.27 (16° C.)(0.3-0.6 atm.)
Heat of combustion 184 kg. cal/mol (gas)
Critical temperature 173.3°C.
Dieletric constant 0.0068 (100° C.)
Trichlormethane

Trichlormethane (CHCls, chloroform, formyl trichloride, methenyl
trichloride) is a heavy, water-white, sweet-smelling liquid that is strongly
anesthetic. It is a low-boiling, stable liquid when dry. Although its
vapors have no flash-point, it can catch fire and form explosive mixtures
with air. Chloroform is a powerful solvent for fats, fixed, mineral and
essential oils, waxes, alkaloids, acetic acid, acetic anhydride, resins, tars,
cellulose acetate and nitrate, gutta percha and so forth. It is completely
miscible with all halogenated hydrocarbons and most of the common
solvents. Trichlormethane will also dissolve methyl cellulose, dimethyl
hydrocellulose, cellulose benzoate, dilaurate, dipalmitate and distearate.
When trichlormethane is mixed with an alcohol or ester like methyl or
ethyl alcohol, or ethyl or methyl acetate, the mixture becomes a solvent
for a large number of cellulose esters and ethers.

The anesthetic and toxic properties of chloroform militate against its
wider use as a solvent in the industries. Medicinally, trichlormethane is
used in rubbing liniments and salves, as an anesthetic, as a preservative
for serums and as an insecticide and vermicide. It is used in plastic fabri-
cation and film manufacture, and in the dry-cleaning industry it is used
as a cleaning and spotting agent for all textile fabrics except those made
from cellulose acetate which it dissolves. It is widely resorted to in
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analytical work for alkaloid assay, and as an extractant for oils, waxes,
resins, sterols and so forth.

Molecular weight 119.38
Specific gravity 1.499 (15° C.)
Boiling point:
U.S.P,B.P. 60-62° C.
Technical 61.2°C.
Freezing point - 63.5° C.
Latent heat of vaporization {;361 4cz]1;{gu /Ib.
Specific heat:

Cal/g./° C. or B.t.u./lb./° F., (5)233 iipoises (20°C.)
. . .63 millipoises (20° C.
Viscosity 5.10 millipoiscs (30° C.)

Carbon Tetrachloride

Carbon tetrachloride (CCly, tetrachlormethane, perchlormethane, Dy-
rene) is a heavy, colorless, non-inflammable, non-explosive liquid of char-
acteristic odor. Upon decomposition it may produce poisonous gases like
phosgene, chlorine and hydrochloric acid. Tt is miscible with acetic anhy-
dride, alcohol, ether, naphtha, halogenated hydrocarbons, and in short,
with most solvents. It will dissolve fixed, mineral and essential oils, fats,
greases, waxes, gums, camphor, metallic resinates, bitumens, asphalt, rub-
ber, some cellulose ethers and resins like albertols, Bakelite, benzyl abietate,
cumar resins, dammar, ester gum, elemi, guaiac, glyptols, mastic, sandarac,
rosin, vinyl resins and so forth. The addition of a lower aliphatic alcohol
or acetate increascs the solvent power of carbon tctrachloride for cellulose
esters and ethers. One mixture proposed is made up of carbon tetra-
chloride and alcohol ranging from 95 per cent : 5 per cent to 5 per cent :
95 per cent. It is extensively used as a solvent and diluent, and in the
extraction of oils from their seeds, grease from bones and hides, and
alkoloids from plants, Further uses for this compound are as a solvent
for bitumens, asphalt, rubber, gums, antimony trichloride, cholesterol and
so forth, and cxtensively as a fire extinguisher for home and industry.
Because of its non-inflammable properties and solvency for the impurities
found in clothes it is replacing in the industry and home the hazardous
solvents for dry-cleaning and spotting.

This non-inflammable solvent finds application as a degreasing agent
for textile fabrics, leather goods and metal parts. It is also used in grain
fumigation, moth control and as a delousing agent. In the rubber industry
carbon tetrachloride has the following uses: as a solvent in rubber cement,
as a solvent for rubber for impregnation and as diluent for sulfur chloride.
Many of the non-inflammable lacquers contain carbon tetrachloride. Fur-
ther uses for tetrachlormethane are as a diluent in chlorination, as a sol-
vent in floor waxes and furniture polish, as a type cleaner, as a constituent
part in dry-cleaners’ soap, as a solvent for cellulose xanthate, and as a
solvent in the paint and varnish industry. In organic chemistry carbon
tetrachloride serves as the starting point for the synthesis of many organic
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chemicals, dyes, drugs and so forth. In the industrial field it is used in the
manufacture of leather, lacquers, paints, varnishes, dry colors, printing
inks, linoleum, polishes, rubber cement and so forth.

Molccular weight
Specific gravity
Boiling point
Freezing point
Specific heat of liquid:
at 68°F.
at 170° I
Specific heat of vapor:

at 68°TF
at 170° F.

Heat of fusion

Heat of vaporization
Llectrical conductivity
Diclectric constant

Thermal cxpamxon of liqud:

at 158° It

Refractive index

TABLE 45.—Vapor Pressure of
Carbon Tetrachloride!

r——-I‘ emperature—— Vapor Pressurc
©C) CPr) mm. Hg.
0 32 33.4

10 50 56.3

20 68 91.3

30 86 141.1

33 91.4 158.

443 111.8 250.

62.3 144.2 480.
76.55 169.8 764.5

TanLE 46. -Solubility of Watcer in
Carbon Tetrachloride!

Water 1n
Solution

~——Temperature—--~ Gram per 100

153.8

1.5947 (70° F.)

76.74° C. (760 mm. Hg.)
- 23.0°C.

83%6} B.t.w/lb./° F

o138 cat g c.
§4 .2 cal./kg.
7.6 B.t.u./lb
(46.5 cal./kg. (170° 1)
)83 B.t.u./lb. (170° 1< )
4 % 1078 recip. ohm

2.2 (20°C.)

1.089089 (on basis of volume
at 30° I'.—1.0)
1.4607 20° C.

TEMPERATURE-VAPOR PRESSURE |CUR

VE

FOR CARBON TETRACHLORIDE

i/
=

sauLINp\ POINT| AT

| ATMOSPHERIC PRESSURE

-

e

TEMPERATURE > DEGREES FAHRENHEIT

J
l
b

©C) (°F.) grams of CCl¢
10 50 0.0071 1 ioow =
20 68 0 0084 L20 A A vk il
30 86 0.0109
40 104 0.0152 U] 20 3| 4o 0]
50 122 0.0237 VAPOR PRESSURE -~ INCHES OF MERCURY

Ficure 21. Temperature-Vapor Pressure
Curve for Carbon Tetrachloride.?
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Comrtesy of Dow Chemical Co.

PLaTE 9. A Typical Plant for the Manufacture of Industrial Solvents.

The following data were determined in an investigation of the flash-points of
binary mixtures [Snell, F. D., Ind. Eng. Chem., 22, 893 (1930)]:

% Inflammable

Solvent % CCl Flash-point (° F.)
Acetone 40 60 Below 32
30 70 Below 32
20 80 . 59
Toluene 80 20 59
70 30 75
60 40 Above 86

A mixture of carbon tetrachloride with a higher-boiling flammable solvent tends to
become more inflammable during use, as a result of the more rapid evaporation of the
lower-boiling protective carbon tetrachloride.
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TABLE 47.—Flash-points of Carbon Tetrachloride Mixtures?
% Solvent % CCl, Plash-point (° F.)

Gasoline (Sp. Gr.0.734 at 60° F.) 50 50 Below 20
40 60 “20

30 70 40

V. M. & P. naphtha 70 30 75
(Sp Gr.0. 746 at 60°F.) 60 40 100
50 50 Above 170

40 60 ‘170

30 70 ‘170

Dry cleaners’ naphtha 70 30 65
(Sp. Gr.0.745 at 60° F.) 60 40 90
50 50 Above 170

40 60 “ 170

30 70 ‘“ 170

TaBLE 48.—Dccomposition of Carbon Tectrachloride'*

20° C. 40°C. 60° C.
Carbon Boiling above above above
Tetrachloride Point b. p. b. p. b. p.
Dry
In atmosphere of N, 0 0 0 0
In oxygen 0.2 0 0 0
Saturated with water
In atmosphere of N; 0 0 0 0
In air and with soft steel 0 0.2 0.3 6.9
Excess of water
In atmosphere of N, 0.5 13.2 61 1066
In air and in presence

of soft steel (refluxed) 172
*Figures represent acidity in cc. of 0.01N HCI developed by 25 cc. C.T 1n 24 hours.

TABLE 49.—Corrosive Action of Carbon Tetrachloride on Soft Steel*

20° C, 40° C. 60° C,
Carbon Boiling above above above
Tetrachloride Point b. p. b. p. b, p.
Saturated with water
In atmosphere of Ny,
with soft stecel 0 01 0.2 0.6
In air, with soft steel 0.6 0.7 0.6 0.7
Excess of water
In N,, with soft steel
(refluxed) 48.5
In air, with soft stecl 52.7 89.5 167 136

*Figures show loss of wt. of metal as mg./sq. in /24 hrs,

TABLE 50.—Corrosive Action of Carbon Tetrachloride on Other Metals!™*

20° C. 40° C, 60° C.
Carbon Boiling above above above
Tetrachloride Point b. p. b. p. b. p.
Saturated with water
In air, with Aluminum 0.7 0.9 381 358
In air, with Tin 0.9 1.2 1.1 1.0
In air, with Copper 0.9 1.2 1.1 1.0

*Figures show loss of wt, of metal as mg./sq. in./24 hrs,
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TaBLE 51.—Evaporation of a Carbon Tetrachloride-Naphtha Mixture!

% of Constituents
of Original Mixt.

Flash-point, ~———Evaporated—-
of Residue’ CCl Naphtha
No flash up to
incipient boiling.
104° F. 57.6 21.7
86°TF 96.5 50.0
90° I 99.7 77.2

TABLE 52.—Evaporation Ratc of Carbon Tectrachloride Mixtures!

% of Sampl —](Z:Om Sll?mbolf
ﬁvoapo::?:de % C m ue }% Igaphtha
0 43 57
37 29 71
70 5 95
87 1 929

Solvent

Carbon tetrachloride

C.T.-Naphtha cleaning fluid

0-379, cvaporatcd

37-70%
70-87% ‘

Weighted average 879, cvaporated

Rate of Free Evaporatlon

(cc. per hour
per 100 cm.?)

4.30

2.77
2.06
0.80

2.12

—at Room Temp.—————
(Gallon per 24 hrs.

per square foot)

0.254

0.163
0.123
0.047

0.125

TABLE 53.—Solubility of Various Dyes in Carbon Tetrachlorides

Min. cc. to Dissolve
ram Dye

Dye
Sudan I
Maroon 1
Sudan VIII
Chrome fast ycllow
Rose
Sudan VII
Scarlet H
Walnut
Sudan II
Xylidine brown
Indiana red
0il maroon
Azo coccine RR
Xylidine red N
Xylidine brown M
Sudan IX
Sudan X
Naphthol black
Oil Scarlct
Sudan R
Fast Red A
Oil brown
Spirit yellow

Ethyl Chloride

05 G

onnnUnnnnuiriinnninnnnnn

Dye
Sudan III
Azo turkey red
Cloth red G
Sudan G
Maroon IT
Cloth red BB
Fast brown O
Maroon I1I
Sudan brown
Chrysamine G
p-Nitroaniline red
Alizarin yellow R
Aniline yellow G
Cardinal
Benzidine puce
Benzidine puce A
Indoine bluc
Congo red A
m-Nitroaniline orange
Alizarin yellow GG
Benzidine brown
Diazine green
Diazine black

Min. cc. to Dissolve
0.5 Gram Dye

60

100 Inc.
100 Inc.
100 Inc.

Ethyl chloride (C:H;Cl, chloroethane, muriatic ether) is a volatile

inflammable, colorless liquid of ether-like odor.

It is stable and non-cor-

rosive when dry but will hydrolyze in the presence of water or alkalies.
Ethyl chloride is miscible with most of the commonly-used solvents, It is
used as a refrigerant, ethylating agent, local anesthetic and as a solvent.
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Carroll  proposes a lacquer in which pyroxylin is dissolved in a mixture
of ethyl chloride and methyl alcohol to which is added a little benzene.
When mixed with methyl acetate in proportions ranging from 90: 10 to
10:90 the mixture becomes an excellent solvent for triethyleellulose.
The solvent power of monochlorethane and other chlorinated ethanes like
the dichlor-, trichlor-, tetrachlor-, and pentachlorethanes, is augmented by
the addition of a lower aliphatic alcohol or acetate. Ethyl chloride is a
solvent for phosphorus, fats, oils, resins, waxes and so forth.

Molecular weight 64.50
Specific gravity 0.915-0.925 (8°C)
Boiling point 12.7° C.
Vapor pressure
-30°C. 107.4 mm.
- 20 180.3
- 10 289.1
g 450
10 678
20 1000
Critical point 187.2° C. (52 atm.; density 0.33)
Freezing point - 140° C.
Latent heat of vaporization
4.7° C. 389
at<15.0 387 -joules/g.
25 385
Heat of combustion 316.7 kg. cal./mol. (gas)

Thermal conductivity, gaseous state 0.873 (0° C.)
Thermal conductivity

0°C. 1.0
compared to K at }(8)2 }ZZ;
212.5 2.76
Dielectric constant of liquid 6.29 at 170° C. under its

own pressure

Bromoform

Bromoform (CHBry, tribromomethane, formyl tribromide, methenyl
tribromide) is a colorless liquid of pleasant odor resembling chloroform.
It is miscible with alcohols, ethers, esters and so forth.  Bromoform is used
as an intermediate in organic synthesis, in geological assay and in medicine
as a nervine, sedative and local anesthetic.

Molecular weight 252.8

Density 2.884 (25° C.)

Weight per gallon 24 1bs.

Boiling range 150.3-151.2° C.
Freezing point 9°C.

Surface tension 41,53 dynes/cm. (20° C.)
Dielectric constant 4.5 (20°C.)

Forms constant low boiling mixture with butyric acid.
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Ethyl Bromide

Ethyl bromide (CoHjzBr, bromoethane, bromic ether, ethyl hydro-
bromic) is a low-boiling, volatile liquid of ethereal odor. It is considered
non-inflammable because it is ignited only with difficulty. Ethyl bromide
is miscible in all proportions with most common solvents.

Molecular weight 108.97
Specific gravity 1.440-1.453 (15°C.)
Weight per gallon 12-12.1 1bs.
Boiling point 38-39° C.
Vapor pressure
- 20°C. 59 mm.
- 10 101
0 165
10 257
at 20 386
30 564
40 802
50 1113
60 1512
Critical temperature 231° C.
Freezing point - 119°C.
Solubility in water
°C. 1.0559,
at 10 0.956
20 0.906
30 0.888
Surface tension
10° C. 25.48 dynes/cm,?
at <20 24.15
40 21.52

Latent hcat of vaporization
Heat of combustion
Dielectric constant, liquid

250.8 joules (34.4° C.)
340 kg.cal./mol. (gas)
9.45 (20°C.)

Constant minimum boiling mixture
of ethyl alcohol 7 mol. 9%, and
ethyl bromide 93 mol. %,

37.6°C.
Ethylene Chlorbromide

Ethylene chlorbromide (CH2CICH:Br, sym. chlorbromethane) is a
colorless liquid of chloroform-like odor. It is miscible with most solvents
and is used both as a solvent and in organic synthesis, and further, it has
the distinctive virtue of dissolving both cellulose esters and ethers.

Molecular weight 1434

Specific gravity 1.790 (0° C.)
Weight per gallon 14.9 1bs. (0°C.)
Boiling point 106.7° C.
Freezing point - 16.6° C.

Ethylene Dibromide

Ethylene dibromide (CHBrCH;Br, 1,2-dibromoethane, ethylene bro-
mide) is a colorless, stable, non-inflammable liquid of sweetish odor. It
is miscible with most solvents and thinners and will dissolve oils, fats,
gums, waxes, resins, celluloid and so forth. It is principally used in the
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manufacture of “ethyl gasoline.” It exerts a powerful dissolvent action
upon gums and is therefore used as a constituent part of lubricating gaso-
lines. It is also used as a wax solvent in waterproofing preparations, in
celluloid manufacture, and in the organic synthesis of drugs.

Molecular weight 187.86
Specific gravity 2.17-2.18 (20°C.)
Density
( 10°C, 2.2014
2.1805
30 2.1594
at< 40 2.1384
60 2.0952
80 2.0538
(100 2.0113
Weight per gallon 18.1 1bs.
Boiling point 131°C.
Vapor pressure
(- 10°C. 2.5 mm.,
0 3.9
10 6.03
30 174
at< 50 443
70 101.0
100 295
120 552
| 131 760
Freezing point 9-10° C.
Surface tension 38.71 dynes/cm.? (20° C.)
Latent heat
of {fusion at 9.55° C. 56.62 joules/g.
lvaporization at 130.8° C. 193.5 joules
Dielectric constant 4.86 (18°C.)

Ethylene Dichloride

Ethylene dichloride (CH.CICH,Cl, 1,2-dichlorethane, sym-dichlor-
ethane, Dutch oil, elayl chloride) was first made by certain Dutch chem-
ists in 1795 and hence we derive the name Dutch oil. It is a colorless,
mobile liquid simulating chloroform both in odor and in toxicity. It is
manufactured by the chlorination of ethane or ethylene. It is a good sol-
vent for oils, fats, waxes, some alkaloids, rubber, camphor, albertols,
Bakelite, benzyl abietate, cumar resins, dammar, glyptols, guaiac resin,
Japan wax, mastic, rosin, sandarac, vinyl resins, metallic resinates, gums
and so forth, and will also dissolve some cellulose ethers; and when it is
mixed with methyl or ethyl alcohols, or ethyl or methyl acetates, the mix-
ture will possess solvent power for a large number of cellulose ethers
and esters.

Ethylene dichloride is miscible in all proportions with most common
solvents. It is finding wider application as a general solvent because it
will not decompose in the presence of water, alkalies, acids or actively-
reacting chemicals. It is resistant to oxidation and will not corrode metals,
It burns with difficulty and supports combustion. This safe and highly
pure solvent is extensively used in the extraction of edible oils from
oil-bearing seeds, vitamin D from cod liver oil, residual oil from pressed
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Ficure 41. Solubility of Low-Viscosity
Cellulose Acetate in Mixtures of Methyl
Cfilloso]ve, Dioxan, and Ethylene Dichlo-
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Ficure 47. Weight per Gallon of Ethylene Dichloride at Various Temperatures.®
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Ficure 48. Evaporation Rate of Various Solvents at Room Temperature.®

oil cakes and so forth. A mixture made up of three parts of ethylene
dichloride and one part of carbon tetrachloride is used as a non-explosive,
non-injurious fumigant for furniture, furs, cereals, grains, flour, dried
fruit, nuts and so forth.

Ethylene dichloride is used as an inert solvent in chlorination and sul-
fonation processes, in the removal of alkaloids from bark, roots and seeds,
pyrethrum and the grease from wool. Ethylene chloride when admixed
with carbon tetrachloride is extensively used in the dry-cleaning and spot-
ting industry. It is also used as a lacquer solvent, in paint, varnish and
finish removers, in degreasing metals and in chemical synthesis. In the
textile industry, ethylene dichloride is used to degrease wool, as a “spot-
ting” agent for the removal of tar, paint and brand marks, in soap and

Ficure 49.

Solubility of Cellulose Acetate in
Mixtures of Ethylene Dichloride, De-
natured Alcohol, and Toluene.®
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scouring compounds and in wetting out, penetrating and degumming com-
pounds. It is also used for the extraction of nicotine from tobacco.

Molecular weight 98.95
Boiling point 83.5°C.
Freezing point - 36.0° C.
. . 20° C.
Specific gravity 1.2569 T
Weight per gallon 10.53
Refractive index 1.444
Surface tension 37.5 dynes/sq. cm. (25°C.)
Viscosity 0.0078 poise (25° C.)
Vapor pressure 61.6 mm, Hg. (20° C.)
Specific heat 0.3054 (30° C.)
Flash-point 21°C. (70° F.)
Apparent ignition temperature in air - 449° C. (841° F.)
Latent heat of evaporation 157.5 B.t.u./1b./0° C.
Electrical conductivity Less than 1 x 108
[Im sluble in water.
Solubihity Soluble in most organic
1 compounds.
TaBLe 54.- Dilution Ratioss
Ethylene V.M. &P,
Solvent Dichloride Toluene Naphtha
Acetone 8.6 4.6 0.73
Solvatone® 0.8 4.0 0.68
Iithyl acetate 5.4 3.5 1.20
Isopropyl acetate 4.3 31 1.25
Methyl “ Cellosolve'’ 9.2 4.3 0.35
Butyl! acetate 3.7 25 1.35
“‘Cellosolve” 7.6 4.7 0.95
Butyl propionate 2.7 2.5 1.20
“Cellosolve” acctate 4.2 2.5 0.80
Pentacetate 3.5 1.9 1.27
Butyl “ Cellosolve"” 4.3 3.0 1.85

aSolvatone 1s a mixture consisting of approaimately 80 per cent acetone, 10 per cent 1sopropyl alcohol
and 10 per cent toluene

TasLe 55.—Solubility of Some Gums and Resins®

807, Ethylenc 807% Ethylene
Dichlonide Dichloride
20% De- 20% De-
Ethylene natured Ethylene natured
Substance Dichloride Alcohol Substance Dichlonde Alcohol
Amberol S S Kauri I S
Albertol S S Manila S S
Bakclite S S Manila ester S S
Cumar S S Mastic SS S
Camphor S S g?m; . R g
Dammar S PS S ypto T S
Elemi SS S aarpee
-~ "~ Sandarac SS S
Ester gum S S Shellac Ss S
Guaiac SS S Vinylite A S S
Gilsonite S S Vinylite 80 S I

§ = soluble. SS = slightly soluble. PS = partially soluble. I = insoluble.
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TaBLE 56.—Ethylene Dichloride in Combination with Various Solvents®

Formulae

Ethylene dichloride
Toluene

Denatured alcohol
Ethyl acetate
Solvatone

Methyl “ Cellosolve”
1,4-Dioxan
Diacetone alcohol
‘‘Cellosolve' acetate
Ethyl lactate

Butyl *‘Cellosolve”

Ethylene dichloride
Toluene

Denatured alcohol
Butyl alcohol

Ethyl acetate

Butyl acetate
“Cellosolve”
Pentacetate
“‘Cellosolve" acetate
Butyl “Cellosolve"

Ethylene dichloride
Toluene

Xylene

Denatured alcohol
Butyl alcohol
Ethyl acetate
‘‘Cellosolve”
“Cellosolve” acetate
Butyl acetate
Pentacetate

Butyl “Cellosolve"”

Tetrabromethane

Cellulose- Acetate Lacquers

1 2 3 4 5 6 7 8 9 10
70 70 70 60 S0 50 70 70 38 60
20 20 20 10 10 15 100 15
15
15
10 10 30 20 15 20 30 10
15 10
10
5 15
10
10

Base-Lacquer Solvents

40 50 75 30 30 70 35 25

30 20 30 30 30 40
10 10 15 10 5
15 10 10 5
10 10 10 15
10 10 15 15
5 5 10 10 10
5
5 5 10
5 5 5
Thinners
72 67 45 40 40 35 40
30 30 35 30
30
25 10 10 13 15 15
25
3 10 7 10 5
7 3 5
8 2 10
10
5
3 5

Tetrabromethane (CHBr,CHBr,, acetylene tetrabromide, Muthmann’s
liquid) is a heavy, white to yellow, oily liquid of a pleasant characteristic
odor. It is an excellent solvent for oils, fats and waxes and is miscible
with most of the common solvents. Its uses are as a solvent, and as a
fluid in liquid gauges.

Specific gravity 2.9638

Melting point 0.1°C.

Molecular weight 345.68

Refractive index 1.637955

Boiling point 239-242° C. (decomposes)

Soluble in alcohol, ether and chloroform,
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Tetrachlorethane

Tetrachlorethane (CHCI,CHClI;, acetylene tetrachloride, acetosal, Boro-
form, Cellon) is a heavy, colorless, mobile, non-inflammable, corrosive,
toxic liquid with an odor resembling that of chloroform. It is much more
toxic, however, than chloroform for contact with its vapors produces
abnormal fatigue and nausea, and if this contact is prolonged jaundice
and enlargement of the liver will result. It is made by the chlorination
of ethane, or acetylene, or ethylene. Tetrachlorethane is the most power-
ful of chlorinated hydrocarbon solvents. It dissolves oils, fats, waxes,
gums, resins, bitumen, pitch, tarry material, sulfur, phosphorus, halogens,
cellulose acetate and nitrate, crude rubber, dyes, camphor, shellac and
many organic substances. Its solvency for acetyl- and nitrocellulose is
improved by the addition of a lower aliphatic alcohol or acetate. It is
miscible with many organic solvents and liquids. Its wider use is greatly
hindered by its toxicity. It is used, however, in the paint and varnish
industry for the preparation of varnishes and in mixtures for the removal
of paint, varnish and finishes; in the manufacture of photographic films,
lacquers and imitation pearls; for fabricating airplane wings and prepar-
ing artificial celluloid. It has also been used to some extent in the rubber
industry as a solvent; as an alcohol denaturant for use in the rayon indus-
try; as an intermediate in dye manufacture; in degreasing; in cleaning
compounds and soaps for metal and other surfaces; and as an insecticide.
It has only limited use as a solvent for shellac, gum, camphor, sulfur,
phosphorus, halogens and many organic compounds.

Beta-Trichlorethane

Beta-trichlorethane (CH.CICHCly) is a colorless, non-inflammable
liquid. It is miscible with alcohols, ethers, esters, ketones and so forth.
It will dissolve oils, fats, waxes, tar, many natural and synthetic resins,
alkaloids, etc. It will dissolve cellulose acetate when it is previously mixed
with alcohol.

Moleccular weight 133.40

Color Colorless liquid
Boiling point 114° C.

Latent heat of vaporization 1‘25% g %a]t /5"/1

Specific heat 0.270 (20° C ) cal, /g/° C
Specific gravity 1.4406 at

Refractive index 1.4458

Vapor Pressures

~—Temperature— Vapor Pressure
©C) (°F) (mm. Hg)
90 194 369

100 212 505

110 230 680

114 237 764
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Pentachlorethane

Pentachlorethane (CHCI,CCl3) is a heavy, high-boiling, colorless, non-
inflammable, toxic liquid. It is made by the chlorination of tetrachlor-
ethane or trichlorethylene and is stable when dry. It is a good solvent
for vegetable, mineral and essential oils, gums, such resins as dammar,
elemi, mastic and sandarac, cellulose acetate and some types of cellulose
ethers. Its solvency and other physical and chemical properties are similar
to those of the more toxic tetrachlorethane and pentachlorethane can be
used to replace it in nearly all industries. Lindsay ° suggests solvent mix-
tures for cellulose acetatc made up of some 200 combinations containing
pentachlorethane.

Molecular weight 202.3
Specific gravity 1.582 (25°C.)
Boiling point 161.9
Freezing point - 22
Flash-point None
Explosion point Nonce
Latent heat of vaporization 55.1 cal /g. at B.1,
Specific hcgz‘

al. g./° C.

B e 0.27
Refractive index 1.503 (24° C.)
Hexachlorethane

exachlorethane (CClzCCls, carbon trichloride, carbon hexachloride,
perchlorethane, tetrachlorethylene dichloride) is a white, crystalline com-
pound of camphor-like odor. It has a specific gravity of 2.091, melting
point at 184° C. and sublimes at 185° C. It is soluble in ether, alcohol
and oils. It is used in the manufacture of synthetic organic chemicals,
as an accclerator, as a camphor substitute in celluloid and as an ingredient
in safety explosives.

Propylene Dichloride

Propylene dichloride (CH3CIICICITLCl, propylene chloride, 1,2-di-
chlorpropane) is a colorless, stable liquid of low inflammability with a
distinct odor. In odor and in solvent propertics it resembles cthylene
dichloride. It is a solvent for oils, fats, waxes, gums and resin. The
addition of an active solvent like acetone to propylene dichloride imparts
solvent properties for cellulose ethers and esters. Its wide range of sol-
vency, and its stability and low specific gravity make it desirable in many
industries. It is miscible with most common solvents and is used as an
intermediate in the organic synthesis of alcohols, amines, nitriles and
acids: as an inactive reaction medium for chlorination and sulfonation;
as an ingredient in dry-cleaning fluids, scouring compounds, spotting
agents and metal degreasing fluids; and as a fumigant.
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Courtesy of Dow Chemical Co

Prare 10.  Chlorinated Hydrocarbon Plant.
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FiGure 51.

Viscosity of Propylene Dichloride at Various Temperatures.®
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Courtesy of Dow Clicmical Co.
Prarte 10. Chlorinated IMydrocarbon Plant,
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Tigure 52. Vapor Pressure of Various Chlorinated Solvents at Different
Temperatures.®
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Ficure 53.

Solubility of $-Sec. R. S. Nitrocellu-
lose in Mixtures of Butyl Acetate, Tolu-
ene and 70-30 Propylene Dichloride-Al-
cohol.

bl 707, PROPYLENE DICHLORIDE
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Properties of Propylene Dichloride

Moleccular weight
Boiling point
Specific gravity

Weight per gallon
Refractive index
Surface tension
Viscosity
Vapor pressure
Specific heat
Tlash-point (A.S.T.M. Open Cup)
Latent heat of evaporation
Solubility in water
Solubility of water in propylene
dichloride
Explosive limits in air
Lower
Upper
Dielectric constant
(85.8 kilocycles)

Ignition temperature in air
Coefficient of expansion (per °C.)
Freezing point

112.96
95.9° CQO" e
1.1593 0°C.

9.65 1b. (20° C.)

1.4068 (20° C.)

31.4 dynes/cm. (25° C.)
0.00865 poise (20° C.)
35.8 mm. Hg. (20°C.)
0.334 cal./gm. (25°C.)
21° C. (70°F.)

72.2 cal./gm. at B.DP,
0.26%, by wt. (20° C.)

0.07% by wt. (20°C.)

3.49, by vol. (25°C,)
14.59, by vol. (100° C.)

8.925 recip. ohms (26° C.)
557°C.

0.001108 to 20° C.
0.001153 to 55° C.

- 80°C. (- 112°F)
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Ficure 54. Evaporation Rate of Ethyl Acetate and Various Chlorinated Solvents
at Room Temperature.®
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Amyl Chloride

Amyl chloride (CH3;CH,CH,CH:CH,Cl, isoamyl chloride) is a color-
less to straw-colored liquid and contains amyl chlorides and amylene as

impurities.
Color
Specific gravity

Free acid as HCl1

Amylene

Other hydrocarbons

Polychlorides

Weight per gallon

Disullation:

Water-white
0.875 (20° C.)
None

Less than 19,
None

None

7.28 1bs.

959, boils within plus or minus 2 degrees
of the true boiling point, 106° C.

Sharples Solvents Corporation manufactures a solvent that is a mixture
of all of the monochlorides of pentane and isopentane except tertiary amyl
chloride and secondary isoamyl chloride.

Amyl Monochlorides

Color
Specific gravity

[ree acid as HCl

Amylene

Other hydrocarbons

Polychlorides

Weight per gallon

Distillation:

Water-white

0.87 (20°C.)
None

Tess than 397,
None

None

7.25 1bs.

959, boils within the range of boiling points
of the primary and secondary amyl chlo-
rides, from 90° C, to 106* C,

TABLE 57.—Chlorine Content of
Various Monochlorides

Formula Per cent
CH,Cl. CH,. CH,. CH,. CH; 26
CH,. CHCI. CH,. CH,. CH;, 18
CH,. CH,. CHCI. CH,. CH;s 8

CH .
CH:>CH.CL,. CH,CI 16
CH,Cl .

th >cn.cn,. CH, 32

Amyl Dichlorides

Color
Specific gravity
Free acid as HCl

Monochlorides of pentane

Hydrocarbons
Weight per gallon

Distillation

TasLE 58.—Formulas and Boiling Point
of the Higher Dichlorides
Boiling Point
©C)

Formula
CH:CIN ¢y, CH,. CH, 135
G2
CHN A
SHPScH. cHeL CHCl 143

CH,. CHCIL. CHCIL. CH,. Cll; 138
CH,Cl. CHCI. CH,. CH,. CH; 143

Water-white
1.00-1.04 (20°C.)
None

None

None

8.5 lbs.

1009, boils within the range of boiling points of
the amylene dichlorides, from 120° C.to 177° C.
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These chlorides are miscible with alcohols, ethers, esters, ketones, etc.
They are solvents for waxes, oils, fats, resins and so forth, and are used
as solvents in pyroxylin and varnish lacquers, in plastics and in organic
synthesis like the Friedel-Crafts, Wurtz and Grignard synthescs.

Amylene dichloride (dichloropentane) is a liquid made up of a mixture
of isomeric dichlorides of pentanes. This mixture is used as a solvent
in the varnish and nitrocellulose lacquers, in plastics, and as a general
solvent.

Vinyl chloride is a water-white lignid used as a refrigerant and in
organic synthesis.

Color Water-white and clear.
Boiling range Not less than 959, distills over before the
60 mm.) t%mrécraturc of the liquid reaches
10° C.
Acetaldehyde Not more than 0.5%, by weight
Residue Not more than 0.5%, by volume
Dichlorethylene

Dichlorethylene (CIICICIICL, sym. dichlorethylene) is a colorless,
Tow-hoiling, slightly toxic liquid of pleasant odor. It is made up of two
stereo-isomeric compounds made by the partial chlorination of acetylene.
The hot vapors of dichlorethylene can be ignited but will not continue
to burn unless heat is supplied.  In actual practice there is little danger
in its use. Tt is a good solvent for oils, gums, resins, waxes, rubber,
shellac and cellulose acetate.  When it is used with ethyl or methyl
alcohol or alkyl acetates the mixture has a pronounced solvency for the
ester and ether derivatives of cellulose. Some of the low-boiling, highly
inflammable solvents are destined to be replaced by dichlorethylene because
of its excellent solvent powers and non-hazardous properties. It is also
used in the extraction of dyes, perfumes and organic material, in lacquers,
thermoplastics and as a rubber solvent. The physical properties of this
mixture are determined by the percentages of the different isomers present.

Trichlorethylene

Trichlorethylene (CHCICCls, cthylene trichloride, Westrosol, per-
chlorethylene, T'ri) is a stable, low-boiling, colorless, heavy, mobile, toxic
liquid with a pleasant odor reminiscent of chloroform. It is non-inflam-
mable, non-explosive, non-combustible, and will not attack the common
metals even in the presence of moisture. It is a solvent for chewing gum,
crude rubber, dyes, bitumens, pitch, sulfur, chlorinated hydrocarbons, oils,
fats, waxes, grease, tar, gums and resins such as ester gums, rosin,
coumarone, mastic, elemi and vinyl resins. It is miscible with acetone,
benzene, toluene, pyridine, amyl, butyl, ethyl and methyl acetates or alco-
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hols. The mixtures dissolve cellulose ethers and some types of cellulose
acetate. This is especially true when it is mixed with cyclohexanol or

p-toluene-sulfonamid. Trichlorethylene is also miscible with most organic
solvents.

Trichlorethylene is called by many the ideal solvent because it so

nearly fulfills all the requirements of the perfect solvent; these may be
summarized as follows:

High solvent power Low toxicity

Rapid rate of penetration Non-inflammabilit
Ease of separation from extracted Low specific gravity
matter

Low latent heat of vaporization
Low specific heat
Optimum boiling point

Economical recovery
High stability

“Tri” is widely used as an extraction medium in a number of indus-
tries. It is used in the extraction and purification of olive, maise, linseed,
soy-bean and other oils from the press cake or native material ; of mineral
and vegetable waxes, of cocoa butter, fats, nicotine, explosives (like
T.N.T.), greases from tankage, bones and leather, and caffeine from cof-
fee. Trichlorethylene is recommended and used in analytical procedures

POUNDS PER GALLON
1139 1207 2.

1174 1182 1190 1215 1224 12732 1241 1249

7
o

48

[
R

>
2

TEMPERATURE °C.

3 N

O
1400 TAI0 1420 1430 1440 1850 &G0 IA10 1480 1490 1500
SPECIFIC GRAVITY($:C)

FiGure §5. Specific Gravity and Weight per Gallon of Trichlorethylene at
Various Temperatures.®
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as a fat solvent. It also serves as a means of separating formic acid from
acetic acid and as an intermediate for the making of a number of organic
compounds. As an insecticide it is used in conjunction with soap. This
mixture destroys the larvae and pupae of stinging and aquatic insects like
mosquitoes and grape lice, and is effective as a disinfectant and cleaner
of vermin-infested clothes and floors. It is also useful both in the liquid
and vapor phase for degreasing metal surfaces, glass, dishes, films, molded
articles, leather, textiles and so forth. Further uses are as a cleaning agent
in electroplating metal parts; in the printing, painting, automobile, textile
and leather industries; in the dry-cleaning industry for its rapid cleaning,
unnecessary pre-spotting and freedom from fire hazard; and in making
wet-soap.

Trichlorethylene
Dry Preparation of
Extraction Cleaning Other Products
Edible Oils Textile Fabrics Organic Synthesis
Inedible Oils Furs Separation of
Organic Acids
Drugs Soaps
Purification of Spotting Prepara-
Foodstuffs tions
Purification of Miscellaneous
Explosives Insecticide Preparations
Vermicide
Recovery of Fumigant
Grease o
General Insecti-
Analytical Work cide
Garbage Grease Germicidal Soaps
Grape Lice General
) Solvent
Mosquitoes Oils
Degreasing
Metals Anthelmintic Fats
Leathers Greases
Wazxes
Raw Wool Refrigerant
Textiles Low Pressure Tar
Machines
Machinery Rubber
Dewaxing Mineral Gums
Oils Resins

F16. 56.—Principal Industrial Uses and Applications of Trichlorethylene.!

There are reports that many cellulose acetate silk dyes are soluble and
show bleeding in trichlorethylene. The most affected colors are the yel-
lows, oranges, reds and violets. The blues are less affected, and the blacks
practically not at all. The majority of vat dyes are only slightly affected.
Indigoid vat dyes bleed more readily than the anthroquinone type. Azoic
colors bleed quite badly. The following colors show little or no bleeding:
basic cotton dyes, basic, acid, direct and mordant silk dyes, and sulfur
viscose silk dyes. Other uses for trichlorethylene are in neutral and liquid
soaps, in egg-covering compounds, in degreasing and depitching com-
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Freure §7. Viscosity of Trichlorethylene at Various Temperatures.®

pounds; as an ingredient in paint, varnish and tar removers in household
cleaning compounds, in rubber cements, in shoe and stove polishes and
in fumigation; as an intermediate in the manufacture of dyes, pharma-
ceuticals, perfumes, and organic chemicals; as a general solvent and a
laboratory reagent; in degreasing bones, feathers, leather and wool; as a

spotting agent and in dewaxing of oils.
a volatile thinner for paints, lacquers and thermoplastics.

Molecular weight

Boiling point

Freezing point.

Color

Specific gravity
°C.

Refractive index
Surface tension
Vapor pressure
Specific heat

It also finds wide application as

131.38

86.7° C,

- 88°C.
Water-white

1.4996

1.4762| (referred to
1.4514 - water at
1.4262| 4°C.)
1.3997

1.4735 (27°C.)

32.0 dynes/cm. (25° C.)
60.0 mm.Hg. (20° C.)
0.229 cal./gm. (23° C.)
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Flash-point (A.S.T.M. Open Cup)
Latent heat of evaporation
Cocfficient of expansion (per ° C.)
Solubility in water

Solubility of water
in trichlorethylene

Vapor Density
Viscosity
25°C

75

Heat of vaporization

at, {50

Dielectric constant
Heat conductivity (lquid)
at 64° I,

None at B.P.

57.3 cal./g. at B.D.
000115 to 20° C.
0.109 by wt. (25° C.)

0.029%, by wt. (25° C.)
§0.277 pounds per cu. ft. (90° C.)
13.6 cu. ft. per pound (90° )

0.550 centipoise
0.446 “
0.371 “

(58 cal./kg.

1104 5 Bt u /b,
3.42

§0.0672 B.t.u [sq. ft./ft.
10:0718 ° 1./hr.

Solubility of Water in Trichlorethylene®

r—r——"l'emperaturem\

©C) CF.) g. Water per 100 g. Tri
10 50 0.017
18 64 0.025
28 82 0.035
& | LT il o
L
70
Y M /
08
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% BY WEIGHT WATER

Ficure §8. Solubility of Water in Trichlorethylene at Various Temperatures.®
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TABLE 59.—Solubility of Various Substances in Trichlorethylene at 15°C.!

(Percentage by Weight as Grams of Substance Dissolved in 1060 Grams of Tr)

Per cent
Material by Weight
Benzoicacid................ 6.9
Boricacid..............unen 0.016
Citricacid.................. 0.012
Malicacid.................. 0.01
Salicylic acid........... vee.. 028
Tartaricacid................ 0.005
Adeps suillus. ......... In warm Tri
to some degree
Agaricinum................. 0.014
L3 - U 0.013
Amygdalinum.. ............ 0.029
Anthracene................. 1.01
Arbutinum.................. 0.011
Asparagin.............o.... 0.018
Sodium biborate . g.(s)ll
.56

Well in warm Tri,
not so well in cold

Mercuric chloride............ 0.035

Codeine..........covvnnnnn, 12.0

Caffeine.................... 0.76
130000

Per cent
Material by Weight
Colophonium ...............
3 g. dissolve in § cc.
Coumarin........cooeveun.
1.5g. dlssolve in § cc.
Glucose........ovvvee veees.. 0.006
Gutta percha.......... Resinous part
easily soluble
Heleninum.......... 1.5 g. easily dis-
solve in 2 cc.
Codeine hydrochloride. ......
Mastic......... 3 g. dissolve in 2 cc.
Nicotine........covvvvnnnnn. 6.5
Potassium nitrate. 0.01
Cocoa butter. .. Fair
Oliveoil........ .. Fair
Piperine..........coovvvnnn. 9.83
Saccharine......oovvennnnn. 0.012
Saccharine lactate........... 0.004
Salicine.......covevvevenn..n 0.013
Santonine................... 246
Quinine sulfate.............. 0.07
Sulfur depuratum............ 1.16
Tannin.......covveeeenennns 0.012
Theobromine..... .......... 0.008

19000

8

§

VAPOR PRESSURE - MM MERCURY

3

A

20°¢ 0 oc w0 20¢ 30° 40 %0 o
TEMPERATURE *C

o 130°  150°  170° 190" 210° 230" 2%0°

Figure 59. Vapor Pressure at Various Temperatures of Some Saturated
Halogen Derivatives.
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TABLE 60.—Relative Toxicities,* Carbon Tetrachloride Arbitrarily Taken as 1.0?

e —t—

Tetrachlormethane (carbon tetrachloride) ...... P, e CCl, 1.0
Perchlorethylene.... .....c.coiiiiiiiiiiiin i, 1.6
Trichlorethylene. . .......cooiiiiiiiiiiiii i iinns 1.7
Dichlorethylene. ........coviriin i 1.7
Trichloromethane (chloroform) ... 2.2
Pentachlorethane.............oooiiiiiiiiii i, 6.2
Tetrachlorethane........ovveririnniiiiiiieneeeenrnnnns C.H.Cl, 9.1

*The information was obtained from various sources in technical and medical literature.
{Non-toxic under most conditions.

/// / I
N /// c"\v\ c"'l L ¥
ot 9% J/lﬁ"/
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%1000 e - |
3
§ 7,
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3 %00 — 1=
4
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0% i0°’ 23 0 204 307 40° 80° 60" 707 _B0° 90° 100° (10° [20° 130° WO" I50° 100" 170° 180" 200 220° A0 10*
T

FiGUurRe 60.* Vapor Pressure at Various Temperatures of Unsaturated
Aliphatic Halides and Miscellaneous Inorganic Aliphatic and
Aromatic Derivatives.

* Figuies 59 and 60 are from a compilation prepaied by C. Hadlock, Enginecting Dept., E. I.
Dupont de Nemours and Company.

TaBLE 61.—Effect of Tri on Tensile Strength* of Various Fabrics!
Values in pounds per inch width

Filling Warp—————

Treated Treated

Untreated with Tri Untreated with Tr1
Cotton 28.8 27.3 37.2 39.2
Linen 33.3 36.8 39.0 46.2
Silk 22.3 21.2 41.5 43.2

Cellulose acetate

Rayon 10.2 10.5 10.8 12.0
Viscose rayon 19.9 20.1 19.3 20.1
Cuprammonium rayon 22.1 211 33.2 32.5

*Average of a number of experimental determinations.
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TABLE 62.—Flash-points of Various Tri Mixtures!

——Flash-point—
cy PG

Tri (%) Inflammable Constituent (%) © (P
0 100 Stoddard solvent 38 100.4
30 ce .. 70 “ “ 67 152.6
50 ... 50 “ “ Nonc
0 100 Kcrosene 41 106
S0 e 50 “ 90 194
0 e 100 Naphtha, 72°Gradc 21 70
SO0 e 50 Naphtha 65.5 150
80 ... e 20 “ 82 180
0 100 Benzine 30 86
50 e e 50 “ 74 165
1S 25 ‘ 82 180
83 17 ‘ 86.5 188
0 100 Benzene 27 80
67 e 33 ‘“ 86-88 187-190
0 ...100 Turpentine 49 120
TS e 251
80 L e 20 Turpentine 89--90 192-195
83 L. 17
TasrLr 63.-—Hazardous Concentrations of Various Solvents!
Maximum
Amount That
Rapudly Can Be Noxious;
Fatal Inhaled for Impos-
For One Hour sible to Lethal Lethal
Short Without Breathe Dose for Dose for
Expos- Serious Several Cats in Man in
ures IDisturbances Minutes 30 Min, 30 Man.
p.pm. p p.m. p.p.m. p.p.m. p p.m.
Carbon disulfide 33000 33000 500-1000
Carbon tetrachloride 4000-6300 63000 48000-63000
Chloroform 5100-6200 25000
Dichlorcthylene 44000
Gasoline 24300 4300-7100 17000
Pentachlorethane 9600
Perchlorcthylene 31000
Tetrachlorethane 7300
Trichlorethylene 37000
Tetrachlorethylene

Tetrachlorethylene (CCl.CCly, carbon bichloride, carbon dichloride,
perchlorethylene) is a heavy, non-inflammable, toxic, colorless liquid of
cther-like odor. It is narcotic, stable and slightly corrosive to mectals.
The miscibility and solvency of tetrachlorethylene are similar to those of
trichlorethylene, and the tetra- compound is used in place of trichloreth-
ylene where a slower rate of evaporation is desired. When either of these
compounds is mixed with an active solvent, the mixture will dissolve
cellulose ethers and esters.

Purified Technical
Molecular weight 165.83 165.83
Specific gravity 1.608 1.614
Boiling range 121-122° C. 118-122° C.
Freezing point - 19°C. — 22.4°C.

Flash-point None
Explosion point None
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Solubility in water (25° C.) 0.019,
Solubility of water

in C;Cls at 25° C. Tess than 0.019,
Latent heat of vaporization {;gg %altlf/]b
Specific heat

cal./g./° C. or

_ Bt.u/b./°F. 0.216

Viscosity 8.38 millipoises (25° C.)

280
750
20
630 l
660
630 VAPOR PRESSURE OF TRICHLORETHYLENE

* M CURVE 1-BELOW THE BOILING POINT .
cool_| | "OAGE =517 m m OF Hg ] CURVE II- ABOVE THE BOILING POINT  _
570 / o /l90
540 S 180
" |3 /.

| & /
480 e , 160
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30 S / 6 / 130
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FiGure 61. Vapor Pressure of Trichlorethylene at Various Temperatures. Curve I,
below boiling point. Curve II, above boiling point.!



INDUSTRIAL SOLVENTS

188

Teurduo a3 J

1% sjonpou

7z "ON
310q4es

TE€9°'1

0°7T1030°0CT S°L803 098

ON
€€

§505°1

dUIAYId
~20[q233d

asey,

¥Z 'ON
310q4Es

9L¥1
03 TLY'T
2000

QuoN
2000
"0 01—

¥ "'ON ¥T "'ON
310q4eg 3]oq4ieg
S8T'1 €621
03 6L2°T 03 882°1
L0000 L0000
$000°0 $S000°0
¥00°0 100°0
‘D oST— ‘O oST—

019031 0°IS 01903 §°LS

ON ‘PO ‘PO
¥6 90¢ SST
‘O oST 3E O oST 3®
LLLY'Y LOS¥'1 6IS¥'1
L10 SL0 LL'O
£S ¥ - SE'E
8LT°0 — 1220
a7 - ¥s'€
ozt 19°01 oL’o1
[Ay e (4244 81
£220 0Lz0 0Lz0
1°€01 811 €161
€18 €EL 0°€L
¥'9ll— 6711 —-0'85— 6'ZIT—
0'88— S08—-0"0S— S08—
1881  SOVI-T°611 S'ob1
198 £09-¥'8¥ £°09
8EIET £6 96 £6'96
1010
100 IDHD 0=2
=[OHD =10OHO HH
JudAY3R ..09-8%,, ..091d,,
-101gouY, U443 SUIAY}
-10[Ids  ~O[YRI

‘00 @ smomaN Ip juodng I *@t
*J0[09 puUE JOPO S}t Ul Ajrenonted ‘[esjem

0 sanzadoid ay3 ur suorjerrea 3onpoid sjuaSe UOINIPPE 53], ‘[euajew [euiduo ayj 03 jusde Sutulem ® O 3Y3PA 4q %€ 03 €0 woiy Burppe 4q paredaid
*..N» PUE ,.V,, ‘A[SWEU ‘SE[NWIO} [BUOCH}IPPE OM3 JOPUN ST [[94 St Suoledyroads 353y} 03 Surprodde panddns st QI LYV 30 SPHOMD [AUP Nas

'09-1,, 30 43R4 £q %09 PUe , 8%-1,, JO IYSPRM 49 %0F JO AMITIN

$Z "oN SSAp0[0) % "ON ¥Z ON Y
ﬁoﬂ%mw ae) u—oﬂ%dm u_.onham =193\ k0~00 wnwIxey
9921 Qe mh.wm\..mn ® o Mﬂmm ¥ 9£E"T
03 1971 03 5651 03 8LY'T 03 ££€ 1 (D o¥/ST) ‘Apaery agoadg
L0000 S1000 — SL000 0 100 34 4q % ‘npISRY XEW
S000°0 SuoN 1000 100 0 100 0 3 4q % “(IDH S7) PRV e
¥00°0 1200 L200 8000 M £q % ‘IEM "XE
D oST— D 01— D obT— :3e pnop oN
S8F0I0°LF O0LLOITIL ST901009 00¥O0IT6E 9€T— 03 9¥T— (D o) "BH "ww @9y, *33uey Suiog
{suotrony1oads =
POIN oN oN ON PO S|qewweguy
o e Mmm 241 124 11 o¥6¥ ‘BH "W 092 "D o0€ 3€ 3mssa1g Jodep
0 oS1 3®
06¥¥'1 LO9%'T L9VP'T LETH'T — (' o0Z) TOPU] 3ARdRIRY
£9°0 600 88°0 e 870 8 001/°3 D oS 1B J3IBM U £3IIqniog
yE'€ ZE S £T'% 6T yLT 00' = ire (‘ww 09
0£2°0 SEE0 Tz o 902 0 ¥S1°0 '33°09/qr  pue°d'd 3¥)
L9'¢ LE'S 9E'¥ [4345 L¥'T =3 431su3( Jodep
D oL’ €T~
6%°01 1€°€T f3 24 SIIL awwm.w *0 ¢0T 3® ‘Te9 32d spunog
LET—
18T°1 S65°1 68%°1 9£e°1 12 200'E *0 oH/0T 38 &Ecm ogadg
d o//qUD 3G 40 °] of B/
0Lz 102°0 $£2°0 682°0 78€°0 (PMbIT) "0 07 3® 189H dyPadg
9'Z€1 L'¢8 1°901 SS€1 €981 ‘qUnyd ('d°d 3¥) uonezuodep
L'EL S'9% 0°6S £6L $'201 3/ 1% Jo jeay Jue]
0'8S— 6 — L'18— 1291~ Le¥l— (d o)
00S— 0§~ 89— L 96— 9°L6— (D o) 3010g Buiza1g
T6ll 1°0L1 442 9 €01 LOI— (‘d o)
¥'8¥ L'9L 19 8'6€ L€T— (0 ) "BH "ww (9 3e Julod Buiog
£6'96 £8°€ST LE6IT €6 ¥8 8%°0S Y3PM JEMRPON
10H oo fOHO SI0'HO 10°HO B[N0, [ENWIYD
L8¥1Q,,  SPHOMOBIRT, %86 'YSL  3pHOD) 3pHo[yD
ualdygle uoqie) WIOJ0IOYD)  SUIAYIR AYPN
-Jo[yatq

sapadosd orsskYd

SUOQJEO0IPA}] PajeulIoyD—"§9 F1EV



189

HALOGENATED HYDROCARBONS

0 ocm\cu e

- ﬁomo.mo

puommIq
dudjddorg

OX

‘D oS8 3¢E
Suqng

81 "ON
3l0q4eg

069°T 03 £89°1

Juey3d
-lo[yovus g

81 'ON
210q4eg

7091038651
L0000
L7000

£20°0
D0l —

Jueyyd
-JO[yIRIRR ],

‘0D % synowaN Ip juodng [ ‘Fi

*apuoyal(q dus[4dorq pue dpuo[ydrg Jud[Ly3q Jo SIsA[eue aaejuasaiday}

T 'ON
}oqhes
*D o0T/0T 38
ISP 103 931 sl
8000 0 6000 0
S000 0 -
9100 7600
D oSI—
0STI030°ITT owww_.:.um
$suosnry12d g
ON "POIX
se 001
T T [34448¢
8%°0 68 0
19% ({3
€92°0 112°0
154 4 88°¢
¥$0°Z1 6%°01
1821 LST'1
992°0 10£°0
9'€T1 681
L'89 ¥yLL
15 4% SIe—
L9e— £Se—
€ 9¢C L7781
STl L°€8
0% £€1 $6 86
}IDHD 1D*HO
—10*HO —10*HO
Jueyld Jpuoyng
Buciing UAAYIF
“elg

sat1adosd oIssEyJ

YM
-1338 A\
*0 o¥/038

§76 0037260

10°0
1000

0'€103 02T
%56

sax
00¥1

‘D 001®

[JA39¢

D olT3E0Z0

10FHO

—_— nmo
apuoy)

1Ang

SUOQIed0IPAH PIIBULIONYD—'CQ ATAV],

10[0) WNWXEN

("D o¥/ST) ‘Aj1a®1D) dUWadg
"I £q % ‘InpIsAy "X
"I 49 % ‘(IDH S¢) PRV Xe
34 AQ % “JajeM XE
{38 pnop oN
("0 o) "3H "ww o9, *33uey Bumrog

sjqemweyuy
‘BH w09/ *D o0f 3® dmssaig Jodep

("D o07) X3PU] AREIRY

B001/'3 "] oST 3 J3EM UL LIR[Og
00'] =1t (T g9,
.c mojqr  puedd 3%)

1y/3 £ysu3q Jodep

*D 40T 3¢ ‘€D 33d spunog

D o#/07 38 £31a®I5) dgwdg
mo\n_\:.um.s 0 o/3/'18
(PMDIT) *D 40T 3® 383H dyadg

qUnig  (d'd 3¥) uonszuode)p
.m\.—do A g v 30 Je9H 3udje]
B
(D o) 3ut0g ButzaR1g
(d o)

("D o) "3H ‘wwr g9, 3 Jutog Burog
U3PM TEeMRO

Tnumo ] [edfmay)



190

INDUSTRIAL SOLVENTS

Booth, Mong and Burchfield 7 have fluorinated hexachlorethane and
have displaced one to five of the chlorine atoms with fluorine.

TABLE 66.—Solvent Action of Fluorine-Substituted Chlorcthylenes?

Solute

Ammonium nitrate

Ammonium fluosilicate
Ammonium thiocyanate

Asbestos

Barium dioxide
Boric acid
Cadmium iodide
Chromium oxalate

Chromium chloride (violet)

Iodine

Potassium antimonyl tartratc
Potassium chromate
Potassium permanganate

Silver nitrate
Sodium carbonatc
Water

Anthranilic acid
Benzoic acid
Malic acid
Malonic acid
Mandelic acid

Monochloroacetic acid

Phthalic anhydride
Salicylic acid
Stearic acid
Succinic acid
Tartaric acid

Amberol F7 light
Bakelite XR821
Dammar

Ester gum
Glyptol 1102
Shellac

Agar

Gelatin

Gum arabic
Gum mastic
Casein

Egg albumen
Cocoa butter
Castor oil
Cottonseed
Anisol

Citral

Clove oil

n-Hexane
n-Heptane
Kerosene

Organic Acids and

C:Cl:Fs

Inorganic Compounds

Insol.
Insol.
Insol.
Insol.
Insol.
Insol.
Insol.
Insol.
Insol.
Insol.
Slightly sol.
Insol.
Tnsol.
Insol.
Insol.
Insol.

Acid Anhydrides

Very slightly sol.

Modcrately sol.

Very slightly sol.

Insol.
Insol.
Insol.
Moderately sol.

Very slightly sol.

Moderately sol.

Very slightly sol.

Very slightly sol.

Resins, Gums, Fats, Oils, elc.

Slightly sol.
Insol.
Moderately sol.
Moderatcly sol.
Insol.

Insol.

Insol.

Very slightly sol.
Insol.

Slightly sol.
Insol.

Insol.

Very sol.

Very sol.

Very sol.
Miscible
Miscible
Miscible

Aliphatic Solutes

Miscible
Miscible
Miscible

C:ClLFa

Insol.
Insol.
Insol.
Insol.
Insol.

Insol.
Insol.
Insol.
Insol.
Slightly sol.
Insol.
Insol.
Insol.
Insol.
Insol.
Insol.

Insol.

Very sol.

Insol.

Insol.

Insol.

Insol.
Modecrately sol.
Moderately sol.
Slightly sol.
Very slightly sol.
Very slightly sol.

Slightly sol.
TInsol.

Very sol.
Insol.

Insol.

Insol.

Tnsol.

Very slightly sol.
Insol.

Insol.

Insol.

Insol.
Soluble
Miscible
Miscible
Miscible
Miscible
Miscible

Miscible
Miscible
Miscible
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TABLE 66.—Solvent Action of Fluorine-Substituted Chlorethylenes’™—(Continued)

Solute C2:ClsFs
Aliphatic Solutes—(Continued)
Carbon tetrachloride Miscible
Chloroform Miscible
Dichloromethane Miscible
Hexachloroethane Sol.
Bromoform Miscible
Todoform Slightly sol.
Ethyl bromide Moderately sol.
Methylene iodide Insol.
Ether Miscible
Ethyl alcohol Miscible
Methanol Miscible
Ethylenc glycol monobutyl cther Miscible
Glycerol Insol.
Acetone Miscible
Cane sugar Tnsol.
Cellulose acctate Insol.
Nitroccllulose (14 sec.) Insol.
Urea Shightly sol.
Thiourea Insol.
Acetamide Very slightly sol.
Theobromine Very sol.
Sulfonal Slightly sol.
Trional Slightly sol.
Dimethylglyoxime Insol.
Aromatic and Ring Com pounds

Benzene Miscible
Diphenyl Moderately sol.
Naphthalene Very sol.
Anthracene Very slightly sol
Xylene Miscible
Chlorobenzene Miscible
Todobenzene Miscible
a-Chloronaphthalene Miscible
a-Bromonaphthalene Miscible
Tribromophenol Very sol.
Nitrobenzene Miscible
Azobenzenc Very sol.
Aniline Insol.
Acetanilide Moderately sol.
Antipyrine Very slightly sol.
Diphenylamine Insol.
Quinaldine Miscible
Methylene bluc Insol.
Indigo Very slightly sol.
Phenol Very slightly sol.
Benzyl alcohol Miscible
Resorcinol Insol.
Benzil Moderately sol.
Diphenyl carbinol Moderately sol.
Thymol Very sol.
Camphor Very sol.
Benzophenone Very sol.
Anthraquinone Insol.
Phenolphthalein Insol.
p-Nitrobenzoylacetoacetic ester Moderately sol.

C:CLFs

Miscible
Miscible
Miscible
Sol.
Miscible
Slightly sol.
Very sol.

Insol.
Miscible

Miscible
Miscible
Miscible
Insol.

Miscible

Very slightly sol.
Insol.

Insol.

Slightly sol.
Insol.

Very slightly sol.
Slightly sol.
Moderately sol.
Very sol.

Insol.

Miscible
Very sol.
Very sol.
Very shightly sol.
Miscible

Miscible
Miscible
Miscible
Miscible
Slightly sol.

Miscible

Very sol.
Miscible

Very shightly sol.
Slightly sol.
Very sol.
Miscible

Insol.

Insol.

Very slightly sol.
Miscible

Insol.
Moderately sol.
Very sol.

Very sol.

Very sol.

Very sol.
Slightly sol.
Imsol.

Very sol.
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AROMATIC

Monobrombenzene

Monobrombenzene (CeHsBr, phenyl bromide, brombenzene) is a
heavy, mobile, colorless liquid of pleasant characteristic odor. It is an
efficient solvent for many substances and is miscible with both petroleum
products and halogenated solvents. Brombenzene is used as an interme-
diate in organic synthesis. It is added to motor fuels both for its ability
to dissolve and remove “gasoline gum” and for the lubricating properties
it imparts. Brombenzene is also used as a crystallizing solvent for organic
substances.

Molecular weight 156.96
Specific gravity 1.499 (15°C.)
Weight per gallon 12.51 1bs.

o
Boiling point «{é‘;gga (I:‘:
Freezing point { - ;ggi 1(;
Flash-point 65° C.

Dibrombenzene

Dibrombenzene (CgH;Brs, o-dibrombenzene) is a heavy liquid of
pleasant aromatic odor. It is completely miscible with most solvents and
is a particularly good solvent for oils. It is added to gasolines for its
ability to dissolve gummy and waxy deposits. Other uses are in organic
synthesis and in the separation of ores by flotation.

Monochlorbenzene

Monochlorbenzene (C¢H;Cl, chlorbenzene, phenyl chloride, monochlor-
benzol) is a colorless, mobile, volatile, inflammable liquid of almond-like
odor. As a fire hazard it is not considered very dangerous. It is mildly
narcotic and is reputed to be less toxic than benzene. It is made by the
chlorination of benzene in the presence of a chlorine-carrier. Monochlor-
benzene is miscible with most organic solvents and will dissolve ethyl cel-
lulose, many natural and synthetic resins like rosin, dammar, soft copal,
vinyl resins Bakelite, acetylcellulose and so forth. Like other halogenated
hydrocarbons the solubility power of chlorbenzene is increased by the
addition of amyl, butyl, ethyl or methyl alcohols or their acetate esters.
Monochlorbenzene is added to lacquers for its unique property of pro-
ducing a crackle or matt effect. It is used in organic synthesis, in the
manufacture of chemicals, perfumes, dyes, drugs and so forth.

Dichlorbenzene

Dichlorbenzene (CgH,Cls, orthene, o-dichlorbenzene) is a limpid, vola-
tile, stable liquid of characteristic odor, and although it is considered non-
inflammable it will burn when ignited. It is a mixture composed, prin-
cipally, of ortho compounds which contain varying amounts of para and
meta isomers. o-Dichlorbenzene is miscible with most organic solvents
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and is a solvent for the oxides of non-ferrous metal, waxes, sulfur, and
organic sulfur derivatives, oils, natural and synthetic resins, acetylcellu-
lose and so forth. It is recommended as an ingredient in metal polish,
and as a wax solvent, and is added to lacquer and varnishes for its sol-
vency, penetration, slow evaporation, and its ability to impart easy-working
qualities and freedom from orange peel. It is a termite exterminator,
repellant and wood preservative which consequently makes it a natural
selection as a fungicide and preservative. o-Dichlorbenzene is also used
in organic synthesis of dyes and drugs, in the removal of sulfur from
illuminating gases and as a fumigant. Ehrlich® is of the opinion that
o-dichlorbenzene makes an ideal fat solvent owing to its avidity for fat.
He bases his conclusions upon the fact that this solvent works in the
presence of water; it extracts fat and oil completely, and can be recovered
by direct steam distillation.

Purified Technical

Molccular weight 146.95 146.95
Specific gravity (25° C.) 1.305 1.284
Weight per gallon 10.9 1bs. 10.7 1bs.
Chief impurities

frgl}(:l}gggfggfge} not over 49, not over 129,
Boiling range

°C. 178-180 5 172-179

°P. 352.4-356.9 341.6-354.2
Freezing point

°C. not below — 19.3  below — 20

°F. not below - 2.7 below -4
Flash-point

°C. between 63and 77 63-77

°F. 1454 145.4
Burning point

°C. ? 103 103

°F. 2174 217.4
Solubility in water (25° C.) Less than 0019,
Latent heat of vaporization

cal./g. 66.4

B.t.u./lb. 119.5
Specific heat

cal./g./° C. or B.t.u./lb [°F. 0.271

Some other solvents proposed are monoiodobenzene and trichlorben-
zene. The following solvents have been proposed as nitrocellulose solvents:
nitrobenzyl chloride, nitrochlorbenzene, p-chlornitrobenzene, p-dibromben-
zene, alpha and beta derivatives of mono-, di-, and tetrachlorides of naph-
thalene. Some 45 solvents were proposed by Carpmael ® and these were
made up of di-, tri-, tetra-, penta-, and hexachlor-, or brom-, or fluor-
benzenes, or -toluenes, or -xylenes. When assisting solvents such as amyl,
butyl, ethyl, isopropyl or methyl alcohol or their acetic esters are added
to halogenated aromatic hydrocarbons, the mixture takes on special solvent
properties for ethers and esters of cellulose.
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Trichlorbenzene

Trichlorbenzene (CeH3Cl3) is a colorless, stable, refractive liquid of
an odor simulating o-dichlorbenzene. It is miscible with most solvents
and oils.

Molecular weight 181.40

Specific gravity 1.45 (20°C.)

Weight per gallon 12.16 1bs.

Chief impurities { ! 'Z'g;}::szlolrgggzme

§213-217° C.

Boiling range L4154 122.6° F.

Freezing point {i—(’lll 05(]1.80 P

Flash-point None to boiling point
Chlorhydrins

Ethylene Chlorhydrin

Ethylene chlorhydrin (CICH,CH,OH, glycol chlorhydrin, 2-chlorethyl
alcohol) is a colorless, highly refractive, toxic liquid of cthereal odor. It
is made by the action of chlorine water on ethylene. Commercially it
appears on the market in an anhydrous condition and in a 38 per cent
aqueous solution which contains hydrochloric acid and ethylene dichloride
as impurities. Ethylene chlorhydrin is miscible with water, alcohol, ben-
zene and so forth. It has the unusual property of dissolving cellulose
acetate and tolerating the addition of water at the same time. When glycol
chlorhydrin is admixed with methyl alcohol, the mixture hecomes a solvent
for ethyl cellulose.

Ethylene, or propylene, or butylene chlorhydrin and water, or water
and alcohol, are powerful solvent mixtures for cellulose acetate.

Ethylene chlorhydrin is used in the organic synthesis of such substances
as oil of rose, Novocaine and indigo, and for the introduction of the
hydroxy-ethyl group. The 38 per cent solution of glycol chlorhydrin is
used to activate the sprouting of dormant potatoes.

Acidity Not more than 0.19 cale. as HCI.
Color Not more than 2.0 yellow
Purity Not less than 389 ethylene chlorhydrin
o
Specific gravity not less than 1.083 at g—g—og«
Weight 9.1 Ibs./gal. (15.6° C.) '
Monochlorhydrin

Monochlorhydrin (CICHCH(OH)CH,OH) is a colorless, hygro-
scopic, unstable liquid. It is made by passing hydrochloric acid gas
into glycerol containing 2 per cent acetic acid. The commercial grade
is a mixture of the two isomers alpha and beta, of which alpha is in a
greater proportion.
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Monochlorhydrin is a solvent for acetylcellulose, glyceryl phthalate
resins, and is able to dissolve partially ester gum, benzyl abietate, shellac,
and mastic. It is miscible with water and a number of organic solvents
but will not mix with oil and hydrocarbons. A mixture of 40 per cent
monochlorhydrin and 60 per cent water will dissolve cellulose acetate. It
is used as an intermediate in organic synthesis, and in the manufacture
of explosives and Novocaine.

Specific gravity 1.326 (18°C.)

Boiling point 213° C.

Boiling range 213-228° C. (decomposes)
Dichlorhydrin

Dichlorhydrin (CICH.CH (O )CIT.Cl, glycerol dichlorhydrin, dichlor-
isopropyl alcohol, 1,3-dichlor-propanol-2, «-propenyl-dichlorhydrin) is a
colorless, slightly viscous, non-inflammable, unstable liquid of a faint
chloroform-like odor.

In commerce it is a mixture of the two isomers 1,3-dichlor-2-hydroxy-
propane and 1,2-dichlor-3-hydroxypropane of which the former is in a
dominant amount.

It is a solvent for cellulose acetate, ethyl cellulose and some types of
cellulose nitrate, benzyl abietate, soft copal, copal ester, dammar, elemi,
cumar resin, ester gum, glyptol resins, manila, mastic, shellac and so forth.

Lilienfeld ® and others have proposed some 80 solvent mixtures for
ethyl cellulose and these are dichlorhydrin and other supplementary dis-
solvents. The mixture of glycerol dichlorhydrins is miscible with vege-
table oils and most organic solvents, and is soluble in water to the extent
of 10 per cent. It is used as an intermediate in organic synthesis, as a
solvent for resins and cellulose derivatives in lacquers, in celluloid cement,
and as a binder for water colors.

Specific gravity 1.36-1.39

Boiling range 174°-176° C. (959%,)

Boiling point (1.3)174° C.-(1.2)183° C.

Refractive index 1.47-1.48

Flash-point 74° C.

Vapor pressure 7 mm, Hg
Epichlorhydrin

Epichlorhydrin (CH,;OCHCH_CI, chlorpropylene oxide) is a highly-
volatile, unstable, narcotic liquid of chloroform-like odor.

It is immiscible with water and petroleum hydrocarbons, but is miscible
with alcohols, ethers, esters, ketones and aliphatic halogen derivatives. It
is a powerful solvent for many types of cellulose esters and ethers, syn-
thetic and natural resins and gums, and is used in lacquers and in surface
coatings, together with plasticizers.

Specific gravity 1.19-1.20
Boiling point 117°C.
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Propylene Chlorhydrin

Propylenc chlorhydrin (chlor-isopropyl alcohol) is a colorless liquid
soluble in water. It is used in organic synthesis for the introduction
of the hydroxy-isopropyl groups.

Purity 46 to 549, propylene chlorhydrin by weight
Specific gravity 1.066 to 1.076 at _§g° g

Acidity Not more than 0.029%, as HC1

Color Water-white, if shipped in glass

Odor Mild, non-residual

Solubility in water Miscible in all proportions

Average weight 8.9 Ibs./gal. (20° C.)

Other proposed chlorhydrin solvents and plasticizers are:

Amylene chlorhydrin
Aceto chlorhydrin
Benzo chlorhydrin
Aceto dichlorhydrin
Diaceto chlorhydrin

Dichlorethyl Ether

Dichlorethyl ether (CICH,CH,OCH.CH.Cl, sym. or B,8-dichlordi-
ethyl ether) is a colorless, stable, non-corrosive liquid with an odor
like that of ethylene dichloride. It is an active solvent for oils, fats,
waxes, gums, tars, pectins, natural and synthetic resins, insoluble soaps
and ethyl cellulose. When symmetrical dichlorethyl ether is mixed with
10 per cent to 30 per cent ethyl alcohol, the mixture will dissolve many
types of cellulose esters and ethers, The active solvency of this com-
pound is owing to the combined action of the ethyl ether and ethylene
dichloride groups in the molecule

Cl—CH,—CH ,>
Cl—CH,—CHy

It is miscible with many organic solvents but not with the paraffin
hydrocarbons. Because of its detergent action dichlorethyl ether is used
to assist soap solutions in such textile processes as kier boiling, scouring,
scouring for the removal of paint, tar, oil and grease spots.

It is also used in fulling compounds and in wetting-out agents and
penetrants. It also finds application as an intermediate in synthesis and
as an activating medium in chemical reactions, as in sulfonation and so
forth. It is also used as a diluent in acetyl- and nitrocellulose lacquers,
in paint and varnish removers, in spotting agents and cleaning solutions;
and it can equally replace ethylene dichloride especially where high tem-
peratures are required. Further uses for dichlorethyl ether are in the tex-
tile industry, as a softening and conditioning agent, as a substitute for
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caustic alkalies in kier boiling, in peroxide bleaching for penetration, in

desizing, and as an aid in mercerizing.

Molecular weight
Boiling point

Specific gravity

Weight per gallon
Refractive index

Surface tension

Viscosity

Vapor pressure

Specific heat

Latent heat of evaporation
Flash-point (closed cup)

Solubility

Apparent ignition
temperature in air
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Fi1Gure 62. Solubility of Low Vis-
cosity Cellulose Acetate in Mix-
tures of Diacetone Alcohol, Butyl
Alcohol and Dichlorethyl Ether.

142.98

178° C.
20° C.

1.22 e

10.1 1bs. (20° C.)

1.457 (20° C.)

41.8 dynes/sq. cm. (25° C.)

2.0653 centipoises (25° C.)

1.2 mm. (20° C.)

0.369 cal. (20-30° C.)

64.1 cal./g. (178° C.)

55°C. (131°F.)
{[nsoluble in water

Soluble in most organic
liquids

396° C. (745° F.)
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IF1GURE 63. Solubility of 3 Second R.
S. Nitrocellulose in Mixtures of
Cellosolve Acetate, Butanol and
Dichlorethy! Ether.®

AVA

Halowax Oils

Halowax oils are thin, neutral, mobile, almost colorless liquids of a
characteristic heavy odor. They are insoluble in alkaline solutions but
are soluble in carbon tetrachloride, benzene, and most organic solvents and
oils. They dissolve many types of dyes, gutta percha, rubber, mineral and
vegetable oils, resins, varnish gums and waxes. Halowax oils are non-
corrosive to metals and are high in diclectric strength.

Specific gravity
Liquid at
Freezing point
Flash-point
Boiling range
Specific heat

1.20-1.27 (20° C.)

- 31°C.

-36°C.

111°C.

(about) 250-288° C.

0.282 (between 30-60° C.)
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TABLE 69.—Solubility of the Aroclors In Various Solvents*

(Figures Represent Grams of Aroclor per 100 ce. Solvent)

Solvent Cold old ot
Mineral spirits S S S S
Gasoline S S S S
Kerosene S S S S
Paraffin — S (50°C.) — S (50°C.)
Benzene S S S S
Toluene S S S S
Xylene S S S S
Turpentine S S S S
Pine oil S S S S
Methyl alcohol 42.5 (29°C.) 88.5 (60°C.) 15 (26°C.) 22.2 (65°C.)
Ethyl alcohol 23.3 (29°C.) 80.0 (70°C.) 10 (27°C.) 28 (15°C.)
Normal butyl alcohol S S S S
Amy! alcohol S S S
Glycerin il I I I
90% Phenol 194 (30°C.) S (99°C.) +P.S. Slowly soluble
Ethyl ether S S S S
“Cellosolve” acetate S S S S
**Cellosolve" S S S S
“Carbitol" 224 (31° C ) 307 (99°C.) 173 (26°C.) 259 (98°C.)
p-p’ Dihydroxy ethylether 16.9 (23°C.) 19 (99°C.) 8 (30°C.) 10 (100°C.)
Castor oil S S S S
Methyl acetate S S S S
Ethyl acetate S S S S
Butyl acetate S S S S
Amyl acetate S S S S
Ethyl lactate S S S S
Dicthyl phthalate S S S S
Dibutyl phthalate S S S S
Tricresyl phosphate S S S S
Cottonseed oil S S S S
Ethylene glycol diacetate S S S S

*Courtesy of Swann Chemical Company

——Aroclor 1242——
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Chapter 10
Alcohols

In the opinion of Worden the solvent power of the aliphatic alcohol
groups for cellulose derivatives incrcases with an increase in molecular
weight within the homologous series. By adding an aromatic hydrocarbon
an increased solvency is imparted for ethyl and benzyl cellulose.

Methyl Alcohol

Methyl alcohol (CH3OL, methanol, wood alcohol, Columbian spirits)
is a limpid, mobile, toxic, inflammable, hygroscopic, volatile liquid of
spiritous odor. Boyle in 1661 was the first to obtain it in a crude state
from the distillation of hardwood and he named it adiaphorous spirit.
It was first refined on a small scale by Dollack in 1865. Wood alcohol
until recently was made by the destructive distillation of wood. At
present, the bulk of methyl alcohol is made synthetically by combining
carbon monoxide and hydrogen under pressure by the aid of a catalyst.
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The commercial grade of methanol, made from the distillation of wood
and containing such impurities as methyl acetone, methyl acetate and
various oils, is a more powerful solvent than the chemically pure syn-
thetic product. Methyl alcohol will dissolve low-viscosity nitrocellulose,
ethyl cellulose, acetylene, alkaloids, insoluble soaps, natural and syn-
thetic resins, oils, fats, gums, shellac, castor and croton oils. By adding
acetone, ethyl acetate, or benzene to methanol its solvent power is aug-
mented for a wider range of substances including such materials as the
esters and ethers of cellulose. It is entirely miscible with water, alcohols,
ketones, esters, halogenated hydrocarbons and many other organic sol-
vents. Methyl alcohol is also partly miscible with benzene. Methyl
alcohol is used extensively as an industrial solvent, in the lacquer industry,
in the preparation of celluloid, films, plastics, textile soaps, wood stains,
artificial leather and non-scatterable glass. Owing to its solvency for
gums and resins it is used in the paint and varnish industry. It finds
application as a purifying and extraction medium for organic compounds
and its most diversified use is as an intermediate in organic synthesis
Methyl esters are employed as solvents, in perfumes, flavors, drugs and
so forth. Other suhstances which are made from wood alcohol are dyes,
formaldehyde, etc. It is extensively used as a denaturant, in antifreeze
mixtures, in compositions like celluloid cements and in motor fuels. At
present the tendency is to combine methanol with higher-boiling solvents
to retard evaporation and retain or fortify its excellent solvency. Some
other uses for methyl alcohol are in enamels, stains, chemical analysis,
dyeing straw hats, paint and varnish removers, alcohol lamps, cleaning and
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FiGure 67. Specific Gravity and Weight per Gallon of Aqueous Solutions
of Methanol.?
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dewaxing compounds, embalming fluids, shellac solutions, spirit varnishes,
wood stains and so forth.

Molecular weight 32.03
Boiling point 64.5° C.
Melting point - 97.8°C.
o
Specific gravity 0.792 ZTQ,-
Weight per gallon 6.59 (20°C.)
Refractive index 1.329 (20° C.)
Surface tension 22.6 dynesfcm. (20° C.)
Viscosity 0.00593 poise (20° C.)
Vapor pressure 94 mm, Hg. (20°C.)
Specific heat (vapor) 0.39 cal./g. (77°C.)
Latent heat of cvaporation 262.8 cal./g. at B.P.
Heat of fusion 23.6 cal./g.
Heat of combustion 170.9 kg. cal./mol.
Flash-point 9.5° C.
Dielectric constant 31.2 (20°C.)
Purity 99.8%, to 1009, methy! alcohol
Acidity Not more than 0.019, calcu-
lated as formic acid
Color Water-white
Distillation range
Below 64° C. None
Above 66° C. None
Critical pressure 78.7 atm,
Critical temperature 240° C.
Average coefficient
of cubical expansion 0.0012 from 0° C, to 61° C.
Vapor pressure
0°C. 29.6 mm. Hg.
at 20° C. 96.0 mm. Hg.
40° C. 260.5 mm. Hg.
60° C. 625.0 mm. Hg.
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METHYL ALCOHOL.
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ETHYL LACTATE

BENZENE METHYL ALCOMOL,

Fioure 74 Solubility of Low-Viscosity
Cellulose Acctate i Mixtures of Benzene,
Ethyl Lactate and Methanol.?

Ethyl alcohol (C.I1;011, Cologne spirits, grain alcohol, ethanol, alco-
hol) is a colorless, inflammable, volatile liquid. It is the oldest solvent,
second only to water. It has been used by man since the dawn of civi-

lization to synthesize new hehavior.

Its use in this connection is to

dissolve away gloom and despair, two constituents incompatible with
happiness. Tt is made by the fermentation ol sugar, or converted starch,
or cellulose. Today it is made synthetically. Ithyl alcohol is miscible
in all proportions with water and most organic solvents and substances
such as castor and croton oils, and is a solvent for a wide range of
substances. Since the introduction of anhydrous cthanol it has become
even more versatile in its uses owing to its increased solvency. The
anhydrous form will completely dissolve gums and resins such as dam-
mar, elemi, kauri, manila, mastic, pontianac, rosin, sandarac, shellac,
and such synthetic resins as ketone-resins, ketone-aldehyde resins, phe-
nol-aldehyde resins, and aldehyde resins, cellulose ethers, alcohol-soluble
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TaBLE 70.—Some of the Many Uses for Alcohols

Acetaldehyde
Acetanilide
Acetic ether
Acetphenetidin
Aconite
Adeps lanae

Ale

Alkalou‘ls and alkaloidal salts
loin

Ammunition

Analytical work

Antxpyrme

Apoc;

Arabinose

Arbutin

Arsphenamine

Artificial feathers

Artificial flowers

Asclepiadin

Aspinn (acetylsalicylic acid)

Atophan

Avenin

Barometer and thermometer

tubes

Benzaldehyde

Benzidine

Benzoic acid

Benzoin

Benzene |

Benzol cyanide

B-naphthol

B-naphthol benzoate

-naphthol salicylate

illiard and pocket balls
(composition)

Bluing (laundry)

Bottle caps

Brushes

Camphor (synthetic)

Caustic potash X

Celluloid scrap (reworking)

Cements

Chelonin

Chloral hydrate

Chloroform

Cimicifugin

Cinchophen

Citronellol

Cocoa butter

Collodion

Collodion corn remedy

Colors and bronze powders

Compasses

Concentrations (non-liquid)

Confectioners’ colors

Coumarin

Creosote carbonate

Cutlery

Dandelion

Dental alloy

Deodorants and substances of a
similar nature

Dextrin

Dextros

Diethylaniline

Digestive ferments

Digitalis

Dimethylglyoxime

Dinitrotoluene

Disinfectant germicide

Door checks

Dyeing feathers

Dyes for industrial purposes

Dyestuffs

Embalming fluid

Enamel

Fosine,

Essential oil orris

Ether

Ethyl acetate

Ethyl aniline

Ethyl benzoate

Ethyl bromide
Ethyl butyrate
Ethyl chloride
Ethyl levulinate
Ethyl propionate
Extracting glycerin from dis-
tillery s op,
Extracting vitamins from cod-
liver o1l
Felt base floor covering
Pertilizers
Pilaments for incandescent
lamps
Pireworks
Foot powder
Formaldazone
Formaldehyde
Formijc ether
Fulminate of mercury
PFungicides
Gaduol
Galactose
Gallocyanine
Gas mantles
Gelatin capsules
Gentian (solid extract)
Geraniol
Glass
Glass enamel
ue
Glycerophosphates
Guaiacol
Guaiacol carbonate
Gum and pyroxylin solutions
ats
Hehotropin
Hexachlorobenzene
Hydrastis (alkaloid of)
Imitation 1vory goods
Imitation leather
Incense
Inks
Insecticides
Insulin
Inulin
Iriscin
Isinglass
Jalapin (non-liquid concentra-
tions of
apans
ewelry
acquers
Lacquer thinners and solvents
Lacquer substitutes
Levulose
Leather goods finish
Leather substitutes
Liquor cresohis compositus
Lysol
Maltose
Mandrake (powdered and solid
extract of)
Mannite
Mannose
Melibiose
Metol
Mica insulators
irrors
Monobromated camphor
Moth repellant
Motor fuel
Moldmgs and picture frames
Mucilag
Nxtrocellulose (solution and sol-
vent o
Nitrosobetanaphthol
Nonscatterable glass
QOils, greases, lubricants and
soluble thread-cutting oils
Oleoresins
Optical goods
Orthotoluolsulfamid
Paints

Paper

Paper-testing compound

Para

Paramidophenol

Paste

Pastes and varnishes from sol-
uble cotton

Patent leather

Pencils

Pepsin and similar products

~rEurpeLb3ses (synthetlc)

henyl-cinc] Lnommc acid

hotographic dry plates

hotographic engravings

otographic films

Phytofacm (concentration of)

Pipe-cleaning preparations

Plumbing material

Podophyllin resin and similar
products

Polish preparations for metals
and furniture

Postal-card colors

Potassium cyanate

Potassium hydroxide

Powder compact

Powdered drugs and extracts

Print paper and enlargements

Pyroxylin cements

Pyroxylin and gum solutions
ffinose

Recrystallization and purnifica-
tion purposes

Refining mineral oils

Reﬁmn% precious metals

Resin of scammony

Resins

Resorcin

Rhamnose

Rhodinol

Rouge compact

Saccharine

Saccharose

Salicylic acid

Salicylic aldehyde

Salol

Salophen

Santonin

Saponin

Shampoo (jelly)

Shampoo (liquid)

Shellac

Shellac thinner

Shellac varnish

Shoe polish

Silk fabrics

Silverware and bronze

Smokeless powder

Soap (hquid)

boap (transparent)

Sodium benzoate

Soldering flux

Solid extracts

Solidified alcohol

Solution and solvent mitro-
cellulose

Solution for aniline spirits and
varnishes

Solvent purposes

Sorbit

Stains

Stanolind

Stencil inks

Stencil paper

Sterilizing solution for corks

Strychnine

Sulfonic acid

Surgical ligatures

ynthetic mustard o1l

Synthetic perfume bases

Tannic acid

'U"U"U'ﬁ"!:”ﬂ
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TABLE 70.—Some of the Many Uses for Alcohols—(Continued)

Terpin hydrate Trehalose ‘Waterproof fiber signs
Textile cleansing soap Trinitrotoluene Wax (prepared)
Theobromine Trioxyaline Wood filter
Thermometer and hydrometer Tuberculin (purified) Wood finish
Thermostatic devices Uric acid Wool fat
Tinfoil Varnish remover Xylose .
‘Tobacco Vegetable colors ) For all purposes for which an-
Toluidine Viburnum (concentration) other formula is not specifically
Transparent paper Washing lenses authorized
Transparent soap for water- Watches
proofing cement Water colors
1000
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600 /
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FiGure 75. Vapor Pressure of Ethyl Alcohol and Methanol at Various
Temperatures.?



208 INDUSTRIAL SOLVENTS

nitrocellulose, camphor and so forth. By adding an aromatic hydro-
carbon or an ester-solvent to the mixture, solvent power is imparted
for an even larger number of resins and cellulose cthers.

Completely denatured alcohol is ethyl alcohol made unfit for beverage
purposes. This is brought about by adding certain denaturants pre-
scribed by the Burecau of Internal Revenue. Specially denatured alcohol
is also unfit for a beverage but has a specific industrial use. Completely
denatured alcohol contains such compounds as methyl alcohol, isopropyl
alcohol, alpha terpineol, gasoline, or such specially prepared denaturants
as Aldehol, Denatol, Calorite, Pontol, Tecsal.

Ethyl alcohol is so universal a solvent that there hardly remains
one industry in which it is not used. Some of its uses are as a vehicle
for perfumes, in flavoring extracts, cosmetics, drugs, tinctures, elixirs and
so forth. It is cxtensively used in a large number of processes such as
extraction, purification, crystallization and so forth. It is an ingredient in
soaps, cleaning solutions, emulsions, antifrecze mixtures, lacquers, var-
nishes, enamels, stains, celluloid, cements, plastics, photographic films, col-
lodion, rayon, smokeless powder, in ester formation, etc. In rescarch and
analytic work only pure absolute cthyl alcohol is used.

POUNDS PER GALLON
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TABLE 71.—Scale for Determining the Fractional Wine or Proof Gallons
of Alcohol (U.S.P. 190° Proof)s

Wine Proof Wine Proof Wine Proof
Ounces Gallon Gallon Ounces Gallon Gallon Ounces Gallon Gallon
1 .008 015 44 344 .65 87 .680 129
2 .016 .03 45 352 67 88 .688 131
3 023 045 46 359 .68 89 695 1.32
4 .031 .06 47 367 .69 90 .703 1.34
5 039 075 48 375 .71(3 Pts) 91 J11 1.35
6 0 f 49 .38, 73 92 J19 1.37
7 055 103 50 391 74 93 727 1.38
8 12 51 .398 .76 94 735 1.40
9 070 133 52 406 a7 95 742 1.41
10 078 15 53 414 79 926 750 1.425(3 Qts.)
11 086 163 54 422 .80 97 .758 1.44
12 094 18 55 .430 .82 98 .766 1.46
13 102 192 56 438 .83 99 773 147
14 .109 21 57 445 .85 100 781 1.48
15 A17 222 58 453 .86 101 .789 150
16 125 .24(1 Pt.) 59 461 .88 102 797 1.51
17 133 25 60 469 .89 103 .805 1.53
18 141 27 61 477 91 104 812 1.54
19 148 .28 52 .484 92 105 .820 1.56
20 156 .30 63 492 94 6 .829 1.57
21 164 31 64 S 95(2 Qts.) 107 .836 1.59
22 A71 .33 65 .508 .96 108 .844 1.60
23 .180 34 66 516 .98 109 .852 1.62
24 .188 .36 67 523 99 110 .859 1.63
25 195 37 68 531 1.01 111 867 1.65
26 203 .39 69 .539 1.02 112 875 1.66(7 Pts.)
27 211 40 70 547 104 113 .883 1.68
28 219 42 71 .555 1.05 114 .891 1.69
29 227 43 72 562 1.07 115 .898 1.71
30 234 44 73 570 1.08 116 906 1.72
31 242 .46 74 578 1.10 117 914 1.74
32 .250 .475(1 Qt.) 75 .586 1.11 118 922 1.75
33 .258 .49 6 594 1.13 119 930 1.77
34 .265 .50 77 .602 1.14 120 937 1.78
35 273 .52 78 609 1.16 121 945 1.80
36 281 53 79 617 1.17 122 953 181
37 289 .55 80 625 1.19(5 Pts.) 123 961 1.825
38 297 56 81 633 1.20 124 969 1.84
39 305 58 82 641 122 125 977 1.855
40 312 59 83 648 1.23 126 984 1.87
41 320 61 84 656 1.25 127 2992 1.885
42 328 .62 85 664 1.26 128 1.0 1.9(1 Gal.)
43 336 .64 86 672 1.28
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Molecular weight
Boiling point
Freezing point

Specific gravity

Weight per gallon
Refractive index
Surface tension
Viscosity

Vapor pressure
Specific heat

Flash-point
(A. S. T. M. open cup)

Heat of combustion
Heat of fusion

Latent heat of evaporation
Electrical conductivity

Explosive limits in air

Apparent ignition
temperature in air

{

Properties of Ethyl Alcohol

Absolute
46.05
78.4°C.
- 114.4°C.

20° C.
0.7904 20°C.
6.60 1b. (20° C.)
1.3633 (15°C.)
22.3 dynes/cm. (20° C.)
0.0122 poise (20° C.)
43.6 mm, Hg. (20° C.)
0.581 cal./g. (25° C.)

18.3°C. (65°F.)
328 kg. cal./mole
249 cal./g.

204 cal./g. at B.P.
368 B.t.u./lb.

95%

78.2°C.

20° C.
0.8075 20°C,
6.73 1b.(20° C.)
1.3651 (15° C.)
22.8 dyncs/cm. (20° C.)
00141 poise (20°C.)
43.0 mm. Hg. (20° C.)
0.618 cal./g. (23°C.)

14°C. (57°F.)

1.35 x 10~° recip. ohms (25° C.)

3.7%-13.7%

371°-427° C. (700°-800° F.)

399°-432° C. (750°-810° F.)
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Properties of Ethyl Alcohol--(Continued)

Absolute, U.S.P.

Complies with all specifications of U.S.P. X. and
also the following supplemental specifications

Acidity:

Free acid as acetic, not more than
0.0015 gm. per 100 cc.

Color:

Water-white

Corrosion:
Does not show rust on bright drum
steel within 48 hours.
Non-volatile matter:

Not more than 00025 gm. per

100 cc.
Odor:
Free from foreign odors when tested
at high or low proof.
Purity:

Not less than 99.87 Y}, cthylalcohol
by volume.

Reducing substances:

Not less than 25 minutes per-
manganate time.

Specific gravity:

15 6° C.
Not more than 0.7944 BEC

Boiling point:
78.4° C.

Cocficient of expansion:
Per 1° F. 0.00063
Per 1° C. 0.00113
Flash-point:
57° F. (approx.)

Water Solubility:

In all proportions and without
turbidity.

Chemically Pure, 96%,

Free acid as acetic, not morc than
00014 gm. per 100 cc.

Water-white

Does not show rust on bright drum
steel within 72 hours.

Not more than 0.0025 gm. per
100 cc.

Free from foreign odors when
tested at high or low proof.

Not less than 969, ethyl alcohol
by volume

Not less than 45 minutes per-
manganate time.

15 6° C.
Not more than 0.8121 w6

78.2° C.

0.00061
0.00110

62° F. (approx.)

In all proportions and without
turbidity
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1n-Propyl Alcohol

n-Propyl alecohol (CH,;CHCIILOII, propanol) is a colorless, inflam-
mable, volatile liquid. It occurs in fusel oil from which it is isolated and
purified. Generally, it has about the same solvent properties as ethyl alco-
hol with the added featurc of having a higher boiling point, and is there-
fore less likely to causc chilling. The commercial grade which consists of
the lighter boiling fractions of fusel oil, varies in composition and physical
properties and consequently in solvent power. It is a solvent for oils
like castor, croton, linseed and so forth, for natural resins like soft copals,
rosin, shellac and a number of synthetic resins. It is similar to ethyl alco-
hol in its solvency for cellulose ethers and esters. A number of binary
solvent mixtures have been proposed and these are composed of propyl
alcohol and isopropyl acetate, or ethylene chlorbromide, or benzyl acetate,
or methyl alcohol, or some of the higher alcohols.

TABLE 72.—Alcohols as Washing Media for Precipitatest

Amount Ethanol 2-Fropanol
Constituent Present — Found Found.
Determined Gram <% Gram % Gram

Pb as PbSO, 02051 95 0 2046 91 0.2044

0.2044 0 2046

0 2044 0 2046

Av. 0 2044 Av. 0.2045
Mg as MgNH,PO, 0.02433 95 0.02426 91 002423
0 002425 0.02425
0,02424 0.02424
Av. 002425 Av. 002424
CNS as AgCNS 0.07686 95 0.07632 91 0.07667
0.07654 0.07663
0.07667 0.07667
Av. 0.0765 Av. 0.07666
Cr as BaCrOy 002689 50 0.02662 50 0.02666
0.02660 002670
0.02656 Av. 0.02668

Av. 0.02659

Cd as Cd,1.0; 0.1028 60 0.1077 60 0.1066

0.1074 0.1065

0.1069 0.1071

Av. 0.1073 Av. 0.1067

Cu as CuCNS 0.1730 20 0.1724 20 0.1719

0.1717 0.1722

0.1721 0.1721

Av. 0.1721 Av. 0.1721

Cd as CANH,PO+H.0O 0.1079 95 0.1076 91 0.1077

0.1078 0.1082

0.1076 0.1079

Av. 0.1077 Av. 0.1079
Na as sodium zinc 0.00200 95 0.00197 91s 0.00195
uranyl acetate 0.00200 0.00196
0.00196 0.00192
Av. 0.00198 Av. 0.00194

@ Alcohol used for washing was saturated with the precipitate,
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TABLE 72.—Alcohols as Washing Media for Precipitates’—(Continued)

Amount Ethanol 2-Propanol
Constituent Present —Found —_ Foun
Determined Gram % Gram % Gram
Na as sodium mag- 0.0100 95 0.0100 91 0.00987
nesium uranyl 0.0101 0.00988
acetate 0.0100 0.00988
Av. 0.0100 Av. 0.00988
91a 0.00987
0.00991
0.00995
Av. 0.00991
71 as ZnNIH, PO, 0.1168 50 0.1169 50 0.1168
0.1166 0.1165
01171 0.1169
Av. 01169 Av. 0.1167
71 as ZnNH,PO, 0.1123 65 01121 [ 0.1122
& 0.1120 & 0.1119
95 0.1121 91 01119
Av. 0.1121 Av. 0.1120
Cu as copper pyridino- 0.0602 70 0.06037 70 0.06017
thiocyanate & 005994 & 0.06060
95 0.05981 91 0.06062
Av. 0 0600 Av. 00605
Ca as CaCy0O4 H,0 0.1343 95 01354 91 01358
01354 0.1359
0.1356 0.1362
Av. 01355 Av. 0.1360
Ba as BaSO, 0.1408 95 01414 91 0.1415
0.1405 0.1408
0.1411 01414
Av. 0.1410 Av. 0.1412
Ni as nickel dimethy] 0.0552 95 0.05535 91 005515
glyoxime 0.05523 0.05535
0.05537 0.05525
Av. 00553 Av. 0.0553
Clas AgCl 0.0998 95 0.1000 91 0.0995
00997 0.1000
0.1000 0.1001
Av. 0.0999 Av. 0.0999
@ Alcohol used for washing was saturated with the precipitate
Isopropyl Alcohol
CHg\

Isopropyl alcohol CIHOH (isopropanol, secondary propyl alcohol,
CH
Per-spirit, Petrohol, Avantine) is a water-white, stable liquid with an odor
similar to that of ethyl alcohol. It is obtained from fusel oil and is also
made synthetically by the reduction of acetone and by the sulfonation and
subsequent hydrolysis of propylene. In chemical properties is resembles
n-propyl alcohol but it is not as stable. It will dissolve essential and other
oils, alkaloids, gums, shellac, sandarac, rosin, mastic, copals, some syn-
thetic resins and many organic and inorganic compounds. Like other
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alcohols, it possesses latent solvent power for ccllulose derivatives.  When
it is admixed with true solvents it enhances their solvency. It has the
virtuce of being anhydrous which aids in preventing water-blush. Isopro-
panol is used as a substitute for ethyl alcohol, and like it, has germicidal
and distinfectant propertics. It is used in liniments, skin lotions, cos-
metics, creams, pharmaceuticals, mouth washes, hair tonics and so forth.
It should not be taken internally owing to its toxic nature. Other uscs
are as a solvent in perfumes, in lacquers, in extraction processes and as a
preservative and dehydrating agent.

TAsLE 73.—Speaific Gravity of Isopropyl Alcohol-Water Mixtures at 20/4e

Wt. % Vol. % Sp. Gr. Wt. % Vol. % Sp. Gr. Wt. % Vol. % Sp Gr.
0 0 .9983 34 411 9441 68 745 .8633
1 1.3 .9963 35 42 2 9420 69 754 .8610
2 25 .9945 36 43 3 9400 70 763 .8585
3 3.8 9927 37 44 .4 9378 71 77.2 8561
4 50 9910 38 45.5 9356 72 77.9 .8538
5 62 .9894 39 46.6 9344 73 78.8 8514
6 7.5 9878 40 47.7 9311 74 797 .8490
7 8.7 9863 41 48.7 19288 75 80.5 .8465
8 9.9 9848 42 49.7 9265 76 81.4 .8440
9 10 9834 43 50.7 19240 77 82.3 .8416

10 124 0821 44 516 9216 78 83.1 8392
1" 135 9809 45 52.6 9192 79 839 .8367
12 14.8 .9798 46 53.6 9166 80 84.9 .8343
13 16.0 9787 47 54.7 9142 81 85.7 8318
14 17.2 9777 48 55.6 9118 82 86.4 .8203
15 184 9766 49 56 6 9094 83 87.2 .8269
16 19.7 9755 50 57.6 9070 84 87.9 8244
17 208 9744 51 58.6 9045 85 88.2 .8220
18 220 9732 52 595 19021 86 895 .8195
19 23.2 9718 53 60 4 .8997 87 90.3 8170
20 240 9704 54 61 4 .8972 88 91.1 8146
21 25.7 .9669 55 624 .8947 89 918 8121
22 27.0 9670 56 63.3 .8922 920 92.6 .8097
23 282 19652 57 64.4 .8897 91 933 .8073
24 29.4 9635 58 65.2 .8875 82 94.1 .8048
25 30.5 9616 50 66 2 .8851 93 94.7 .8024
26 31.8 9598 60 672 .8826 94 95.5 .7999
27 33.0 0578 61 68 1 .8801 95 96.3 7974
28 34.3 9559 62 690 8777 926 97.0 .7950
29 354 9541 63 69 9 8752 97 97.7 7926
30 367 0521 64 708 8728 98 08 4 7902
31 37.8 9501 65 7.7 8703 99 99 2 7878
32 38.9 9482 66 726 .8680 100 1000 7855
33 40.0 9461 67 73.5 .8657

Tempcerature Correction:* Change in Sp. Gr. por degree Centigrade

Strength Streng
Alcohol (%) Correction Alcohol (%) Correction
10 .00019 60 .00078
20 .00042 70 00079
30 .00059 80 .00080
40 .00068 920 .00080
50 .00074 100 .00080

*These data from Lebo, R, B., J. Am Chem. Soc., 43, 1005 (1921).
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Properties of Isopropyl Alcohol Anhydrous 91% (88% by wt.)
Molecular weight 60.06
Boiling point 82.4°C, 80.4° C.
Freezing point — 85. 8°2%3 c 20°C
. . X 0°C.
Specific gravity 0.7874 20°C. 0.8158 °C.
Weight per gallon 6561b (20°C.) 6.82 1b. (20°C.)
Refractive index 1.3776 (20° C.) 1.3769 (20° C.)
Surface tension 21.7 dynes/cm. (20° C.)
Viscosity 0.0215 poise (24.4° C.) 0.0227 poise (24 4° C.)
Vapor pressure 31.6 mm. Hg. (20° C.) 35 mm. Hg. (20
Specific heat 0.677 cal./g. (30° C.) 0 740 cal. /g (30 C )
Flash-point 14.5°C. (58.1°F.) 16.7° C. (62° F.)
Heat of combustion 475 kg. cal./mole
Heat of fusion 21.4 cal./g.
Latent heat of evaporation 159.4 cal./g. at B P.
Electrical conductivity 35 X 107 recip. ohms (25° C.)
TABLE 74.—Mixtures of Isopropyl Alcohol and Acetonet*
Heat of Mixing Refract. " Total Vapor
Isopropy! Al. cal. per mol. Density Indext Pressure Visc.
% by Wt. of mixture 20° C. 25°C. na?% 25° C. 25° C.
0 — .7855 1.3555 226.5 .00308
15.65 - 190 7832 1.3578 — .00347
16.56 - 196 .7831 1.3579 221.6 .00349
30.00 - 316 7818 1.3604 — .00389
30.89 - 320 7816 1.3605 — .00395
46.34 - 362 .7805 1.3634 -— .00486
49.72 -- 388 (max.) .7806 1.3641 167.2 .00507
49.85 - 385 7807 1.3641 -—_ .00513
66.90 — 343 .7801 1.3672 139.6 .00703
67.41 - 357 — — — —
67.61 - 338 —_ — - —_
81.70 - 236 7804 1.3708 - 01071
85.37 - 197 .7805 1.3711 — 01187
100.00 —_ 7813 1.3743 443 .02020
Mixtures of Isopropyl Alcohol and Ethyl Alcohol}
Viscosity % EtOH in
% Ethyl Alcohol 747 25° C. Vapor at 25° G,
0 1.3750 .02048 0
17.23 1.3721 01796 21.4
33.60 1.3697 01607 41.2
49.87 1.3675 .01445 59.3
66.89 1.3646 .01299 735
83.61 1.3622 01182 87.5
100.00 1.3595 .01080 100.

*Parks and Chaffee, J. Phys. Chem , 31, 439 (1927).

tFor values of n¢?? see Palmer, Analysl 45, 302 (1930).

zV|scosmes 25° C. l
Refractive Indexes ; Parks and Kelley, J. Phys. Chem., 29, 727 (1925).
Vapor Composmon’

TABLE 75.—Mixtures of 1sopropyl Alcohol with Aldchydest*

——Isopropyl Alcohol and Acetaldehyde—— ~———TIsopropy! Alcohol and Heptaldehyde———
% Aldehyde 748 % Aldehyde ngd % Aldehyde 7 % Aldehyde ng®
0 138516 70.6 1.36864 0 1.36994 62.6 1.39945
133 138391 74 2 1.36552 11.7 1.38113 69.8 1.40350
33.6 1.38247 81.0 1.36044 17.2 1.38381 80.6 1.40577
42.6 1 38008 92.1 1.35193 20.0 1.38640 89.4 1.40765
52.6 1 37640 95 8 1.34941 40.0 1.39318 91.9 1.40835
64.4 1.37218 100. 1.34445 50.4 1.39699 100. 1.40884

Isoprcv?yl alcohol does not appear to form compounds (hemiacetals) with the above aldehydes, as
does ethyl alcohol.
*Adkins, H., and Broderick, A. E., J. Am. Chem. Soc., 50, 499 (1928).
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TaBLE 76.—Comparative Solubilities in Isopropyl and Ethyl Alcoholst*

Ouls

Almond

Ambrette seed

Anise

Bay

Bergamot

Bergamot, terpeneless
Cajuput

Cananga

Caraway
Cardamoms

Cassin

Cedarwood

Celery

Cinnamon bark
Cinnamon lecaf
Citronclla, Ceylon
Citronella, Java
Clove

Cognac

Coriander

Dill

Eucalyptus

Fennel

Geramum, African
Gingergrass

Juniper

Lavender, French
Lavender, terpencless
Lavender, spike, Fr.
Lemon

Lemon, terpeneless
Lemongrass

Limes, Dist.

Lignaloe

Neroli, Bigarad.
Nutmeg

Orange, bitter
QOrange, bitter, terpencless
Orange, swect
Orange, sweet, terpencless
Orris, concrete

Otto Rose, (filtered)
Palmarosa

Patchouli

Pepper

Peppermint, Amer.
Peppermint, Jap.
Petitgrain

Petitgrain, terpeneless
Pimento

Pine, sylvest

Rose, Femelle
Rosemary, Fr.
Rosemary, Fr., terpeneless
Rue

Sage

Sage, Sclaree

Sandal, E. I.
Sassafras
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50.0
2000
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110.0

50.0
220.0
100.0

50.0
210.0
180.0

90 0
170.0

ol

Ethyl
alcohol
45%

22.0

250.0
200.0
400.0
180.0
190.0
500 0
195.0

80.0
150.0
500.0

92.0
100 0
200.0
165.0

80.0
225.0
200.0
100.0
210.0
200.0
200.0
125.0
210.0
100.0

90.0
150 0
200.0
170 0

85.0

750
100.0
100.0
130.0
150.0
210.0
210.0
250.0
250.0
100 0
5000

150.0
180.0
1000
150.0

500
100 0
100.0
100.0
120.0
100.0

160.0
200.0
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TaBLE 76.— Comparative Solubilities in Isopropyl and Ethyl Alcohols*—(Continued)

Tso-

Tso- Ethy! Prf)o vl Ethyl
Propyl alcohol alcol})lol alcohol
Oils alcohol 90% 50 % 45%

Spearmint 1.8 1.0 — —
Thyme, rouge All 10 100.0 200.0

Vetivert 20 2.0 — —
Ylang turbid 075 40.0 100 0

*The indication is for one Eart by weight or volume of substance in the stated figures which are the
solvent, e. g.,amise 1in 5. Blank=1less than 1 1n 1000. *‘All"" =1n at least 0.1 of its own weight or volume.
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TABLE 77.—Solubilities of Synthetic Perfume Matcrials in Ethyl and

Acetic ether
Acetophenone
Amyl acetate
Amyl alcohol
Amyl valer.
Anethol

Anisic ald.
Benzaldehyde
Benzyl acct.
Benzyl alc.
Benzyl benz.
Benzyl butyrate
Benzyl formate
Benzyl valer.
Benzylidenc acetone
Bornyl acet.
Bromstyrol
Butyl acet.
Cinnamic alc.
Citral

Citronellal
Catroncllol
Citronellyl acct.
Coumarin

Ethyl cinnamate
Eugenol

Formic ether
Geraniol

Geranyl acet.
Geranyl butyrate
Heliotropin
Tonone

Tonone alpha
Iso-eugenol
Iso-butyl acetate
Jasmin art.
Linalol

Linalyl acet.
Linalyl butyrate
Methyl acetophenonc
Methyl anisate
Methyl] anthranilate
Methyl benzoate
Methyl salicyl.
Mirbane

Musk ambrette
Musk xylol
Neroli art.
Nerolin
Oenanthic ether
Phenyl acetic acid
Phenyl acetic ald.
Phenyl ethyl alc.
Phenyl oxide
Phenyl propyl alc.
Rhodinol

Safrol

Salicyl amyl.
Styrolyl valer.

ALCOHOLS
Isopropyl Alcohols$*
Iso- Ethyl
Proiyl alcohol
alcohol 20%
All All
All All
All All
All All
All All
1.0 2.0
All All
1.4 1.0
Al 10
1.0 10
2.0 2.0
All All
All All
All All
0.2 0.25
All All
20 5.0
All All
All All
1.8 1.0
28 1.0
All 10
All All
50 6.0
All All
1.2 All
All All
All 1.0
All All
All All
0.3 25
All All
All All
All Al
All All
10 All
20 1.0
All 1.0
All All
All 1.0
1.5 2.0
7.5 5.0
1.0 Al
All 10
All All
55.0 100.0
200.0 250.0
3.0 2.0
50.0 50.0
Al All
0.8 0.75
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All All
2.0 5.0
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5.0 10.0
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TaBLE 77.—Solubilities of Synthetic Perfume Materials in Ethyl and
Isopropyl Alcoholst*—(Continued)
Iso-

Tso- Ethyl Propyl Ethyl
Pro;ﬁyl alcohol alcohol alcohol
alcohol 90%, 50% 45%
Terpincol All 1.0 100 30.0
Terpinyl acet. All 10 — —
Terpinyl prop. All All 100 0 110.0
Vamllin 1.25 2.5 5.0 10.0

#*The foregoing table of solubilities has been taken from Perfumery and Essential Oil Record (December,
1925).
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Isopropyl Acetate

Ficure 92,

Solubility of 3-scc. Nitrocellulose.*

Isopropyl Toluene
cohol

Ficure 93.

Evaporation Rate of Various
Acetates at Room Tempera-
ture.*

Time

Isopropyl Aleohol

FiGure 94,
Miscibility of Isopropyl Alco-

hol, 95% Ethyl Alcohol and Gaso- %,
" ( 15 %
ine d—1—50.7231>. (Plotted from %
4
Rothen and Bentier, Chemie et °v°,
Industrie, Spec. No. 733 (1923). VAVAVAVAY ) °°a
AVAVAVAY = -
VAVAVAVAY 2= - A
asolene

95% Ethyl 50 40 30 20 [0
Alcohol % Ethyl Alcohol
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F1GUure 95.

Evaporation Rates:
A=75 Benzene, 25 Isopropyl

Alcohol

B=48 Toluene, 52 Isopropyl
Alcohol

Constant Evaporating Mix-
tures.’

Room Temperature.

Time
18 T T T T T T
e[~ .
End -
o F -1
°
° F1Ggure 96.
e 3
% N 3 Viscosity of Shellac Solu-
g < .
2 K > tions at Room Temperature.®
ad - g ]
z 4 y,
6 -
4 .
2 -
0 1 1 I | ]
o f (3 3 4+ 5 6 7

Pounds Shellac per Gallon Alcshol

n-Butyl Alcohol

n-Butyl alcohol (CH;CH.CH:CH,OH, Butanol) is a water-white,
combustible but not inflammable liquid. The butanols are medium-boiling
alcohols and the normal derivative is of special interest since it serves as
the basis for making butyl esters. The bulk of commercial butyl alcohol
is made by sclective fermentation processes. The crude distillate contains
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acetone, small amounts of ethyl, n-amyl, and n-hexyl alcohols and esters
of acetic, butyric, caprylic and caproic acids. Butanol is also made syn-
thetically from acetaldehyde or ethyl alcohol. Normal butyl alcohol is
miscible with most organic solvents and is used as a blending medium for
many immiscible liquids, It is a solvent for alkaloids, camphor, capsicum,
resorcinol, dyes, oils, gums and waxes; natural resins like congo, dammar,
elemi, kauri, manila, sandarac and shellac; synthetic resins like ester gum,
ketone-aldehydes, resins, urca-aldehyde resins, benzyl abietate and metallic
soaps; and it posscsses latent solvent properties for nitrocellulose. When
it is mixed with aromatic hydrocarbons, or chlorinated hydrocarbons, or
alkyl acctates, butyl alcohol will dissolve many of the cellulose esters and
ethers.

It is also used as an adjunct with active solvents in order to enhance
their solvent properties. A large quantity of butanol is used as a “medium
boiler” in the manufacture of pyroxylin lacquers owing to its solvency,
its power to impart flow, gloss, blush prevention and lower viscosity. It
is also used in the varnish industry, as a general solvent, as a dehydrating
agent, in butyl ester manufacture, and as a Dblending agent for incom-
patible material such as liquids, gums and resins. In the solution of syn-
thetic resins or oleoresins butanol is especially valuable because it imparts
good leveling qualities, reduces viscosity, prevents blushing and improves
flow and working qualitics. It is also used as a detergent, defrother, pene-
trant and denaturant; in film production, motor fuel, printing inks, clean-
ers, polishes, varnish removers, perfumes, dewaxing and so forth.

Lower Aleohol

AVA
(NN
AAAA

AAA Te"‘P- z0°c Miscibility of Certain Lower Alco-

”AAA'VA hols with Water and Butyl Alcohol ¢
(Int. Critical Tables III, 412).

,,»wal

L A AVAVA
V \WVAVAVAVAVAY

IF1GURE 97,

Water Bufyl
Alcohol

Molecular weight 74.08
Boiling point 117.7° C.
Freczing point - 89. 8"28 c.
Specific gravity 0. 8108 0
Weight per gallon 6.75 1b. (20° C)
Refractive index 1.3974 (25°C.)

Surface tension 24.6 dynes/cm. (20° C.)
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Viscosity
Specific heat
Flash-point

(A.S. T. M. open cup)
Heat of combustion
Heat of fusion
Latent heat of evaporation
Electrical conductivity
Color

0.0291 poise (20° C.)
0.562 cal./g.

43.9°C. (111° F.)

639 kg. cal./mole.

29.9 cal./g.

141.3 cal./g. at B.P.

3.6 x 107 recip. ohm (26° C.)
Water-white

7
/
A
/

/

(//
/

7Y

id | A 1)
4

PRESSURE 1
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-20 -10 0 10 20

30 40 SO G0 70 80 90 100 110 120130
TEMPERATURE °C.

Ficure 98. Vapor Pressure of Alcohols at Various Temperatures.®
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POUNDS PER GALLON

TEMPERATURE °C

6928 ©B44 6760 6676 6592 6508 6424
=Y
84
8

2

7
66
©
ag)
42
36
30|
24 =
18
12

Of

8300 8200 8100 8000 7900 7800 7700

SPECIFIC GRAVITYz5.C

FFIGurRe 99. Specific Gravity and Weight per Gallon of #- Butyl Alcohol
at Various Temperatures.?

Distillation range

Below 115° C. None
Above 118° C. None
Iron None
Chlorides None

Approximate change
in weight per gallon per °F. 00035 pound

Solubility in water 8.909%, by vol. (25° C.)
Solubility of water

in Butanol 17.129, by vol. (25°C.)
Critical pressure 48.4 atm,
Critical temperature 287°C

Average cocfficient of cubical
expansion (ordinary

temperatures) 0.00095
Diclectric constant 16.1 (25°C.)
Vapor pressure
20.0°C. 5.3 mm. Hg.
100.8° C. 400 mm. Hg.
117.6° C. 760 mm, Hg.
Evaporation rate at 95° F. 5% 25% 509 75% {o 95%
(in minutes) 215 1334 26}4 4415 5914
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Fiure 100. Viscosity of n-Butyl Alcohol at Various Temperatures.?
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TFieure 101. Surface Tension of n-Butyl Alcohol at Various Temperatures.?
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SURFACE TENSION DYNES <:v‘1.2
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FFrcure 102. Surface Tension of Aqueous Solutions (at 25” C.) of n-Butyl Alcohol.?
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»

1
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50 40
PEA CENT OF BUTYL ALCOHOL BY WEIGHT

I'icure 103. Solubility of n-Butyl Alcohol in Water.?
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Figure 104. Solubility of 3-Second R S
Nittocellulose in Mixturcs of Butyl Acetate,
Butyl Alcohol, and Toluenec.2

TA0PROPYL A ETATE

BUTYC ACCOMOL. TOLUENE.

Ficure 106. Solubility of %-Second R S

Nitrocellulose 1n Mixtures of Isopropyl Ace-

tate, Butyl Alcohol, and 'T'oluene.®

CeLLonouve.

S
YAYAYA X/</\/\/{

TIRLRL, .
Vavaras 34\/\//(3;’
\AYAYAY AV TEEN T

M-BuTANOL

Touent

Figure 105. Solubility of 3-Second R.S.
Nitrocellulose 1n Mixtures of “Cellosolve,”
Butyl Alcohol and Toluene.?

AN '\m LE AN <\ \/\
,’/\, . \ A. \/ /\
AR :.\/_vﬂ\/:w- . v

. Arane _'m :

Froure 107. Solubility of 3-Second Nitio-
cellulose (Dry) mn Mixtutes of Butyl “Cel-
losolve,” Butyl Alcohol, and Toluenc.?

TaBLE 80.—Freezing Points and Specific Gravitics of Certain Anti-frecze Solutions!

Percentage (by volume) in water, and freezing points

—10% =~ ——20%
°C

-3 +27 -7 419 —-12 +10 -19 -2 -28 —18

Solution °C. o°op
Denatured alcohol
(90% by vol.) (0 988)

Wood alcohol
(0.987)

Distilled glycerin
(95% by wt.) (1.029)

Ethylene glycol
(1.016)

-2 +29 -6 +21 —11 412 —18

T e %ens v e

(0.968) (0.957) (0943)

=5 +23 -12 +10 =19 -2 —29 —20 —40 - 40

(0.963) (0.952) (0.937)
0 —-26 -15
(1.085) (1.112) (1.140)

=3 +26 -9 +16 -16 +3 —-24 —11 —35 —31

(1.045) (1.058) (1.070)
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Isobutyl Alcohol

CH,\
cuy”
panol 1) is a water-white, inflammable liquid and is found as a constituent
part of fusel oil from which it is obtained by distillation. It is also made
synthetically from butylene

Isobutyl alcohol CHCH.OH (isopropyl carbinol, 2-methyl pro-

Boiling point 107—108° (6]
Flash-point 22°C.
Melting point - 108° C.
Refractive index 1 397
Specific gravity 0.8057

Isobutyl alcohol resembles the normal isomer to some extent in physical
and chemical properties.

Secondary Butyl Alcohol

CHx\
ol
2) is a water-white, inflammable liquid with a choking odor and is made
both from butylene and by the hydrogenation of methyl ethyl ketone.
It is used in the manufacture of secondary butyl esters and ketones and as
a solvent and thinner in lacquers.

Secondary butyl alcohol CHOH (methyl ethyl carbinol, butanol

Acidity Less than 0.0039, as free acetic
Boiling range 95-101° C.
Color Clear white

Dilution ratio with toluene
Dryness

Ester content
Evaporation rate

Initial odor
Residual odor
Residue on evaporation
Specific gravity
Distillation range
Below 95° C.
Above 101° C.
More than 909, distills
over between 97°
and 100° C.

Tertiary Butyl Alcohol

Purity

Specific gravity

Color
Water

Extender with toluene

Complete, standing all volumes
of gasoline without turbidity

Not saponifiable

Slower than isopropyl, slightly
faster than normal butyl
alcohol

Characteristic

None

None

0.805-0.815 (15145° C.)

None
None

Contains more than 999, ter-
tiary butyl algoho]

0.783 = 0.003 2>

25°C.
Water-white
Miscible without turbidity with
19 volumes of 60° Bé. gaso-
line at 20° C.
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Acidity
(free acid as aceticacid) Less than 0 0039,
Distallation range
Below 78° C. None
Above 85° C. None
More than 959, distills
over  betwcen  81°
and 83° C.
Freezing point
(first needle) Above 20° C.

Amyl Alcohols
Fusel Oil

Amy! alcohols (C;H1;OH) include eight isomeric forms. Fusel oil,
obtained as a by-product in the manufacture of ethyl alcohol, is a blend
of a number of amyl alcohols with small amounts of lower alcohols, esters,
furfural, pyridine and so forth. It is an exccllent solvent for resins,
possesses unusual blending properties and imparts flow and gloss to
lacquers. Its output is largely consumed in the manufacture of amyl com-
pounds and in lacquers. The highly refined amyl alcohol is used as an
intermediate and as a laboratory rcagent.

Refined amyl alcohol has the approximate composition of 85 per cent
iso-amyl alcohol and 15 per cent of active amyl alcohol.

Amyl Alcohols
Approximate
Boiling Point

CH,;CH,CHOHCH,CTI,

Secondary amyl alcohol - 116° C.
CH,;CHOHCH,CH,CH,

Secondary amyl alcohol 119° C.
CH,0OHCH(CH,;)CH,CH,

Active amyl alcohol 128°C.
(CH3),CIICH,CH,OH

Isoamyl alcohol.. .. . 131°C.
CH,OHCH,CH,CH,CH,

Normal amyl alcohol . 136° C.

Fusel oil, or fermentation amyl alcohol, and the less pure products
are miscible with aromatic hydrocarbons and oils. These are solvents for
camphor, alkaloids, resins (such as copals, cumar resins, mastic, san-
darac, sheilac) iodine, plosphorus, sulfur, synthetic resins like benzyl
abietate, copal ester, ester gum, glyptol resins, ketone-aldehyde resins,
urea-aldehyde resins and so forth. When fusel oil is used together with
active solvents the mixture will dissolve acetyl and nitrocellulose and
when mixed with benzene or methyl or ethyl acetate the combination will
dissolve many of the cellulose ethers. Amyl alcohols are used in spirit
varnishes, artificial fruit essenccs, dyestuffs, perfume preparations, dye-
ing, textiles, and purification of minerals.

The synthetic amyl alcohols are known as Pentosols. They are com-
posed of a mixture of isomeric amyl alcohols and are made by the chlorina-
tion of the pentane fraction of gasoline. The chlorpentanes are converted
to alcohols by hydrolysis. These alcohols are chemically pure, mild in
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odor, free of moisture and do not possess residual odor. They are used
in lacquer fabrication because they help to blend together gums, oils and
resins, and they impart flow, gloss, polishing qualities and blush resistance.

Peramyl Alcohol

Peramyl alcohol is said to be related to amyl alcohol. It is a colorless
liquid with a boiling range of 90 to 160 °C. and a specific gravity of
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0.883. It is a solvent for a large number of organic compounds such
as oils, waxes, resins, nitrocellulose and so forth. Durrans is of the
opinion that it is a mixture of cyclohexanol, isopropyl alcohol and n-butyl
alcohol.

These alcohols are chemically pure, mild in odor, free of moisture and
do not possess residual odor. They are used in lacquer fabrication because
they help to blend together gums, oils and resins, and they impart flow,
gloss, polishing qualities and blush resistance.

Methyl Amyl Alcohol

CH.
Methyl amyl alcohol SCHCH,CIIOH (methyl isobutyl carbinol) is
e "

a colorless, stable liquid. It is miscible with most of the commonly used
organic solvents and is a solvent for oils, fats, waxes, resins, camphor,
blown oils, dyes and so forth. It is used as a solvent in lacquers and in
organic synthesis.

Molccular weight 102.11
Boiling point 131.4° C.
Specific gravity 0.8072 -22%%
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Ficure 110. Specific Gravity and Weight per Gallon of Methyl Amyl
Alcohol at Various Temperatures.!
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Weight per gallon
Refractive index
Surface tension
Viscosity
Vapor pressure
Specific heat
Latent heat

of evaporation
Flash-point

(A.S. T.M. open cup)
Solubility in water
Solubility of water

in methyl amyl alcohol
Electrical conductivity
Coefficient of

expansion (per ° C.) {

Octyl Alcohol

3 )
VISCOSITY (POISE X 102)

6.72 1b. (20° C.)

1.4089 (25° C.)

25.1 dynes/cm. (25° C.)
0.0459 poisc (20° C.)
3.52 mm. Hg. (20° C.)
0.654 cal./g. (25°C.)

102.0 cal./g. at B P,

45.6°C. (114°F.)
1.73% by wt. (20° C.)

6.399, by wt. (20° C.)

7 x 108 recip. ohms (25° C.)
0.001000 to 20° C.

0.001038 to 55° C.

Octyl alcohol CH,CH,CH,CH,(I)HCH@H (2-ethyl hexanol, 2-ethyl hexyl

C,Hy

alcohol) is a colorless, viscous liquid.

It is miscible with most organic

solvents and will dissolve a wide variety of raw and blown oils, natural
, dyes, camphor and so forth. Octyl
alcohol and sulfonated octyl alcohol are each used as a slow-evaporating
solvent in lacquers. Other uses are in textile processing such as merceriz-

and synthetic gums and resins, waxes
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at Various Temperatures.*

ing, dyeing, and as penetrants, wetting-agents and surface tension depres-

sants.

Moleccular weight
Boiling point

Specific gravity

Weight per gallon
Refractive index
Surface tension
Viscosity

Vapor pressure
Specific heat

Latent heat
of evaporation

Tlash-point
(A. S. T. M. open cup)
Solubility in water

Solubility of water
in octyl alcohol

Cocfficient of
expansion (per ° C.)

{

130.14
184.6° C.

20° C.
0.8344 0°0.
6.94 1b. (20°C.)
1.4300 (20° C.)
30.0 dynes/em. (22°C.)
00705 poise (25° C.)
0.29 mm. ITg. (20° C.)
0.564 cal./g. (25° C.)

92.8 cal./g. at B.D.

81.0°C. (178°F.)
0.149, by wt. (25°C.)

2.559% by wt. (25° C.)

0.000875 to 20° C.
0.000902 to 55° C.
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2-Ethyl Butanol
2-Ethy! butanol CILCILCHCIH,OH (2-cthyl butyl alcohol, pscudo hexyl

alcohol) is a colorless, stable liquid. It is miscible with most solvents and

C,1T;

will dissolve a large variety of oils, gums, natural and synthetic resins,

waxes, dyes and so forth.

It is used as a solvent and diluent and also

employed in organic synthesis of perfumes, hypnotic drugs (barbituric
acid type) and flavoring materials.

Molecular weight
Boiling point

Specific gravity

Weight per gallon
Refractive index
Surface tension
Viscosity
Vapor pressure
Specific heat
Latent heat

of vaporation
Flash-point

(A.S.T.M. open cup)

POUNDS PER GALLON
6N

102.11
148.9° C.

20° C.
0.8328 0°C.
6.93 1b. (20° C.)
1.4229 (20°C.)
28.05 dynes/cm. (28°C.)
0.0563 poise (20° C.)
1.80 mm. Hg. (20° C.)
0.586 cal /g. (25°C.)

108.9 cal./g. at B.P.
58°C. (137°F.)
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FiGure 116. Specific Gravity and Weight per Gallon of 2-Ethyl Butyl

083 _
SPECIFIC GRAVITY ($5.C.)

Alcohol at Various Temperatures.*



ALCOHOLS 245

Solubility in water

Solubility of water
in 2-ethyl butanol

Coefficient of

expansion (per ° C.)

0439, by wt. (20°C.)

4.56% by wt. (20° C.)
0.000892 to 20° C.
0.000921 to 55° C.
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Frcure 117. Viscosity of 2-Ethyl Butyl Alcohol at Various Tempcratures.®
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Ficure 118. Solubility of % Second
R. S. Nitrocellulose in Mixtures of
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Ficure 119. Solubility of 3 Sec.
R. S. Nitrocellulose in Mixtures of
“Cellosolve” Acetate, 2-Ethyl Bu-
tanol and Toluene.?
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Benzyl Alcohol

Benzyl alcohol (CeH;CH.OH, phenmethylol) is a colorless, high-
boiling liquid of faint odor. Owing to the fact that it is made from
benzyl chloride the impurities will consequently comprise benzaldehyde,
chlortoluene, dibenzyl cther, dibenzyl, benzyl chloride and so forth. Ben-
zyl alcohol is miscible with most cellulose ether solvents, aromatic hydro-
carbons and oils. It will dissolve such substances as methyl, ethyl, and
benzylcellulose, nitro and acetylcellulose, benzyl abietate, copal esters,
cumar resins, ester gum, linoxyl, glyptol resins, mastic, sulfur and so
forth. The addition of an active solvent activates the solvency of benzyl
alcohol. It is widely used as a high-hoiling solvent and plasticizer. [t is
volatile and thercfore does not remain permanently in the film. It is used
to make lacquers which contain mixed cellulose derivatives. Tt is also
employed in film manufacture, paint and varnish removers and as a
medium for grinding and suspending lacquer pigments,

Anhydrous 9279,

Acidity 019, max.

Boiling point 200° C. min,

Boiling range 95%, between 200°-210° C,
Flash-point 96° C.

Residue 19, max.

Refractive index 1.538 1 541

Specific gravity 1050 155

Phenol

Phenol (CelI;OH, carbolic acid) is a white, crystalline solid and is a
solvent for many substances including such materials as cellulose esters
and ethers, casein, rubber and so forth. Its usc is limited to a large extent
by its toxic properties and escharotic nature. This is also true of the
cresols and creosote oils despite their excellent solvent powers.  Some
of the dehydric phenols which have heen proposed as solvents for cellu-
lose esters and ethers are resorcinol, cthylidene-phenol and phlorglucinol.
The polyhydric compounds comprise anisol, phenetol, thymol, benzosol
(benzoylguaiacol), carvacol and eugenol.

Hexahydrophenol

CHr‘*CHa\
Hexahydrophenol CH; CHOH (Anol, Hydralin, Adronol,
\CH,—CH;
cyclohexanol, Hexalin) is a water-white, oily, hygroscopic, slightly toxic
liquid of menthol-like odor. It is a cyclic alcohol made by the catalytic
hydrogenation of phenol. It contains such impurities as hydrogenated
phenol and cyclohexanone. Hexahydrophenol is a solvent for glyptol
resins, alkyd resins, benzyl abietate, cumar resins, ester gum, kauri,
manila, mastic, shellac, metallic soaps, rubber, basic chrome and acid dyes
and oils (vegetable, essential and mineral). Commercial cyclohexanol
will dissolve some types of ccllulose esters and ethers and is miscible with
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most solvents and oils. Since cyclohexanol is a powerful solvent with
stabilizing and homogenizing properties, it has the faculty of converting
cloudy dispersions into clear solutions or good cmulsions. Other uses are
as a blending agent for solutions of nitrocellulose and rubber, and for
lacquers containing cellulose derivatives and resins.

The presence of cyclohexanol in a solvent mixture will increase the
dilution tolerance for coal-tar and petroleum hydrocarbons. Both its
solvency and low volatility promote good and also secondary flow and
homogeneity throughout all stages of drying which consequently results
in flat glossy films. By adding hexahydrophenol to a xylene solution of
alkyd resins the viscosity is reduced, skinning is prevented, and the lead
driers are held in solution. Tt is also added to soaps and detergents to
increase their effectiveness in textile processes. It can be made water-
soluble by mixing with sulfonated higher fatty alcohols, soaps or sulfonated
oils and its presence in tkese solutions will permit mixing with hydrocar-
bons. Hexalin, owing to its stabilizing and homogenizing properties for
emulsions and other solutions, is used in diy-cleaning, textile-cleaning,
laundry and household preparations. [t is also used in making asphalt
emulsions, cutting oils, disinfectant emulsions, degreasing leather, wax
creams and polishes. Cyclohexanol finds application in the preparation
of water-soluble solvents, emulsifying and dispersing agents for oils, fats,
waxes, asphalt, hydrocarbons, dyes, and in printing and dyeing process-
ing for its solvency and penetrating power.

Tts excellent blending qualities and low rate of evaporation make it par-
ticularly suitable for mixing nitrocellulose with resins and drying oils.
The presence of Hexalin in leather lacquers and dopes imparts penetrating
plasticizing and softening qualities. It is also used with success in plastic
and synthetic resins, spirit varnishes, polishes and paint and varnish manu-
facture; as a paint and varnish remover; as a solvent for fats, oils and
waxes in the textile, rubber and polish industries; and as a spotting agent
in natural and synthetic silks.

Methyl Cyclohexanol

CH,—CH —~CH;

Methyl cyclohexanol CHz/ \CII»-O}—I (inethyl Hexalin, hexa-

NcH,—ciy”
hydromethyl phenol, hexahydrocresol, Sextol, methyl adronol, methyl
anol) is a colorless, viscous liquid of an aromatic menthol-like odor
and is a mixture of three isomeric cyclic secondary alcohols made by
the hydrogenation of cresol. This mixture of methylcyclohexanols is
non-explosive and slightly toxic. Its physical properties are very similar
to those of cyclohexanol with the exception of a wider boiling range owing
to the relative amounts of ortho, meta and para compounds. Its dis-
solvent power is somewhat inferior to that of Hexalin. For all practical
purposes, however, these two solvents can be used interchangeably espe-
cially where boiling points are of importance.
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Dihydric Aliphatic Alcohols

Lthylene glycol (ITOCHCLHLOII, glycol, alcohol ethylene) is a
dihydric alcohol which is intermediate between cthyl alcohol and glycerin.

Hz—(lj—}{ Hz-(ll -OH I{zm(l.‘ —0OH

H,—C—-0H H,—C—OH H ——F——OH

ethyl alcohol ethylene glycol H,—C—OH
glycerin

It has one less hydroxyl group than glycerin, the trihydric alcohol, and
one more hydroxyl group than the monohydric ethyl alcohol. It is a color-
less, odorless, hygroscopic, limpid liquid of sweetish taste. It is miscible
in all proportions with water, alcohols, ketones, and so forth. It will dis-
solve dyes and when it is mixed with an active low-boiling solvent it will
dissolve cellulose ethers and esters. It is a solvent for fruit flavors, waxes,
resins, organic chemicals, drugs and so forth. One of the most important
uses for ethylene glycol is in the manufacture of glycol dinitrate which
is used in explosives. Lthylene glycol is used as an antifreeze for auto-
mobiles and motor cooling. Its hygroscopic and solvent properties make
it applicable as a softener in lacquers, in dye pastes, in printing inks, in
wood stains, in glue mixtures, in dyeing of lcather, in textile processing
and for the moistening of tobacco. In combination with silica flour it is
used in making molds for casting. Turther uses are in concentrated fruit
essences, flavorings, extracts, food preparations, canned goods, toilet prep-
arations, food products, electrical insulation compositions, dopes and as a
plastic and colloidant in lacquers. Rae 2 found that by extracting cudbear
with ethylene glycol, he obtained superior tinctorial power. Red saun-
ders, red rose petals, and saffron did not respond with as strong a color
especially when in the presence of water. Henna and madder on the other
hand gave deeper tints in the presence of water. Ethylene glycol can be
used efficiently as an cxtractant for carmine, buttercup and centaurea mon-
tana but cannot be used for the extraction of litmus, alkanet root or
gamboge.

Molecular weight 62 05
Boiling point 197.2° C.
Freezing point - 123°C.
Specific gravity 1.1176 15° C.
' 15° C.
. 15°C.
Weight per gallon 9.31 Ibs. 15°C.

Refractive index { } ig?l(z(gaoc C) )

Surface tension 52.5 dynesfcm. (25° C.)
{0.26 poise (15° C.)

0.21 poise (20° C.)

0.17 poise (25° C.)
Vapor pressure 0.09 mm. Hg. (20° C.)

Viscosity
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Specific heat

Flash-point
Fire point

Heat of combustion
Constant pressure
Constant volume

Apparent ignition
temperature in air

Heat of fusion

Heat of dilution
[C,H((OH). - 2H,0]

ALCOHOLS

Latent heat of cvaporation

Electrical conductivity
Cocfficient of expansion
Solubility

0556 (5.2° C.)

.575 (20° C.
116° C. (240.8° F.)
120° C. (248°F.)

{0.537 (-9.8°C.)

282,200 cal./g. mol.
281.400 cal./g. mol.

417°C. (782.6°TF.)
44.76 cal./g.

0.60 cal./g.

2355 cal./g. (130.6° C.)
282 2 cal./g. (160.3° C.)
210.3 cal./g. (188.4°C.)

1.07 x 10 rccip. ohms (25° C.)
Vt = 1 + 0.0005657¢
Completely miscible with water
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Propylene glycol CiL,CIIOH (trimethyl glycol, methyl glycol, propanc-

CH,OH
diol, methylethylene glycol, 1,2-dihydroxypropane, 1,2-propancdiol) is a
watcr-white, viscous, stable, hygroscopic liquid. It is miscible with water,
alcohols and many organic solvents. It is a solvent for oils, fats, waxcs,
resins, dyes, flavoring extracts and perfumes, and is used as a solvent for
essential oils in aqucous toilet preparations. It is also used as an anti-
freeze, as a hygroscopic agent and as a lubricant in refrigeration machines.

Molecular weight 76.06
Boiling point 187.4° C.
Specific gravity 1.0381 2«0:—(:
20° C.

Weight per gallon 8.64 1h. (20° C.)
Refractive index 1.4293 (27°C.)
Surface tension 40.1 dynes/em. (25° C.)
Viscosity 0 406 poisc (25° C.)
Vapor pressure 0.16 mm. Hg. (20° C.)
Specific heat 0.590 cal./g. (20° C.)
Latent heat of evaporation 168.6 cal./g. at B.P.
Flash-point

(A.S. T. M. open cup) 99° C. (210° F.)
Heat of combustion 431.0 kg.cal./mole.
Solubility in water Complete
Cocfﬁcicglt of cxpansion (0.000695 to 20° C.

(per ° C.) 10.000743 to 55° C.
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Glycerol

Glycerol (CIHL,OIICHOIICH.OH, glycerin) is a clear, colorless,
syrupy, hygroscopic liquid of faint odor and swectish taste. It is a
trihydric alcohol first made by Sheele in 1779 by heating together olive
oil and litharge. The bulk of glycerol is obtained as a by-product in
the saponification of fats and oils. Small quantities are also made by
the selective fermentation of sucrose in the presence of salts, It is
miscible in all proportions with water, alcohols, ketones and glycols,
and will dissolve many organic and inorganic salts, oils, fats, tars, ani-
line dyes and so forth. When it is mixed with alcohol it will dissolve
starch acetate. This trihydric alcohol has weak acidic properties, thus
being able to form salts. Owing to the fact that it is both a primary and
secondary alcohol it will react to form ethers and esters.

Halohydrins
CH,C1 CH,OH CH,C1 ([)I I,0II
CHOH HCl (IDHOH (IJHCI
CH,0OH CH,OH CH,Cl CH,C1

alpha- beta- alpha- beta-
chlorohydrin  chlorohydrin dwhlarohydrm dichlorohydrin
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The important uses for glycerol are in the manufacture of explosives,
as an antiseptic, as a moistening and swectening agent for tobacco and as
an antifreeze.  Its emollient, hygroscopic, penetrating and softening prop-
erties give glycerol wide application in many different processes such as
those in the textile, paper and leather industries, and in such preparations
as cosmetic, toilet and medicinal compounds, in dyes, colors, ink pastes,
glues, soaps, carbon paper, polishes, Cellophane molding compounds, etc.
It is used in soft drinks and hard liquors because it adds “smoothness”
to the drink, and finally as a constituent part in synthetic resins.

TABLE 81.—Anti-Freeze Substances®

Percentageo (by volume) for protection at ° F

t=+410 t=—10 1=—=20 t=—30
Solution % % % % o
Denatured alcoho] 180° proof 30 38 45 51 61
188° proof 29 37 43 49 59
Wood alcohol, 979, 20 28 35 40 45
Glycerin (U. S.P. ), 95% 32 40 47 53 57
Radiator glycerin, 609, 56 70 83 93 100
Ethylene glycol, 95% 25 33 39 45 50
Quantity (pints/gallon of water) for protection at 1° F,
Dcnaturcd alcohol 180° proof 3.4 4.9 6.5 8.3
‘ 188° proof 3.3 4.7 6.0 7.1
Wood alcohol, 979, 2.0 3.1 4.3 5.3
Glycerin (U.S.P.), 959, 3.8 5.3 71 9.0
Radiator glycerin, 609, 100 18.7 39.0 106.5
Ethylene glycol, 959, 2.7 4.0 5.1 6.5
Specific gravity (60°/60°) for protection at 1° F.
Denatured alcohol 0.968 0.959 0.950 0.942 0.921
Wood alcohol 0.975 0.966 0.958 0.952 0945
Glycerin 1.090 1.112 1.131 1.147 1.158
Lthylene glycol 1038 1048 1056 1.064 1.069

Ficure 136.

Freezing Point of
Aqueous Glycerol-
Methanol Solutions.”

VY VN N NN N N NN N
S o 15 20 25 30 35 40 45 50 55 €0 65 70

GLYCEROL—
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TABLE 82.—Tables for Specific Gravity and Per Cent Glycerol®

15.5/15 5°

1.2653
1.2627
1.2602
1.2576
1.2550
1.2524

12418

1.2392
1.2365
1.2339
1.2312
1.2285

1.2259
1.2232

-
—-—
.y
©
=3

-
(=3
[
=

Bparent Speclﬁc Gravity——

° C. 25/25° C.,
1.2636 1.2620
1.2610 1.2594
1.2584 1.2568
1.2558 1.2542
1.2533 1.2516
1,2507 1.2491
1.2481 1.2464
1.2454 1.2438
1.2428 1.2411
1.2402 1.2385
1.2375 1.2358
1.2349 1.2332
1.2322 1.2305
1.2295 1.2279
1.2269 1.2252
1.2242 1.2225
1.2215 1.2199
1.2189 1.2172
1.2162 1.2145
1.2135 1.2119
1.2109 1.2092
1.2081 1.2065
1.2054 1.2038
1.2027 1.2011
1.1999 1.1984
11972 1.1956
11945 1.1929
1.1917 1.1902
1 1890 1.1875
1.1863 11848
1.1835 1.1821
1.1808 1.1793
1.1780 1.1766
1.1753 1.1738
1.1725 1.1711
1.1698 1.1683
1.1670 1.1656
1.1643 1.1628
1.1615 1.1601
1.1587 1.1573
1.1560 1.1546
1.1532 1.1518
1.1505 1.1491
1.1477 1.1464
11450 1.1436
11422 1 1409
1.1394 1.1381
1.1367 1.1354
1.1339 1.1326
1.1312 1.1299
1.1284 1.1272
1.1257 1.1245
1.1230 1.1218
1.1203 1.1191
1.1176 1.1165
1.1149 1.1138
1.1122 11111
1.1095 1.1084
1.1068 11057
1.1041 1.1031
1.1013 1 1004
10987 1.0977
1.09 1.0951
1.0933 1.0924
1.0907 1.0898
1.0880 1.0871
1.0853 1.0845
1.0827 1.0819

261
~—————True Specific Gravity————
15.5/15.5°C.  20/20° C. 25/25° C.
1.2650 1.2633 1.2617
1.2624 1.2607 1.2591
1.2598 1.2581 1.2565
1.2573 1.2555 1.2539
1.2547 1.2530 1.2514
1.2521 1.2504 1.2488
1.2495 1.2478 1.2461
1.2468 1.2451 1.2435
1.2442 1.2425 1.2408
1.2415 1.2398 1.2382
1.2389 1.2372 1.2356
1.2362 1.2346 1.2329
1.2336 1.2319 1.2302
1.2309 1.2293 1.2276
1.2283 1.2266 1.2249
1.2256 12239 1.2223
1.2230 1.2213 1.2196
1.2203 1.2186 1.2169
1.2176 1.2159 1.2143
1.2150 1.2133 1.2116
1.2123 1.2106 1.2090
1.1986 1.1970 1.1954
1.1849 1.1833 1.1818
11711 1.1696 1.1681
1.1572 1.1558 1.1544
1.1434 1.1420 1.1407
1.1298 1.1283 1.1270
1.1159 1.1147 1.1136
1.1023 1,1012 1.1003
1.0888 1.0879 1.0870
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TaBLE 82.—Tables for Specific Gravity and Per Cent Glycerolt—(Continued)

,——Agparent Specific Gravity—— ~———True Specific Gravity————
Glycerol  15.5/15.5°C. 20/20° C. 25/25° C. 15.5/15.5° C. 20/20° C. 25/25° C
Per Cent
32 1.0808 1.0800 1.0792
31 1.0781 1.0773 1.0766
30 1.0754 1.0747 1.0739 1.0753 1,0746 1.0738
29 1.0728 1.0721 1.0713
28 1.0702 1.0695 1.0688
27 1.0676 1.0669 1.0662
26 1.0650 1.0643 '
25 1.0624 1.0617 1.0611 1.0623 1.0616 1.0611
24 1.0598 1.0591 1.0586
23 1.0571 1.0565 1.0560
22 1.0545 1.0540 1.0535
21 1.0519 1.0514 1.0509
20 1.0493 1.0488 1.0484 1.0492 1,0487 1.0483
19 1.0468 1.0463 1.0459
18 1.0438 1.0434
17 1.0418 1.0413 1.0410
16 1.0392 1.0388 1.0385
15 1.0367 1.0363 1.0360 1.0367 1,0363 1.0360
14 1.0342 1.0339 1.0336
13 1.0317 1.0314 1.0311
12 1.0292 1.0289 1.0286
11 1.0266 1.0264 1.0262
10 1.0241 1.0239 1.0237 1.0241 1,0239 1.0237
9 1.0217 1.0215 1.0213
8 1.0193 1.0191 1.0190
7 1.0169 1.0167 10166
6 1.0145 1.0143 1.0142
s 1.0120 1.0119 1.0118 1.0120 1,0119 1.0118
4 1.0096 1.0095 1.0095
3 1.0072 1.0072 1.0071
2 1.0048 1.0048 1.0047
1 1.0024 1.0024 1.0023
Furfuryl Alcohol
CH—-CH

Furfuryl alcohol HH /(IE - CILOH (furyl carbinol) is a water-white

liquid of mild odor which darkens upon exposure. It is miscible with
water and most organic solvents with the exception of petroleum hydro-
carbons. It is a solvent for a wide range of organic products such as
cellulose ethers and esters, ester gum, cumar resins, kauri, mastic, ponti-
anac, shellac, sandarac and so forth, and is used as a solvent for dyes in
textile prin.ing, and in the manufacture of synthetic resins.

Alcohol content 93-969,
Boiling point 165-168° C.
Refractive index 1.4864
Specific gravity 1.1351

Tetrahydrofurfuryl Alcohol
ch—""CHa

Tetrahydrofurfuryl alcohol H,(‘:\ /éH—CH,OII is a stable, water-white

liquid of a mild and pleasant odor, is miscible with water and most organic
solvents, and in its solvent power is similar to furfuryl alcohol. It is used
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as a solvent for textile dyes, and as a wetting and dispersing agent.

Boiling point 178-180° C.
Refractive index 1.4508
Specific gravity 1.055 (20° C.)
2.0
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Figure 137. Evaporation Rate of Furfural and its
Derivatives at Room Temperature.?

Alpha Terpineol
CH; CH,
(IJOH
CH

e \CH2 . _ )
Alpha terpineol . (I) (E[[ (terpenc) is a tertiary alcohol boiling at
2 \ /

~
)

b,

210°C. The commercial grade is made from turpentine and terpene
hydrate. It is a powerful solvent for fossil resins, kauri, pontianac,
manila, synthetic resins, waxes, oils and so forth. It will dissolve many of
these resins without ‘“‘pre-melting” of the resin. In fact, it is used in the
terpineol process for the solution of resins and gums without loss of
weight. It is used as a mutual solvent for resins and cellulose esters and
ethers.

Specific rotation + 7to + 11°
Freezing point 27°C. to 32°C.
Specific gravity 0.939-0.942

Boiling range 210°C. to 221° C.
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Fenchyl Alcohol
CCH,
/ |\
H,C CHOH
Fenchyl alcohol CH, is a solvent for a wide variety of
H,C C(CH,)s
N\NC/

organic materials. It is used in organic synthesis.

Specific rotation -0.1°
Freezing point 30-34°C.
Specific gravity 0.962 (aL)prox )
Boiling range 198-204° C

TapLe 83.—Physical Propertics of Terpenes and Terpene Alcohols!!

~——Boiling Range——
5

% 95% Specific Refractive Optical
Sample °C. °C. Gravity Index Rotation
a-Pinene 155 158 0.8625 1.4560 + 26.50
B-Pincnes 160.2 163.8 0.8677 1.4709 - 11.71
Dipentenc 174 178 0.8481 1.4743 + 4.2
Terpinolene 187 189.7 0.8744 1.4809 + 0.2
(27.9°C.)
Fenchyl alcohol 200 201.3 0.94 1.4626 —0.1
(35°C.) (20°C.)
0.961
(15.6° C.)*
a-Terpineol 218 219 (m.p.35°C.) 1.4789 + 0.19

(25°C.)* (10% in alc.)
aDistilled from gum turpentine,
dSupercooled.
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Chapter 11

Aldehydes

Formaldehyde

Formaldehyde (HCHO) is a colorless gas which appears on the mar-
ket as an aqueous solution containing 40 per cent by volume. This solu-
tion is clear and colorless, with a pungent suffocating odor; its specific
gravity ranges from 1.075 to 1.085. It is made by the pressure-catalytic
oxidation of methanol. The bulk of the manufactured formaldehyde is
used in making synthetic resins. Other uses for it are as a deodorizer,
bactericide and preservative, and in dye manufacture. In the leather
industry formaldehyde is used to harden, preserve, tan and stiffen skins,
hides and leather, and in the rubber industry as an accelerator. It is also
used as a waterproofing agent and a reducing agent. Other industries
like the textile, cellulose and photographic find need of formaldehyde for
various purposes.

Acetaldehyde

Acetaldehyde (CH3CHO, acetic aldchyde, ethanal, aldehyde, ethyl alde-
hyde) is a water-white, mobile, inflammable liquid of aromatic, penetrat-
ing odor. It is completely miscible with water, alcohol, benzene, ether,
gasoline, solvent naphtha, toluene, xylene, turpentine and water, It will
dissolve oils, iodine and many of the natural and synthetic resins. Its uses
are as a hardening agent for glue and casein, and in the manufacture of
perfumes, drugs, dyes and so forth.

Acetaldehyde 999, min.

Acidity 0.1, acetic acid max.
Color Water-white .
Specific gravity 0.785 to 0.795 at -liT(SC(—:—
Weight 6.55 IbsJgal. at-0 O

Paraldehyde

Paraldehyde (CH3CHO); is a colorless, inflammable liquid of pleasant
odor. It is completely miscible with most common organic solvents and
will dissolve oils, fats, waxes, gums, and natural and synthetic resins.
The more important uses for it are in the production of rubber accelera-
tors and synthetic resins. It is also used in medicine, in the making of
dyes, and in place of acetaldehyde in the treatment of leather owing to
its higher boiling point and ease of handling. A mixture of paraldehyde
and ethyl alcohol will dissolve nitrocellulose. When acetone is used in
place of ethyl alcohol, the mixture will dissolve cellulose esters.

266
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Technical Grade

Paraldehyde 909, min.

Acetaldehyde 109, max.

Acidity 0.59%, max. as acetic acid

Color Water-white

Specific gravity 0.975 to 0.982 at 15, 6 C

Weight 8.15 lbs./gal. (15.6° C.)
Refined Grade

Paraldehyde 999, min.

Acetaldehyde 19, max.

Acidity 0.19%, max. as acetic acid

Color Water-white

Specific gravity 0.996 to 0.998 at li? CC'

Weight 8.32 lbs./gal. (15.6° C.)

Butyraldehyde

Butyraldehyde (CH3(CHo)2CHO butyric aldehyde butaldehyde, nor-
mal butylaldehyde) is a colorless, inflammable liquid of a characteristic
pungent, aldehyde odor. It is used in preparing rubber accelerators, syn-
thetic resins, tanning extracts, perfumes and flavoring extracts, and as an
intermediate in organic synthesis.

Purity Not less than 99, normal butyraldehyde
Specific gravity 0.803 to 0.809 at 20° C
Less than 0.75%, calculated as butyric acid.
Acidity Not more than 4.77 mg. KOH required for
neutralization of 1 g.
Less than 0.59, of water. (One volume
Water mixes without turbidity with 1.5 volumes
of water-saturated bertzene.)
Color Water-white
Acetaldehyde None
Crotonaldehyde None
Molecular weight 72.08
Flash-point 18°C. (64.4° F.)
Distillation range 71°C. to 78° C
Weight per U.S. gallon 6.71 pounds (68° F.)
Approximate change in wt.
per gal. per ° F. 0.0045 1b.
Solubulity in water 7.7% by vol. (25° C.)
Solubility of water
in butyraldehyde 3.5% by vol. (25° C.)
Acetaldol

Acetaldol (CH3CHOHCH.CHO, aldol, 3-butanolal, hydroxybutyral-
dehyde, B-hydroxybutyraldehyde, oxybutyricaldehyde) is a thick viscous
liquid, completely miscible with water, ether, alcohols and so forth. It is
a solvent for pyroxylin and many organic substances owing to the presence
of both the alcohol and the aldehyde group in the molecule. When it is
admixed with an active solvent it will dissolve cellulose acetate. Other
uses are as a frothing and collecting agent in ore and coal flotation; as an
intermediate in the making of perfumes, dyes and drugs; as a dyeing
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assistant; in engraving; in resin formation; and as a mutual solvent for
pyroxylin and castor oil.

Acetaldol 85% t0 95%

Color Pale yellow

Specific gravity 1.1024 to 1.1064 (15.6° C.)

Weight 9.24 1bs./gal. (15.6° C.)
Crotonaldehyde

Crotonaldehyde (CH3;CHCHCHO) is a colorless, inflammable, mobile
liquid of pungent odor. It is partly miscible with water and completely
miscible in all proportions with alcohol, ether, benzene, toluene, kerosene,
gasoline, solvent naphtha and so forth. It is a solvent for vegetable and
mineral oils, fats, waxes, gums, rubber, sulfur, natural and synthetic resins,
etc. It is used in the manufacture of intermediates, dyes, resins, rubber
accelerators and tear gas, and as a warning agent for gases. It is also
used as a selective solvent for the removal of impurities from lubricat-

ing oils.
Crotonaldehyde
Acetaldehyde
Paraldehyde
Water
Acidity
Color

Specific gravity

Weight
Flash-point

Boiling range
Below 82° C.
Below 108° C.

Vapor pressure

Paraldol

97% to 999,

19, max.

19, max.

19%, max.

0.39%, max. as acctic acid

Water-white to yellow
15.6° C.

Below 0.862 at °C.

7.14 1bs./gal. (15.6° C.)

127.4°F.

None
Not less than 90%,

30 mm. Hg. (20° C.)

Paraldol [ (CH3;CHOHCH,CHO).] is a white crystalline solid com-
prising 70 per cent paraldol and 30 per cent aldol and it is soluble in

water. Boiling point 96 to 98° C.

Octyl Aldehyde

Octyl aldehyde (C4HyCHC,H;CHO, 2-ethyl hexanal) is a colorless,
high-boiling liquid of mild aldehyde-like odor. It is miscible with most
organic solvents and is used both in chemical synthesis and in perfumes.

Acidity
Color

Specific gravity

Not more than 0.19%, as acetic acid.
Water-white
20° C.

0.822 to 0.828 at 7oz

Nc{)t lmorc; tgag 5% distills

- elow 160° C.

Boiling range (760 mm.) Not more than 3%, distills
above 175° C.

Average weight 6.9 lbs./gal. (20° C.)
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Benzaldehyde

Benzaldehyde (CgHsCHO, artificial essential oil of almond, benzoic
aldehyde, benzoyl hydride) is a colorless liquid of fragrant odor. It is
miscible with alcohols, ether, aldehydes, ketones and so forth. It will
dissolve oils, resins, some cellulose ethers, cellulose acetate and nitrate.
When it is admixed with ethyl alcohol or an active solvent like methyl ace-
tate, acetone and so forth, the mixture will dissolve a wide range of cellu-
lose esters or ethers. Uses for it are in the manufacture of intermediates,
medicinals, dyes, flavoring compounds, toilet preparations and soaps, and
as an intermediate in organic synthesis.

Specific gravity 1.045 (25° C.)
Melting point —13.5°C.
Boiling point 179.5° C.

Furfural

HC-—CIL (0]
7 ine g

Furfural IC  C-C (furfurol, furfuraldchyde, furol, artificial oil

NN
H
of ants, furfuranecarboxylic aldehyde, pyromucic aldehyde) is a colorless
mobile liquid of aromatic odor suggestive of bitter almonds, and upon
exposure will turn red. It was discovered over a hundred years ago and,
owing to its original source from bran, was given the name of furfurol
(furfur—bran; oleum—oil). It is commercially obtained from oat hulls.

TFurfural is miscible with alcohols, ethers, ketones, and most organic
solvents with the exception of the paraffin hydrocarbons. It possesses a
wide range of solvent action, dissolving most types of cellulose esters and
ethers, gums, natural and synthetic resins, waxes, oils and dyes, and many
organic substances, some of which are oleic acid, carbazole, anthracene
and so forth. By adding an aliphatic alcohol or ester to it, its solvency
for cellulose derivatives will be augmented.

The largest commercial use for furfural is in the manufacture of
resinous material by condensing it with amines, ketones, phenols and so
forth. The furans are also used in making vulcanization accelerators,
antioxidants, dyes and intermediates. Other uses for furfural are as a
solvent in lacquers with a cellulose ester, or cellulose ether, or varnish
gum base; as a solvent for such substances as formaldehyde, oleic acid
and diphenylaminechlorarsine; in the purification and bleaching of organic
compounds; and as a fly-repellant, preservative, fungicide, herbicide and
tanning agent. The condensation products of furfural and ketones are
sensitive to light and are therefore utilized in photolithographic and photo-
engraving processes. As a selective solvent furfural is employed in the
refining of mineral oils, in the isolation and purification of anthracene from
an admixture with phenanthrene and carbozole, and in the purification and
oxidation of rosin. Its solvent and penetrating properties make it a valu-
able component in dyeing mixtures for wood, vegetable matter, leather,
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shoes, textiles and other such substances. Owing to its penetrating power
it finds application for resin impregnation.

Boiling point

Specific Gravity

Flash-point

Acid (as acetic)
Aldehyde content

Technical
158-162° C.

1.158-1.16
55-58°C.

0.39%, max.
98.5%

Refined
158-160° C.
1.159-1.161
55-58°C.
0.19, max.
99.0-99.5%,

(See Fig. 137 for rate of evaporation of furfural and its derivatives.)

TABLE 85.—Some Physical Constants of Furfural and Its Derivatives

Name

n-Amyl furoate
n-Butyl furoate
n-Butyl furfuryl ether
Ethyl furoate
Furylacrolein
Furylacrylic acid
Furan

Furfural

Furfural acetone
Furfural acetophenone
Furfural diacetate
Furfuraldoxime (sym.)
Furfuraldoxime (anti)
Furfurin

Furfuryl acetate
Furfuryl alcohol
Furfuryl amine
Furfuryl butyl ether
Furil

Furoin

Furoic acid

Furoyl chloride
Hydrofuramide
Isoamyl furoate
Methyl furoate
2-Propyl furoate

Tetrahydrofurfuryl acetate
Tetrahydrofurfuryl alcohol
Tetrahydrofurfuryl benzoate

Melting Point

©cC)

34

- 36.5
125
89

117

162-5
135-9
132-3

115-120

Boiling Point

233
227

©cC)

189-190
195-7

200
226
31

158-162

229 (decomposes)

180-1 (8 mm.)
143-4 (20 mm.)

175-7
165-8
145-6
189-190

230
170

232
181
211

-2

84-6 (14 mm.)
177-8
143-5 (3 mm.)

Denzséty
4%
1.033
1.0555
0.955
1.1774

0.937
1.1598

1.1175
1.1351
0.955

1.0335
1.178
1.075

1.055

TABLE 86.—Solubility of Gums and Resins!

Product
Furfural
Methyl furoate
Ethyl furoate
Propyl furoate
n-Butyl furoate
Isoamyl furoate
Furfuryl alcohol
Furfuryl acetate
Tetrahydrofurfuryl

alcohol

Dam-
Congo Guaiac mar
SS SS
SS SS
S SwW
SS Sw
SS SwW
SS SW
SS SwW
SS SW
S Sw

SS

sw = swells; ss = slightly soluble; s=sgoluble.

Coum- Ester
arone Gum
S S
S S
S S
S S
S S
S S
S S
S S
S S

San-

darac Mastic Kauri

SS

SS SS
SW SwW
SW SwW
SW SwW
SW SS
SW SS

S S
SW SS
S S

Refractive
Index

1.4740

1.4782

1.4216
1.4161

1.4627
1.4864

1.4720
1.4869
1.4750

1.4508

Ponti-
anac Shellac
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Chapter 12
Acids

ALIPHATIC
Formic Acid

Formic acid (HCOOH, acid hydrogen carboxylic) is a colorless liquid
of a pungent odor. It is soluble in water, alcohols, glycerin, ether and
many other solvents. It will dissolve cellulose acetate and many types
of cellulose ethers. It is used to toughen films of cellulose acetate. The
presence of formic acid in pyroxylin lacquers increases not only the plia-
bility of the film but also its adhesive property. A mixture of formic
acid and furfural has been proposed as a solvent for nitrocellulose and
as a stabilizer for ethyl acetanilid, when it is used as a camphor substitute.
Other uses for formic acid are in the manufacture of esters, as a pre-
servative for foods and hides, as a deliming agent, as a solvent and
mordant in dyeing and printing textiles, and in electroplating.

Specific gravity 1.2178
Melting point 8.3°C.
Boiling point 100.8° C.

Acetic Acid

Acetic acid (CHCOOH, vinegar acid, methane carboxylic acid) is
a colorless liquid with a pungent odor. It is soluble in water, alcohols,
ether and so forth, and is a solvent for cellulose esters. Processes have
been patented for its use in celluloid substitute manufacture, as a mutual
solvent for cellulose acetate and dyes and in mending compositions for
cellulose ester films. Other uses for acetic acid are in the manufacture of
acetates, acetyl derivatives, esters, intermediates, curing agents, dyes,
matches, printing inks and polishes, and as an assistant in dyeing processes.

Glacial
Acetic acid 99.5% min.
Color Water-white
Chlorides Nil
Sulfates Nil
Metals Nil
Aldehyde 0.059%, max.
Formic acid 0.29%, max.
Water 0.5%, max.
Freezing point 15.6° C. min.
Weight 8.77 1bs./gal. (15.6° C.)

272
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The freezing points of pure acetic acid in water solutions are as follows:

Acetic Acid Acetic Acid

(Per cent) °C. °P. (Per cent) °C. °F,
80.0 - 8.4 16.9 99.3 15.28 59.5
85.0 -24 27.7 99.4 15.47 59.8
90.0 3.3 38.0 99.5 15.65 60.1
95.0 9.0 48.2 99.6 15.84 60.4
98.0 13. 55.8 99.7 16.04 60.8
99.0 14.74 58.6 99.8 16.24 61.2
99.1 14.92 58.9 99.9 16.43 61.6
99.2 15.10 59.2 100.0 16.60 61.9

Acetic Anhydride

Acetic anhydride [(CH3CO).0, acetic oxide, acetyl oxide] is a color-
less liquid with a pungent acetic odor. It is soluble in alcohols, chloro-
form and ether. It will hydrolyze to acetic acid upon the addition of
water. It is used for the introduction of the acetyl group in organic com-
pounds, in the manufacture of cellulose derivatives, drugs, dyes and inter-
mediates. It is added to film-producing lacquers in order to impart non-
inflammability, and is also added to airplane dopes and varnishes.

Specific gravity 1.082 (15° C.)
Boiling point 139.5° C.

Propionic Acid

Propionic acid |CIH;CII,COOII] is a colorless liquid of fragrant odor.
It is soluble in alcohols, ether, chloroform and so forth, and is a solvent
for acetone-soluble cellulose acetate. When it is admixed with a small

amount of alcohol it will dissolve many cellulose ethers. Uses for it are
in the manufacture of esters, artificial fruit flavors and perfumes,

Butyric Acid

Butyric acid [CH3(CH2)2CO.H, ethyl acetic acid, propylformic acid]
is a colorless liquid of rancid odor. It is soluble in alcohols, ethers and
so forth. It is used in the manufacture of esters which are used as sol-
vents, as perfumes and flavoring agents; as a tanning agent and a disin-
fectant; and in deliming hides.

Purity Not less than 99.0%
Specific gravity 0.957 to 0.961 at g()TC
Color Water-white
Boiling range (760 mm.)

Below 160° C. None

Above 165° C. None
Miscibility with water Miscible in all proportions

50 cc. should dissolve 5 cc.
95% H,;SO,. After stand-
ing 30 minutes at 20°C.,
the mixture should not be
darker than No. 6 pink
color standard.

Miscibility with H,SO,

Chlorides one
Average weight 7.98 1bs./gal. (20° C.)
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Butyric Anhydride

Butyric anhydride is a water-white liquid which hydrolyzes to butyric
acid in the presence of water. Like butyric acid, it is used in making
butyrates, flavors, drugs, tanning agents and so forth.

Purity Not less than 85%, .
Specific gravity 0.965 to 0.970 at 280 g
Color Water-white
Boiling range (760 mm.)

Below 190° C. None

Above 200° C. None

Below 195° C. Not more than 109},
Average weight 8.05 1bs./gal. (20° C.)

Furoic Acid

Furoic acid (CsH3OCOOH, pyromucic acid) is a stable, crystalline
product, which is white when pure. The impure product is brown and
can be purified by sublimation. It is soluble in most organic solvents and
is used both as a fumigant and for making furoic acid derivatives.

Melting point 128 to 129° C.
Moisture 39, max.
Ash 0.19, max.

Sulfate tr.
Acidity (as furoic with phenolphthalein) 99.0 to 99.5%,
Crotonic Acid
Crotonic acid is a water-white crystalline substance that is chemically
unsaturated. It is used in making esters and resinous material,

AROMATIC

Benzoic acid and other acids of this group have been proposed as solid-
solvent-mixtures for cellulose esters and ethers in making films and plas-
tics. Salicylic acid is added to it owing to the beautiful crystalline effect
produced. Anthranilic acid and an aminobenzoic acid have been proposed
as plasticizers for cellulose esters.

General References

Carbide & Carbon_ Chemicals Corporation, New York, N. Y.
Niacet Chemical Corporation, New York, N. VY.



Chapter 13

Ketones

Ketones /CO are stable solvents possessing high dilution ratios and
R

good blush resistance; and they are compatible with lacquer ingredients.
Their evaporation rates are in relation to their boiling points. They are
miscible with most lacquer solvents and diluents. As a rule ketones are
good solvents for cellulose esters and ethers and many natural and syn-
thetic resins. The higher ketones are solvents for nitrocellulose and act
as latent solvents for cellulose acetate in the presence of some plasticizers.
Park and Hofmann! have found that each ketone evaporates approximately
twice as slowly as the one before it in the series. They have also observed
that methyl ethyl ketone and ethyl acetate have about the same evapora-
tion rate and they therefore recommend the substitution of this ketone fér
the ester in nitrocellulose lacquer. Further, methyl butyl ketone equals

Courtesy of Commercial Solvents Corp.

Prate 11. Top View of Fermentation Tanks in Butyl-Acetonic
Fermentation of Xylose,
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n-butyl acetate in evaporation rate and can replace it in lacquer fabrica-
tion. The rate of evaporation of methyl amyl ketone is slower than that
of butyl propionate or amyl acetate, and approximately equal to that of
secondary hexyl acetate; and methyl propyl ketone has a rate of evapora-
tion which lies between those of ethyl and butyl acetate.

TABLE 87.—Solvent Properties Affecting Blush Resistance!

Solubility of Wet-Bulb

Solvent 20 in Depression

Solvent 1n H.0 solvent 8’ C.)
Acetone Infinite Infinite 30.5
Methyl ethyl ketone 22.6 9.9 21.5
Methyl propyl ketone 6.0 3.6 12.0
Methyl butyl ketone 3.44 3.70 6.5
Methyl amyl ketone 1.95 2.15 3.0
Ethyl acetate 7.9 3.0¢ 21.5
n-Butyl acetate 2.3 2. 6.5

aFor C. P. product containing no alcohol; commercial material dissolves more water than this.

Acetone

Acetone (CH3COCHj, dimethylketone, methyl acetyl, propanone) is a
colorless, limpid, mobile, hygroscopic, inflammable liquid of mint-like odor.
It was formerly obtained by the destructive distillation of wood. The
yield of acetone was increased by converting the acetic acid, in the aqueous
distillate, to calcium acetate and then subjecting this salt to dry distilla-
tion. Acetone is also made by the catalytic conversion of acctic acid by
passing it through heated tubes. More recently, acetone and higher ketones
have been made from olefinic hydrocarbons. The olefins are converted
to sulfonic acids which on hydrolysis yield alcohol, and on oxidation form
the corresponding ketones. The bulk of acetone which is produced is
made Dby the I‘ernbach-Strange-Weizmann fermentation process and
n-butyl alcohol is also produced at the same time, This ketone can also
be made by a bacterial fermentation of a giant seaweed which grows along
the Pacific Coast. This widely-used, “low-boiling” ketone is completely
miscible with water, alcohols, ethers, oils, hydrocarbons, halogenated hydro-
carbons, fatty acid esters and most organic solvents. It is one of the most
powerful solvents known. It will dissolve 25 times its volume of acetylene
at a pressure of one atmosphere, and it will continue to dissolve 25 times
its volume of this gas for each additional atmosphere of pressure.

Its solvent power varies widely for different substances. Resins such
as pontianac, elemi, soft manila, dammar, sandarac, rosin, Burgundy pitch
and shellac are wholly, or almost wholly, soluble. This is true also of
celluloid, cellulose esters, fats, greases, essential oils, dyes, Japan and
Bayberry wax, and synthetic resins such as benzyl abietate, copal and
ester gums, crotonaldehyde and cyclohexanone-formaldehyde. Other types
of natural resins and waxes, however, are only partially soluble in acetone
(see Tables 88, 94, 98, 100). Petroleum products are slightly soluble
(Table 89). A mixture of acetone and benzene (3:11) will dissolve many
types of cellulose ether.
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Ficure 138, Vapor Pressure of Various Aliphatic Ketones
at Different Temperatures.

Acetone is widely used as an extracting medium for substances which
are themselves insoluble, but contain acetone-soluble impurities in the form
of fats, greases and resins. In this category fall rubber, pitches, asphalts,
etc. (Table 97). Crude plantation rubber, for example, contains from
2 to 3 per cent of acetone-soluble substances; and related materials such
as gutta percha and balata have considerably more (Table 91). In addi-
tion to this, acetone is used as a solvent in paint and varnish removers,
motor fuels, airplane dopes, nitrocellulose lacquers, and carbon removers;
as an alcohol denaturant; in degreasing wool and manufacturing rayon; in
artificial seasoning of wood, in lubricating compositions, in smokeless
powder, in cordite; in bituminous paint; as a refrigerant; in coating of
fabrics, film manufacture and water-proofing compounds. Acetone finds
considerable use also in the organic synthesis of drugs, dyes, acetone deriva-
tives, etc.
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Purity
Acidity

Color
Non-volatile matter

Approx. change in wt.
I\/E)lecular weight

Boiling point

Melting point

Critical pressure

Critical tempcrature

Heat of combustion
Refractiv: index

Surface tension

Electrical conductivity
Latent heat of vaporization
Viscosity

Vapor pressure:

Specific gravity
Weight per gallon
Specific heat

Flash-point
Solubility

Dilution ratio

Explosive limits in air
Alkalinity
Distillation range
Below 55° C.
Above 57.5°C
Dryness

Reducing Substances

Blush resistance at 90° F

98% to 1009, dimethyl ketone

Less than 0.0029, calculated as COs,.

Not more than 0.051 mg. KOH re-
quired for neutralization of 1 g.

Water-white

Not more than 0.001 gram when 100
cc. are evaporated and heated to
constant we:ght at 100°C.to 110°C.

0.0054 1b./gal./° F

58.06

56.5° C.

—94.9°C.

47 atm.

235° C.

7.373 cal./g.

1.3591 (20° C.

23.7 dynes/cm. (20° C.)

5.5X 108 recip. ohms (15° C.)
124.6 cal./g. (56.1° C.)

0.316 centipoise (25° C.)

Temperature Millimeters

“C) of Hg.

0 69.5

10 117.4

20 186.3

30 284.6

40 425.3

50 620.9

60 860.4

0.7972 (15° C.)
6.64 1bs. (15° C.)
§0.3468 (26-100° C.)
10.3740 (27-179° C.)
- 16°C. (3°F.)
stmb]e with water and most organic
liquids
Water 0.21
Toluene 4.95
V. & P. naphtha 0.55
Final conc. ¥4-scc.
R. S. nitrocellulose 89,
2.89-13.0
Not alkaline to para-nitrophenol

None

None

Miscible without turbidity with 20
vols. 60° Bé. gasoline at 20° C.

Color of added permanganate to be
retained for not less than 30 minutes

(109%, V4-sec. R.S. ‘nitrocellulose solution)

Relative humidity
Coefficient of expansion
Per 1°F
Per 1° C.
Evaporation rate at 95° F

Minutes
Water solubility

Clear Blush
35% 40%
0.00080
0.00144
259
5‘? 5/0 50% 7451% 950‘?, 95512,',

Inall proportxons and w1thout turbidity
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Ficure 139.

Evaporation Rate of Various
Ketones and Esters (Temperature
18.5-19.5° C.).2
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TaBLE 88.—Percentage of Acetonc-insoluble Matter in Various Resinst

Resin

Per cent Insoluble in Acetone

Brazilian 37.60
Zanzibar 77.30
Madagascar 64.30
Demerara 69 20
Columbian 43.60
Bengucla 24.80
Angola, red 77.70
Angola, white 61.00
Congo 45.80
Pontianac Soluble
Kissel 49.50
Akkra 45.80
Cameroon 60 50
Sierra Leone 40.30
Guapinol resin 57.10
Courbaril (Cayenne) 33.90
52.00

Manila, hard

TaBLE 89.—Solubility of Petroleum Products in Acetone?

Ce. of oil Soluble in
100 cc. of Acetone at 25° C.

Product
Gulf Supreme light auto 13.0
Gulf Supreme medium auto 8.6
Gulf Supreme heavy auto 8.0
Gulf Liberty aero 6.0
Brownley Liberty aero 3.2
High-viscosity pale 6.0
Vacuoline, Extra B 4.2
Turbin g%

Western
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Ficure 140. Vapor Pressure of Various Ketones at Different Temperatures.®

TaBLE 90.—Solubility of Resins in Acetonct
Solubility at

Resin Room Temperature
Rosin: WW grade M
M grade m
E grade m
Synthetic resins
Coumarone: m. p. 85°C. M
m. p. 115°C. M

M-—miscible in all proportions.
Mt iscible in cc trated solution with part separating on dilution.
m—part soluble is miscible in all proportions at room temperature.
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at Various Temperatures.®

Courtesy of Commercial Solvents Corp.

PLATE 12. Bottom View of Fermentation Tanks. See Plate 11.
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TABLE 91.—Acetone-Soluble Portion of Crude Rubbers and Related Gums!

Per cent Soluble
at Boiling Point

Type of Acetone
Balata, Surian sheet 41.9
Balata Venczucla block 44.5
Benguellas 4.5
Caucha, Ball 2.9
Caucha, Central 2.8
Crepe, brown 2.8
Crepe, first latex 2.9
Guayule 21.0
Gutta-percha 25.0
Smoked sheet, prime ribbed 3.15
Upper Congo, red 5.8
Upriver Fine Para 1.25

TABLE 92.—Solubility of Fats, Oils and Greases in Acctonet

Per cent
Soluble
Per cent at Boiling
Miscibility Soluble Point of
Type at 25° C. at 25° C, Acetone
Linseed oil, ozonized M
Neatsfoot oil m 98.7 M
Olive oil (commercial) M
Olive claine (red oil) M
Palm oil, Legos (commercial) m 82.0 99.8
Palm oil, raw .. 100.0 M
Palm kernel oil (extracted, raw) M
Peanut oil (refined and bleached) M
Peanut o1l (hydrogenated) .. 100.0 M
Pine oil M
Seal o1l (Norwegian, raw) M
Soy-bean o1l M
Sperm oil M
Tallow (prime) .. 89.1 M
Whale oil M

M-—miscible in all proportions,
m-—part soluble at 25° C 13 miscible in all proportions,

TABLE 93.—Solubility of Blown Asphalts in Acctone!
Acetone Extract

Type Per cent
Residual oil 61.0
After blowing 3 hours 40.2
After blowing 6 hours 33.6
After blowing 8 hours 25.1

TABLE 94.—Solubility of Copal Resins in Acclonet

Per cent
Soluble at Solubility of
Boiling Point  Part Soluble
Type of Acetone at 25° C.
Congo 40.8 Mt
Manila, soft 96.6 M
Elemi 100.0 M
Yacca 96.6 M
Sandarac 97.0 M
Sierra Leone 55.5 M
Borneo pontianac 93.5 M
Batavia dammar 88.7 M
Red, accrodites 95.2 M

M-—miscible in all proportions.
Mi—miscible in concentrated solutions with separation on dilution.
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TABLE 95.—Solubility of Water Gums in Acctone!

Type
Arabic gum
Indian gum
Senegal gum
Tragacanth, Allepa
Tragacanth, Persian .
Tragacanth, Turkey

Per cent
Soluble at
Boiling Point
of Acetone

11.9

TABLE 96.—Solubility of Shellacs in Acetonct

Type
Superfine orange shellac
Superfine shellac
T. N. shellac No. 1
T. N. shellac, No. 2
A. C. garnet
Refus lac

Per cent
Soluble at

Boiling Point

of Acetone
98.8
92.8
95.6
98.8
81.3
63.0

TABLE 97.—Solubility of Asphalts and Bitumens in Acetone*

Alberite

‘Type

Asphalt, blown, from mid-continental petroleum
Bermudez pitch, refined
Coal-tar pitch, refined

Fatty acid pitch, soft grade
Fatty acid pitch, medium grade
Gilsonite selex

Grahamite

Mexican petroleum asphalt, steam-distilled, medium grade
Mexican petroleum asphalt, steam-distilled, soft grade
Petroleum asphalt, steam-distilled, California, medium grade

Residual oil

rom Gulf Coast

Residual oil from steam distillation of mid-continental petro-
leum asphalt

Syrian asphalt

Trinidad pitch, refined

Per cent
Soluble at
Boiling Point
of Acetone

5.8

TABLE 98.—Percentage of Acetone-insoluble Matter in Various Resins!

Type
Kauri, pale
Kauri, brown
Kauri, bush
Rosin
Burgundy pitch
Stockholm tar
Mastic
Sandarac
Madagascar copal, fused

Per cent
Insoluble in
Acetone

8.90
38.70
20.70

Soluble
Soluble
Soluble
9.50
Soluble
84.80

283
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Courtesy of Commercial Solvents Corp.

Interior of a Still Tower.

Prate 13.
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TABLE 99.—Solubility of Fats, Oils and Greases in Acetonet

Solubility
Per cent at Boilin,
Miscibility Soluble Point o
Type at 25° C. at 25° C. Acetone
Chinawood oil M
Cocoanut oil (refined and bleached) M
Corn oil (raw) M
Cottonseed oil (refined and bleached) M
Cottonseed oil (hydrogenated, Crisco) M 100 0 M
Cottonseed oil (hydrogenated) .. 32.0 M
Cottonseed oil (stearin) M
Cottonsced oil (summer) M
Cottonseed oil (winter) M
Fish oil (herring, raw) M
Fish oil (hydrogenated) .. 35.8 M
Fish oil (menhaden, raw) m 99.8 M
Grease, brown m 96.4 99.8
Grease, garbage m 99.6 99.7
Grease, white m 97.3 M
Linseed oil, raw M

M—miscible 1n all proportions
m—part soluble at 25° C. is miscible in all proportions.

TABLE 100.—Solubility of Waxes in Acetonet

Per cent

Soluble at

Boiling Point

Type of Acetone
Bayberry wax 100.0
Beeswax, African 93.9
Beeswax, Cuban 99.2
Candelilla wax 99.8
Carnauba wax, I'lora 35.8
Carnauba wax, Ceara 48.8
Japan wax 100.0
Montan wax 62.5
Ozocerite, black 69.0
Shellac wax 58.8

Wood Spirit (Wood Naphtha)

Wood spirit (wood naphtha) is a mixture of methyl alcohol, acetone,
methyl acetate, acctal, allyl alcohol, acetaldehyde and methylamine. It is
miscible with water, alcohols, ethers, ketones and hydrocarbons. It is a
solvent for cellulose nitrate and acetate, benzyl abietate, cumar, oils, glyp-
tol resins, and many other natural and synthetic gums and resins.

Methyl Acetone

Methyl acetone (methyl ketone) is a clear, colorless, inflammable, vola-
tile liquid. It is obtained from the distillate of the destructive distillation
of wood. It varies in composition but within its limits it is composed of
acetone 35 to 60 per cent, methyl alcohol 20 to 40 per cent and methyl
acetate 20 to 30 per cent.



286 INDUSTRIAL SOLVENTS

This mixture is miscible with water, oils and hydrocarbons in all pro-
portions and is an excellent solvent for acetyl and nitrocellulose, benzyl
abietate, ester gum, glyptol resins, gums, resins, etc. Methyl acetone is
used in the manufacture of cements, extracts, artificial leather, gas mantles,
rubberized fabrics and so forth. It is used in extracting perfumes
and in varnish removers; as a solvent for alcohol-soluble gums and gum
mixtures ; in celluloid cement, dopes, enamels, lacquers and stains; and in
the manufacture of rawhide, artificial leather, solidified alcohol, plastics and
so forth.

Specific gravity 0.830
Boiling range 50° to 70° C.
Acidity 0.029, max.

“Methane” is a type of methyl acetone in which esters are added to
replace the alcohol. This addition augments the solvency of the mixture.

Acetone Oils

Acetone oils (ketone oils) are oily mixtures of high-boiling ketones
containing other substances. They are slightly-colored liquids of pungent
and acreolin-like odor. These oils are obtained from the destructive dis-
tillation of wood and by the dry distillation of calcium salts of aliphatic
monocarboxylic acids. The distillate is divided into a light fraction called
“light acetone oil” and a heavy fraction called “heavy acetone oil.” The
latter has, by far, the more disagreeable and penetrating odor and is there-
fore limited in its commercial use. The acetone oils are potent solvents.
Their solvent action is not as rapid as that of acetone or methyl or ethyl
acetate although they have the added advantage of lower volatility and
lower water-absorption. Acetone oils are solvents for cellulose nitrate
and acetate, gums, natural and synthetic resins, oils and so forth. These
oils are also used as solvents for making cellulose ester and ether lacquers,
cements and varnishes. Other uses are as an alcohol denaturant and for

Light Heavy
Specific gravity 0.810-0.830 (15° C.) 0.880-0.927 (15° C.)
Boiling range 75°-160° C. 160°-226° C.
Lbs. per gallon 6.91 7.72
Color straw color darker than straw

Boiling Ranges

~Light Refined Grade— ~—~Heavy Refined Grade—
Over at 64° C. Over at 110° C.
109, 68 10%, 136

20 70 20 145

30 71 30 150

40 73 40 161

50 79 50 170

60 87 60 183

70 95 70 193

80 111 80 207

920 134 90 224

95 143 95 230
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purifying dyes. A celluloid substitute has been proposed comprising ace-
tone oils, nitrocellulose and gelatin.  Scheele ® describes an enamel of copal,
nitrocellulose and acetone oils. An advocated varnish formula was com-
posed of pyroxylin, cumar resin and acetone oil.

Methyl Ethyl Ketone

Methyl ethyl ketone (CH3COC;Hj;, cthyl methyl ketone) is a color-
less, inflammable liquid of acetone-like odor. It is miscible with oils and
hydrocarbon solvents. It is equivalent to acctone in solvent power with
the added advantage of being less soluble in water, having both a higher
boiling point and a lower vapor pressure. These factors render it less
prone to cause “chilling.” Were it commercially abundant it would, to a
large extent, replace acctone.

Commercial grades of methyl ethyl ketone usually contain 20 to 30
per cent of methyl acetate and about 10 per cent of methyl alcohol. It is
used as a solvent for lacquers, celluloid, artificial leather dressing, dopes
and dyes.

Purity Contains more than 989, mecthyl
cthyl ketone .
Specific gravity 0.808 (+ 0.002) at 20 &
Color Water-white
Water Miscible without turbidity with
19 volumes of 60° Bé. gasoline
at 20° C.
Acidity Less than 0.0039, (as acetic acid)
Distillation range*
Below 76° C. None
Above 82°C None

More than 909, distills over between
78° C. and 81°C

Non-volatile matter Iicss than 0.0059,
2

Molecular weight
Boiling point
Refractive index
Viscosity

Vapor pressure
Flash-point

Latent heat
Specific heat
Dielectric constant
Surface tension

Methyl Propyl Ketone

Molecular weight
Purity

Vapor pressure

79.6° C. (760 mm.)
1.3791 (20° C.)

0.401 centipoise (25° C.)
71.5 (20° C.)

- 7.2° C. (closed cup)
106 cal./g.

0.550 cal./g.

18.4

24.6 (20° C.)

*According to A. S. T, M. Specification D268/31T.

86

Consists of a mixture of methyl
propyl and diethyl ketones in the
approximate ratio of 3 to 1 and
contains at least 979, of these
ketones, the balance being secon-
dary amyl alcohol.

30 (20°C.)
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Specific gravity

Boiling point
Color

Refractive Index
Water

Viscosity

Acidity
Flash-point
Distillation range*

Latent heat
Non-volatile matter
Dielectric constant
Surface tension

INDUSTRIAL SOLVENTS

20° C.

== Pttty

0.809 (= 0.002) at 20°C.

101.7° C.

Water-white

1.3895 at 20° C.

Miscible without turbidity with
19 volumes of 60° Bé. gasoline
at 20° C.

0.473 centipoise (25° C.)

Less than 0.0039%, (as acetic acid)

45° F. (7.2° C.) (closed cup)

More than 909, distills over between
100° and 103° C.

91 cal./g.
Les4§ than 0. 0059,
25.2 (20°C.)

*According to A. S. T. M. Specification 12268/31°T,

Methyl Butyl Ketone

Molccular weight
Boiling point
Specific gravity
Refractive index
Viscosity

Vapor pressure
Flash-point*
Latent heat
Specific heat

Dielectric constant
Surface tension

*Closed Cup.

Methyl Amyl Ketone

Molecular weight
Boiling point
Specific gravity
Refractive index
Viscosity

Vapor pressure

Flash-point*

Latent heat
*Closed Cup.

Butyrone

CH 3CHchz\\
Butyrone
CH,CH,CHy”

less, stable liquid of pleasant odor.
light acetone oil in which the di-n-propyl ketone is in predominance.
1933, the Carbide and Carbon Chemicals Corporation first began to make
it synthetically on a commercial scale.
fermentation of hydrolvzed wood cellulose in the presence of lime and the

100.1
127.2° C. (760 mm.)

20° C.
0.8209 at “o-

1.4024 (20°C.)
0 584 centipoise (25° C.)
10 (20° C.)
{73° F.
(22.8)
83 cal./g.
O 553 cal./g.

252 (20° C.)

114 11
150.2° C. (760 mm.)
20° C.

0.8269 at 0°C,

1.4110 (20° C.)

0.766 centipoise (25° C.)
3.6 (20°C.)
{106° F.
| (41.1)

83 cal./g.

CO (di-n-propyl ketone, amyl ketone) is a color-

The commercial grade is a purified

It is made by the butyric acid
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calcium butyrate produced is subjected to distillation. In the fermenta-
tion process other acids are produced with the consequence that other
ketones are also present in the finished product. Butyrone is miscible with
many of the organic solvents. It dissolves a wide variety of materials,
some of which are caoutchouc, nitrocellulose, raw and blown oils, many
natural and synthetic resins like dewaxed dammar, manila, rosin, cumar,
ester gum, glyptols and waxes. The most important use of butyrone is
as a solvent in lacquers and synethic resin finishes. It is also used in
chemical synthesis.

Molecular weight
Boiling point
Freezing point

Specific gravity

Weight per gallon
Refractive index

Surface tension

Viscosity

Vapor pressure

Specific heat

Latent heat of vaporization
Flash-point*

Heat of combustion
Solubility in water
Solubility of water in butyrone

Coefficient of Expansion

114.11

143.7° C.

- 32.1°C.

20° C.

0.8162 at 20°C.

6.79 1h. (20° C.)

1.4068 (20° C.)

25.2 dynes/cm. (25°C.)
0.0074 poise (20° C.)
5.2 mm. Hg. (20° C.)
0.553 cal./g. (25°C.)
75.8 cal./g. at B.P.

49° C. (120°F.)

1051 kg. cal./mole.
0.539, by wt. (20° C.)
1.279, by wt. (20°C.)
(0.001073 (per ° C.) to 20° C.

10001115 (per ° C.) to 55° C.
Kemsolene = 0.8

Toluene = 3.1

Final conc. }4-sec.

R.S. nitrocellulose 89,

Dilution ratio

*(A S.T.M. Open Cup)

Hexone

CH,\

Hexone CHjy

CII—CH,
CO (methyl isobutyl ketone, 2-methyl-4-pen-
CH,/
tanone) is a colorless, stable liquid of pleasant odor. It is miscible with
most organic solvents and has a wide range of solubility. It will dissolve
such substances as nitrocellulose, certain types of cellulose ethers, cam-
phor, oils, such as natural, mineral, synthetic, blown and sulfonated oils,
fats, waxes and many types of natural and synthetic gums and resins.
It will dissolve cellulose acetate when it is admixed with ethylene dichloride.
Hexone is a medium-boiling ketone and its dilution ratio for toluene is 3.5.
It is a component of solvent mixtures for lacquers and finishes. Other
uses are in extraction processes and in chemical synthesis.

Molecular weight 100.10
Boiling point 118.0°C.
Freezing point - 84.7°C.
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POUNDS PER GALLON
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Ficure 143. Viscosity of Hexone at Various Temperatures.?

Specific gravity 0.8017 at ;80 g
Weight per gallon 6.68 1b. (20° C.)

Vapor pressure 11.2 mm, Hg. (20° C.)
Refractive index 1.3959 (20° C.)

Surface tension 25.4 dynes/cm. (25° C.)
Viscosity 0.00546 poise (25° C.)
Specific heat 0.496 cal./g. (25° C.)
Latent heat of evaporation 86.0 cal./g. at B.P.
Flash-point* 23°C. (74°F.)

*(A. S. T. M. Open Cup)

F1cure 145.

Solubility of 3 Sec. R. S. Nitrocellulose
in Mixtures of Hexone, Butyl Alcohol
and Toluene.®
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o -]
Coefficient of expansion %888} {30(1()5; oCC.:).)t?OZQSOC C.
Solubility in water 1.919, by wt. (20°C.)
Solubility of water in hexone 2.819, by wt. (20°C.)
Kemsolene = 1.1
{Toluene =3.5

Final conc. ¥4-sec.
R.S. nitrocellulose 89,

Dilution ratio
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FiGure 146. Vapor Pressure of Various Ketones at Different Temperatures.®
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sec-Buranot ToLvene

F1GUuRre 147. Solubility of Dry Half-Second R. S. Nitrocellulose
in a System of Methyl Butyl Ketone-sec-Butanol-Toluene?

Diacetone Alcohol

CIi;
Diacetone alcohol, >C(OII)CH,COCH, (diacetone, 4-hydroxy-4-
CHy
methyl pentanone-2, Pyranton A, diacetonyl alcohol, alco, Deo) a ketol
or ketonic alcohol, is an inflammable liquid which, when pure, is colorless
with a mint-like odor. It is made by the condensation of acetone. The
commercial grades contain small quantities of acetone, mesityl oxide and
so forth. Diacetone is miscible with water, alcohols, aromatic and halo-
genated hydrocarbons, esters, etc. It will dissolve natural resins like
copals, elemi, guaiac, manila, mastic, kauri, rosin, sandarac, shellac and
zanzibar, and synthetic resins like Bakelite, benzyl abietate, cumar resins,
ester gum, glyptols, coumarone and so forth. It will also dissolve oils,
fats, tars, cellulose esters, dyes, etc. The unusual solvent power of diace-
tone alcohol is owing to its structure and is consequently of particular value
in the industries. In most respects it is quite similar to acetone with the
difference of a slower rate of evaporation.

Diacetone alcohol is used in cellulose ester lacquers, particularly of the
brushing type. Its presence in the solvent mixture produces a brilliant
gloss and hard film, Numerous solvent mixtures have been proposed
wherein diacetone is one of the component parts, and one in particular com-
prises diacetone, #-butyl alcohol and benzene. It is used as a solvent in
lacquers, dopes and coating compositions for paper and textiles; in making
artificial silk and leather, in the imitation of gold leaf, in celluloid cements
an%dn dyeing mixtures. It finds further application in the extraction of
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resins and waxes; as a preservative for animal tissue; in metal cleaning
compounds, antifreeze solutions, hydraulic compression fluids, in wood
preservatives and in non-aqueous stains,

Diacetone content
Boiling range

Dryness

Acidity

Color

Odor

Weight per gallon
Flash-point

Specific gravity

Water solubility

Distillation range

Melting point
Approximate change in wt.

Saybolt viscosity

Refractive index

Pure

Water-white

7.81 Ibs. (68° F.)
About 55° C. (131°F.)
20° C.

C at 22 L
0.937 10 0.943 at 30°C.
Miscible with distilled

water in all propor-

tions without turbidity

Distills between 130° C.

and 180° C. Approxi-

mately 859, distills be-

tween 150° C. and

170° C. At atmos-
< pheric pressure slight
decomposition  occurs
but at reduced pres-
sures  distillation  can
be accomplished with-
| out decomposition,

- 54°C. to = 57°C.
0.0032 1b./gal./° Y,
{ 113 see. (=~ 12°C.)

674 sce. (- 30°C.)
1980 sce. (— 48°C.)
1.42416 (20° C.)

{

Technical

859,
Theoretical B.P. 164° C.
Decomposesat 120°C.)
Dry against petroleum
naphtha
Neutral
Water-white
Characteristic
7.60 1bs.
36° F.
20° C.

0.915-0.920 at 5

20°C.
Miscible with distilled

water in all propor-
tions without turbidity

Molecular weight 116.12
Boiling point 164° C. to 166° C. (760
mm. Ig.)

3.3 mm. Hg. (20° C.)
§0.9555 g./cc. (0°C.)
10.9306 g [cc. (25°C.)

Vapor pressure

Density

Mesityl Oxide

CHn\
cHy”
propylidineacetone, methyl isobutenylketone] is an unsaturated ketone
made by the dehydration of acetone or diacetone alcohol and it also occurs
in acetone oils. It is a colorless, oily liquid of strong odor. It is miscible
with alcohols and ethers and is an excellent solvent for cellulose esters and
ethers, oils, gums and resins. A number of solvent mixtures have been
proposed containing mesityl oxide, benzene, diacetone alcohol and others.
Lacquers which contain mesityl oxide will yield films which are tough,

Mesityl oxide C: CHCOCH, [4-methyl-3-penten-2-one, iso-
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transparent and glossy. It is used in the flotation of ores, and in paint
and varnish removers.

Boiling point 129.5° C.
Refractive index 1.444 (20° C.)
Specific gravity 0.861

Acetoxime

Acetoxime (propanoxime, acetonoxime-B-isonitroisopropane) is a
ketoxime, having a chloral-like odor. It is soluble in water, alcohols,
ethers and so forth, and is used as an intermediate. Some recent workers
advocate its use as a solvent for cellulose cthers,

Cycric KETONES

The cyclic ketones are remarkable solvents for resins, oils, fats and
waxes. Cyclobutanone and the dimethyl and diethyl derivatives are color-
less liquids, solvents for cellulose acetate, and are used in varnish making.
Cyclopentanone (a dipin-ketone) is a ketonc of adipic acid and it will
dissolve many types of cellulose esters.

Acetophenone

Acetophenone (CglI;COCIT;, phenyl methyl ketone) is a solvent for
cellulose ethers. It is also used in conjunction with alcohol, ketone, ester
and other active solvents.

Boiling point 200° C
Specific gravity 1.031 (15°C.)
The brom, chlor, and nitro derivatives of acetophenone have been pro-
posed as camphor substitutes.

Cyclohexanone

/CI I.—CH,\

Cyclohexanone CH, CO (Sextone, Hexanon, Anon, Pimelin

Nci—cHy”
ketone, keto hexamethylene) is a water-white to pale-yellow, non-inflam-
mable, non-explosive, non-toxic, non-corrosive liquid with an acetone-
like odor, It is a cyclic ketone made by the high-temperature, catalytic
hydrogenation of phenol and by the dehydrogenation of cyclohexanol. It
is miscible in all proportions with most solvents and is a good solvent for
cellulose ethers and esters, basic dyes, fats, blown oils, waxes, crude rubber,
resins like ester gum, Bakelite, albertols, glyptols, rezyls, vinyls, coumarone
resins, cyclohexanone resins, rosin, kauri, elemi, manila, shellac, unrun
copals and so forth. It hasa very high dilution ratio with benzene, toluene
and xylene. Its solvency for basic dyes makes it applicable for use in
wood stains. It is also used in spraying and brushing lacquers, and as a
medium-boiler. Its low rate of evaporation together with its strong
solvent powers impart to lacquers blush-resistance, good flow and working
qualities, and give films which are clear, smooth, glossy and strongly
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adhesive. It is particularly effective for blending nitrocellulose with
spirit-soluble and hydrocarbon-soluble resins and oils. Cyclohexanone
finds application in the air-drying and stoving type of synthetic resins, in
plastics and molding powders, in paint and varnish removers and in spot
and stain removers. It is also used for degreasing metals, as a solvent for
fats, oils, waxes and bitumens; in polishes; as a leveling agent in dyeing;
and finally in delustering silk.

Methyl Cyclohexanone

Methyl cyclohexanone (CH3CsHoCO, methyl anon, Sextone B) is
a water-white to pale-yellow liquid with an odor resembling that of
acetone. It is a mixture of cyclic ketones made by high-temperature,
catalytic hydrogenation of cresols or by the dehydrogenation of methyl
cyclohexanol. It closely resembles cyclohexanone in its physical proper-
ties, miscibility, tolerance for non-solvents and solvent action. As sol-
vents, methyl cyclohexanone and cyclohexanone are interchangeable.
Methyl anon is used to blend pyroxylin with resins, oils and rubber in

TABLE 101.—Solvent Properties Affecting Blush Resistance!

~—Solubility of —— ‘Wet-Bulb

Solvent H:0 in Depression
Solvent in H.O solvent 8 C.)
Acetone Infinite Infinite 30.5
Methyl ethyl ketone 22.6 . 21.5
Methyl propyl ketone 6.0 3.6 12.0
Methyl gutyl ketone 3.44 . 3.70 6.5
Methyl amyl ketone 1.95 2.15 3.0
Ethyl acetate 7.9 3.0s 21.5
n-Butyl acetate 2.3 24 6.5

sFor C.P. product containing no alcohol; commercial material dissolves more water than this.

TaBLE 102,—Blushing Tests on Lacquers Containing Ketones, etc!

Solvent
Standard Formula % by volume
14 grams (wet) Y4-sec. R. S. nitrocellulose 60 toluene
5 grams Ester gum 10 n-butyl alcohol
5 grams dibutyl phthalate 20 ethyl acetate
100 cc. solvent 10 other solvent
Differ- Relative Behavior of Lacquer When Other Solvent Is:
Dry Bulb Wet Bulb ence Humidity MePr MeBu Me Am n-Butyl sec-Butyl
(°F) (°C) (°F) (°C) (°F.) % ketone Lketone ketone acetate acetate
87 30.6 85 294 2 92 - - - - -
87 30.6 84 289 3 89 - - - - -
86 30 83 283 3 89 - - - - -
82 27.8 79 26.1 3 88 - - %= - -
87 30.6 83 283 4 85 - - = =+ -
86 30 82 278 4 85 - ES + = -
85 294 81 272 4 85 - = + = -
83 283 79 261 4 85 - = + = -
87 30.6 82 278 5 81 - £ + = -
85 294 80 26.7 5 81 = + + + =
84 289 79 261 5 80 = + + + +
87 30,6 81 272 6 11+ o+ o+ o+ o+
85 294 79 261 6 77 = HE + ¥
87 30.6 79 26.1 8 70 + + + + +

~—Bad blush; = slight blush; 4 no blush.
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lacquers. Other uses for it are in crystallizing lacquers for the purpose of
retarding evaporation to permit crystal growth, in slow setting varnish
removers, in nitro and acetylcellulose lacquers, and as a solvent for crude
and chlorinated rubber.

TaBLE 103.—Properties of Ketones

Boiling  Flash- . X .
Point  Point Specific ———Dilution Ratio White
©cC) (°C) Gravity Benzene Toluene Xylene Spirits

Acetone 56.5 -16 0(.‘759)7 495 3.65 0.55
Acetonylacetone 1.8
Acetophenone 200.0 1(.03)1
15
Cyclobutanone 99.0 0.930
Cycloheptanone 180.0 0.969
Cyclohexanone 1 :24— 117 0.945 6.5 7.25 7.5 1.25
156
Diacetone alcohol 1?0— 55 0.941 2.75 3.25 2.86
170
Diethyl ketone 101.7 0.814 3.0 07
Di-isobutyl ketone 165.0 1.5 0.6
Di-isopropy! ketone 124.0 0.806
Di-n-propyl ketone 144.0 49.0 0.823 3.1 2.7 09
Hexone 118 23.0 0.802 3.5 1.1
Mesityl oxide 129.5 0.861 3.8 0.9
Methyl acetone 32°F. 0.830 4.7 0.7
Methyl amy] ketone 150.2 411 0.827
Methyl butyl ketone 127.2 228  0.821
Methyl cyclohexanone 1?0- 130 0.925 5.5 5.5 7.0 1.25
170
Methyl cyclohexone 4.5 1.0
Methyl ethyl ketone 79.6 -7.2 0.808 4.3 3.1 0.9
(20
Methyl n-hexyl ketone 3.6 0.9
Methyl isopropyl
ketone 118 0.815 3.6 0.85
Methy! propyl ketone  101.7 0.812 4.0 342 1.0
Tetraethylacetone 203.0

1Park, J. G., and Hofmann, H.
2 Carbide & Carbon Chemicals Corp, New York, N

8 Commercial c»olvents Corporation, New York, N

¢ Remler, R. F., “Acetone:
6 Scheele, W. T., U. S. Patent 1,408,035 (Feb. 1922).

Its Production and Uses.

Literature References
E., Ind. Eng. ChcmY 24, 132 (1932).

National Wood Chemical Association.

¢ Underkofler, L. A., Christcnscn, L. M., and Fulmer, E. 1., Ind. Eng. Chem., 28, 350 (1936).

General References

Merrimac Chemical Company, Everett, Mass.
Shell Chemical Company, San Francisco, Cal.



Chapter 14

Ethers
Ethyl Ether

Ethyl ether [(CoHy)20, ether, sulfuric ether, anesthetic ether, vinic
ether] is a colorless, inflammable, very volatile liquid of pleasant ethereal
odor and is strongly narcotic. It was in 1840 that ethyl ether was first
made from ethyl alcohol and sulfuric acid and with but few improve-
ments this method is still in existence today. Ethyl ether is completely
miscible with alcohol and many organic solvents, It is a very good sol-
vent dissolving many organic substances, among which arc alkaloids, oils,
dyes, fats, gums, resins, nitrocellulose, perfumes, smokeless powder and
so forth. A mixture of ether and cthyl alcohol possesses excellent solvent
propertics for nitrocellulose. This mixture is, and has been, extensively
used in celluloid manufacture. Although ether is used as a general anes-

100,
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TFicure 148, Specific Heat of Ethyl Ether at Various Temperatures.!
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thetic in surgery, the bulk of its manufacture is utilized as a solvent for
nitrocellulose in making artificial silk, gun cotton, collodion and plastics.
An equally important use for ether is as an extracting medium for alka-
loids, fats, oils and waxes, and for the extraction and concentration of
acetic acid. Other uses are as a reagent in Grignard reaction, as a refrig-
erant, in motor fuels and dry-cleaning.

Molecular weight 74.08
Boiling point 34.5°C.
Freezing point -116.2°C. .
Specific gravity 0.7147 at %go g
Weight per gallon 1.3542 (17° C.)
Surface tension 17.0 dynes/cm. (20° C.)
Viscosity 0.00233 poise (20° C.)
Vapor pressure 442 mm, Hg. (20° C.)
Specific heat 0.5476 cal./lg (30°C.)
Flash-point —-40°C.
Heat of combustion 651 kg. cal /mol,
Apparent ignition temperature
in air 190° C.
Latent heat of cvaporation 83.96 cal [y. at B.D.
Electrical conductivity 4 x 1013 recip. ohms (25° (')
Explosive limits in air 2.34-6.159, (20° C.)
Solubility in water 6.89%, by wt. (20° C.)
Solubility of water in cthyl cther 1.269, by wt. (20° C.)
Cocflicient of expansion 0.00164 per 1° C.
.
6
% N
<
W
a
£
>
g AN
>
\K
3 \
I~
2 I
=70 -60 -50 -40 0 10 kd 30

30 20 -10
TEMPERATURE °C

IFF1Gure 149. Viscosity of Ethyl Ether at Various Temperatures.!
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POUNDS PER GALLON
sv]g S842 5925 c_qgg 6092 6176 6259 6342 6426 6510 6593

o

6200 000 100 7200 7300 7600 7700 1800 1900

7400 7500,
SPECIFIC GRAVITY ;L. C
¢
I'taure 151, Specific Gravity and Weight per Gallon of Ethyl
Lther at Various Temperatures.'

Isopropyl Ether

The properties of isopropyl cther are very similar to those of ethyl
cther. It has added qualities of a higher boiling point and lower vapor
pressure, which are of distinct advantage for extraction purposes. It is
miscible with most organic solvents and is a solvent for most types of
oils, fats, waxes and natural and synthetic resins, By adding isopropyl
alcohol to this ether its range of solvency is increased, and in consequence
it will dissolve dycs, cellulose esters and so forth. It is used in extraction
processes owing to the fact that it can be recovered and used over and
over again. These processes include dewaxing, and extraction and recov-
ery of acetic acid. It is also used in paint and varnish removers, in spot-
ting compositions and in rubber cements.

Molecular weight 102.11
Boiling point 67.5° C. (760 mm.)
. . 20° C.
Specific gravity 0.7247 at 20°0C.
Weight per gallon 6.04 (25°C.)
Specific volume 151.6 cc. at B.DP.
Refractive index 1.3678 (23° C.)
Surface tension 32 dynes/sq. ecm. (23° C.)

Viscosity 0.379 centipoise (25° C.)
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Vapor pressure 158 mm. (20° C.)
Specific heat 0.526 cal./g. (22°-27°C.)
Flash-point — 21.5° C. (closed cup)
Solubility Soluble in most organic
liquids.  Insoluble in
water
Heat of evaporation 68.2 cal./g. at B.P.
Freezing point - 60°C.
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METHYL AuconoL DENATURED ALConOL
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Ficure 155. Solubility of #-Second R S. Ficure 156. Solubility of 3-Second R.S.
Nitrocellulose in Mixtures of Methyl Alco- Nitrocellulose 1n  Mixtutes of Denatured
hol, Isopropyl Ether and Benzene.? ﬁlcohol gC. D. No. 1), Isopropyl Ether and
enzene.

[ 1 [ T

0 I I | | | | ! | I

20 40 60 80 100 120 140 160 180 200
Time in Minutes

Ficure 157. Evaporation Rate of Various Solvents at 25° C, in Circulating Air.?

Normal Butyric Ether

Butyric cther [(CHj3)3CHOCH (CHj)z] is a colorless, stable liquid.
It is a solvent for oils, fats and natural and synthetic resins; and at higher
temperatures it will dissolve waxes. It is used in extraction processes
owing to its solvency, high boiling point and stability.

Acidity 0.039% butyric acid (max.)
Boiling range 137-143° C. (760 gnm.)
Specific gravity 0.756-0.771 at gng—

Acetal*

/O . CgH;
Acetal CH,CH: {0 CH,

*The Acetals are cyclic ethers of polyvalent alcohol and are made by condensing ketones or
aldehydes with polyhydric alcohols.

(M.W. 1181, diethyl acetal, «-a,dicthoxy-
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ethane, ethylidene diethylic ether, diethyl aldehyde) is a colorless, mobile,
quite stable liquid of agreeable odor. The solvent properties of acetal
resemble those of a mixture of alcohol and ether. Owing to its property
of taking up water and forming acetaldehyde and anhydrous alcohol, it can
be used in places where anhydrous alcohol is required.

Acetal 97% min.

Boiling point 103.6° C.

Boiling range 97°-112° C.

Metal, chlorine and sulfates None

Wt. per gallon 6.87 lbs.

Specific gravity 0.823-0.826 (20° C.)

Isopropylidene Glycerol

The condensation of glycerol and acetone yields isopropylidene
glycerol:

CH,—0
[ NC . Mey
CH —

CH,—o1
Ethylidene Glycerol

Ethylidene glycerol is made by the adsorption of acetylene by glycerol.
The acetals in the presence of water will dissolve cellulose ethers and
esters, gums and resins.

Various Proposed Ethers

Amyl ether

Benzoic ether

Oxalicether ¢~ .oooiviviiiinann. Solvents for nitrocellulose
Sebacic ether

Valeric ether

Ethyl isoamyl cther
Ethyl isobutyl ether
Methyl isoamy! ether
Methyl isobutyl ether

Dicresyl glyceryl ether

Dighenyl glyceryl ether

Ethyl phenyl ether vev......Solvents for cellulose esters
Clyceryl benzyl ether and ethers

Methyl phenyl ether

B-Naphthyl ether

}. vevev.....Solvents for cellulose acectate

Diphenyl ether
Ethyl naphthyl ether{ ............ Stabilizers for gelatinous ex-
Pentaerythrite ether plosives

Phenyl benzyl ether

Amylidene diethyl ether
Amylidene dimethyl ether

Catechol methyl ether ++.....These are advocated as cam-
Methyl benzyl ether phor substitutes for nitro-
Pyrocatechol ethyl ether and acetyl cellulose
Acetyl diphenyl ether

Amylidene diethyl ether ¢ ....... Camphor substitutes
Amylidene dimethyl ether
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Alkyl benzyl ether |

Aryl benzyl ether § *c*ccerreeee Solvents for cellulose ethers
Benzylidene glycerol Methylene ethylenic ether
Ethylidene glycollic ether Methylene glycerol

Dibenzyl glycol Ethylenc butylidene ethers
Dichlorbenzyl glycol Ethylene ethylidene ethers
Dixylylglycol Tribenzyl glyceryl ethers

Monomethyl Ether of Ethylene Glycol

Monomethyl ether of ethylene glycol (!:H’OH (CH;O0HCH,0CHj,
CH,OCH,

methyl “Cellosolve,” methyl glycol, methoxy ethanol) is a colorless,
limpid, stable liquid having a bland odor. It is miscible with water,
aliphatic and aromatic hydrocarbons, alcohols, ketones, glycols and so
forth. It is a solvent for essential oils, lignin, dammar, elemi, ester gum,
kauri, mastic, rosin, sandarac, shellac, zanzibar, nitro- and acetylcellulose,
alcohol-soluble dyes and many synthetic resins. Carroll® has proposed a
mixture of aromatic hydrocarbons, glycols and glycol ethers as a solvent for
ethyl cellulose. Its solvency for cellulose esters is augmented when a
ketone or a halogenated hydrocarbon is added to monomethyl ether of
ethylene glycol. The uses for methyl *‘Cellosolve’’ are as a solvent in quick-
drying varnishes and enamels, in conjunction with aliphatic, aromatic and
halogenated hydrocarbons, alcohols, ketones and so forth; in solvent
mixtures and thinners for lacquers and dopes; and as a penetrating and
leveling agent in dyeing processes, especially in the dyeing of leather,
animal and vegetable fibers. Other uses are as a fixative in perfumes and
as a solvent in odorless nail-polish lacquers. Methyl “Cellosolve’” should
not be added to nitrocellulose lacquers containing albertols, cumar resins
or ester gum owing to the fact that it will cause incompatibility between
these substances.

METHYL CELLOSOLVE METHYL CELLosouve

A
JAVAVAV,.T:" V"’AVA\AVAVAVAVAVAVAVAVAV) AN
DNNNNNNNNNINT 'AVAVAVAVAVAVAVAVA

DENATURED ALCOWOL ETHYLENE DICHLONOE.
FiGure 158. Solubility of §-Second R.S, Froure 159. Solubility of 3-Second R.S.
Nitrocellulose 1n Mixtures of Methyl “Cello- Nitrocellulose in Mixtures of Methyl *‘Cello-
solve,” Denatured Alcohol and Toluene. solve,”” Denatured Alcohol and Ethylene
I denotes solution commences, II a 10% Dichloride.®

solution easily made.?
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Boiling point

INDUSTRIAL SOLVENTS

Molecular weight 76.06
124.5° C. (760 mm.)
Specific gravity 0.9748 at go g

Weight per gallon
Refractive index

8.111bs (15°C.)
1.4028 (20° C.)

Surface tension 35 dynes/sq. cm. (20° C.)
Viscosity 1 6 centq}gxses (25° C )
Vapor pressure 7.5 mm

Specific heat 0.534 (20°—25° C )

Latent heat of evaporation

Flash-point 32°C
Apparent ignition

temperature in air

135 cal /g (124)5° C. )

288°C. (551°F.)
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Ficure 160. Specific Gravity and Weight per Gallon of Methyl
“Cellosolve” at Various Temperatures.?
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Electrical Conductivity 1.09 x 10-¢ recip. ohms
Solubility Miscible with water and
most organic liquids

Dilution ratios
(approx. 8%, cellulose ester)

V.M. &P
Water Toluene Naphtha
Nitrocellulose 0.25 4,75 0.50
Cellulose acetate 0.15 1.24 0.25
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Nitrocellulose in Mixtures of Methyl “Cello-
solve,” Butyl Alcohol and Ethylcne Dichlo

Ficure 163.

ride.?

METHYL CELLOSOLVE

5
5
Parioae

N

0y
PEUIoaieN
B0M0000
BR0RR00KK
B0
ASRRERNRS
OB
RARK

¢
000
QRN
(00005
ey
GROCROIRER 0
R0

JAVAVAN

Figure 165. Solubility of 3 Second R S

Nitroccllulose in Mixtures of Methyl “Cello-

solve,” 1-4 Dioxane and 80%

Ethylene
Dichloride -+ 20% Denatuied Alcohol *

METHYL Cluosave

VAN
JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
AVAVAVAVAV%V%V AV VAVAVAVAV‘VAVA
JAVAVAVAVAVA®".Y"*7AVAVAVAVAVAY 0"'@
BRRIRRREEERRR
QORI LKL K

ETHYLENE DICHLOAIDE

SOLVATONE

FI1Gure 167, Solubxhti/I of Low Viscosity
Cellulose Acetate 1n ixtures of Methyl
“Cellosolve,” Solvatone and Ethylene Dichlo-
rided  (Sof)

vatone—80% Acetone, 10% Iso-
propanol, 10% toluene.)

INDUSTRIAL SOLVENTS

METHYL CELLOSOLVE

R IRIRERER
[RRFHAAHK LD
LRBUSTTER

V#Vev?

807, LTHYLENT DICHLORDE
207, DENATURLD ALCOHOL.

Solubility of 3 Second R. S
Nitrocellulose in Mixtures of Methyl “Cello-
sollvo,"I Toluene _and 80% Xthylene Dichlo-
ride

Ticure 164,

- 209% Denatured Alcohol.2

AN A\

JAVAVAVAVAY
INNINANN
JAVAVAVAVAVAVA
JAVAVAVAVAVAVAVA\
JAVAVAVAVAVAVAVAVAY
(NINSININININININN
JAVAVAVAVAVAVAVAVAVAVA
AVAVAV‘VAVAVAVAVAVAVAVA
evAv AVAY AVAV#VAVAVAVAVAVA
JAVAVAVAVAVAVAVAVAVAVAVAVAVAY

9'#'9' \/ VAYAVgVAVAVAV#VA VAVAY
N é NN AV%V.‘..AVAVAVA JAVAVAV/
A"Yé AVAVGVA AV#VAVAVAV \\/ QA
BRI
(LR RKRISD
og% ETHYLENE DY(CHLORIDE
20% DENATURCD ALCONOL

CELLOSOVE ATTATE

FI1GUrRe 166. Solubility of Low Viscosity
Cellulose  Acetate 1n_ Mixtutes of

“Cellosolve,” “‘Cellosolve” Acetate and 807
Ethylene Dichloride + 20%
Alcohol,

X JA\
JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA
NN NNININININININININININNININISINA
- o HYLENE O O

Frgure 168. Solubihk{/[ of Low Viscosity
Cellulose Acetate 1n ixtures of Methyl
“Cellosolve,” Toluene, and 80% Ethylene
Dichloride + 20% Denatured Alcohol.2

Methyl

Denatured



ETHERS 311

Monoethyl Ether of Ethylene Glycol

,OH
,0C,H;

Solvulose) is a colorless, stable, narcotic liquid of faint odor. It is com-

CH
Monoethyl ether of ethylene glycol (I:H (ethyl glycol, “Cellosolve,”
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I'icure 169. Viscosity of Aqueous Solutions of “Cellosolve” (99%) at 25° C.2
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CELLOSOLVE

KEMSOLENE. 859, ALcoroL

TOLVENE

Figure 171. Solubility of lSecond R. S.

Ficure 172. Soluhlhty of iSecond R. S
Nitrocellulose in Mixtures of “Cellosolve,” Nitrocellulose in Mixtures of “Cellosolve,”
Butanol and Kemsolene.!2 95% Alcohol and Toluene. ’
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ETHYC ACETATE KEMSOLENE-T ETHVCACETATE TOLVENE

Ficure 173. Solubility of 3-Second R. S. Ficure 174. Solubility of }Second R. S
Nitrocellulose in Mixtures of ‘“‘Cellosolve,” Nitrocellulose in Mixtures of “Cellosolve,”
Ethyl Acetate and Kemsolene T. Ethyl Acetate and Toluene,
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Ficure 175. Solubility of QSecond S.
Nitrocellulose in Mixtures of * Cellosolve,
Butanol, and Toluene.?
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pletely miscible with water and hydrocarbons and is a solvent for natural
and synthetic resins, such as benzyl abietate, copal, cumar resins, dammar,
ester gum, elemi, mastic, sandarac, glyptols, ketone-aldehyde resins, vinyl
resins, cellulose nitrate and some types of cellulose ethers. Cellulose acetate,
however, is soluble in hot monoethyl ether of ethylene glycol or in a mixture
of the latter with an active solvent. “Cellosolve,” owing to its excellent sol-
vent properties for nitrocellulose, its inodorous qualities, and high tolerance
for aromatic hydrocarbons, is extensively used in brushing and commercial
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Figure 176. Vapor Pressure of “Cellosolves” anc( Dichlorethyl
Ether at Various Temperatures.®
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lacquers. It is also used as a mutual solvent for some types of nitrocellu-
lose and resins, some of which are dewaxed dammar, rosin, elemi, elemi-
rosin ester, bleached shellac, shecllac-ester gum, dammar-ester, gum-kauri,
pontianac, manila, glyptols and the oxidized rosin-esters. Its solubility
and clarity of solution are improved by adding either high-boiling alcohols
or csters to monoethyl cther of ethylene glycol. This ether is used in non-
aqueous stains, in varnish removers and cleaning solutions; as a penctrat-
ing and leveling agent in the dycing processes of leather, paper and textiles;
and as a solvent and plasticizer in inks, films, paints, varnishes and plastics
made of cellulose esters and cthers.

Molecular weight 920.08
Boiling point 134.8° C. (7%0 mm.)
. . 15° C.
Specific gravity 0.9360 at 15°°C.
Weight per gallon 7.8 1bs. at %%
Refractive index 1.4060 (25° C.)
Surface tension 32 dynes/sq. ecm. (25° C.)
Viscosity 1.861 centipoises (25° C.)
Vapor pressurc 3.7 mm. Hg. (20° C.)
Specific heat 0.555 (20°-25° C.)
Flash-point 37.5°C. (99°F.)
Fire point 40° C. (104° F.)
Solubility Miscible with water and
most organic liquids
Water 0.30
Toluenc 5.3
Dilution ratios V.M. & P. naphtha 1 05

Final concentration 4-sce.
R.S. nitroccllulose solution,
approx. 89,
Electrical conductivity 6.88 x 107

Diethyl Ether of Ethylene Glycol

Diethyl ether of ethylene glycol is a colorless, limpid liquid of faint
odor. Tt is partially miscible with water, and is a solvent for cumar
resins, dammar, elemi, ester gum, kauri, mastic, shellac and cellulose
nitrate, and will dissolve cellulose ethers when admixed with ethyl alcohol
or ethyl acetate.  Carbide and Carbon Chemicals Corporation has patented
solvent mixtures for cellulose esters composed of monoalkyl glycol ethers,
glycol monoacetate or diacctate, diacetone alcohol and benzene.

Mono-n-Butyl Ether of Ethylene Glycol

Mono-n-butyl ether of ethylene glycol (IYIU)” (butyl “Cellosolve”)
CH,OCH,y

is a colorless liquid of mild odor and low volatility. It is a solvent for

practically all resins, except the Bakelite type, and for nitrocellulose and

some types of cellulose ethers its solvency is rather slow. Owing to its

high boiling point, low rate of evaporation, and strong dissolvent powers,

it is the last portion of the solvent mixture to leave the film and thereby
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produces clear and homogeneous films. It is used in dipping lacquers,
brushmg compositions, in dry-cleaning compounds and in varnish removers.
It is also used as a thinner either alone or in combination with petroleum
hydrocarbons where rapid drying is not essential and where anti-skinning
is desired. Its presence in surface-coating material will both add pliability
and reduce viscosity. In vat dyes and pastes it will prevent spotty print-
ing or dyeing.

Molecular weight 118.11
Boiling point 170.6° C
Specific gravity 09188 at :go ,(
Weight per gallon 7.65 (15°C.)
Refractive index 1.4190 (25°C.)
Surface tension 31.5 dynes/sq. em. (25° C.)
Viscosity 3.318 centiposes (25°C.)
Vapor pressurc 0.12 mm. Hg. (20° C.)
Specific Heat 0.583
Flash-point 60.5° C. (141° F.)
Solubility Miscible with most organic
liquids
140 ]
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Ficure 177. Solubility of Butyl “Cellosolve” in Water
at Various Temperatures.?
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Toluene 3.5
V.M. & P. naphtha 2.2
Dilution ratios Final concentration }4-sec.
R.S. nitrocellulose
solution, approx. 8%,

Electrical conductivity 0.432 x 107 recip. ohms

TaBLE 105.—Properties of ‘‘Cellosolve’” and Its Derivatives?
“Cellosolve” Butyl

*Cellosolve” Acetate *Cellosolve’
Specific gravity (20°/20° C.) - 0.930 0.976 0.902
Refractive index (25° C.) 1.4050 1.4051 1.4169
Boiling point, ° C. 134 153 170
Acidity (as acetic acid), per cent 0.02
Ester content, per cent 95.0
Dilution ratios:

Toluene 5.2 3.0 3.5

Turpentine 1.9 2.8

Petrol (80-130° C.) 0.8 1.5 1.2
Flash-point (open-cup), ° C. 40 53 60
9200 7668
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Ficure 178. Specific Gravity and Weight per Gallon of Butyl
“Cellosolve” at Various Temperatures.
TABLE 106.—Composition of Furniture Lacquers?
Figures in pounds

14-Second nitrocellulose 17 17 17 17
Dibutyl phthalate 3 3 3 3
509, Shellac solution 16 8
40% Kauri solution 5
509% Resin solution 8 8

Standard dammar solution 18
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TABLE 107—Composition of Automobile Lacquers?

14-Second nitrocellulose (dry basis)

Dibutyl phthalate

Blown castor oil (viscosity about 100
to 200 poises)

50% Ester gum solution (in complete
mixed solvent)

509, Elemi solution

409, Pontianac solution (in alcohol)
‘f Kauri solution (in alcohol)

Standard dammar solution

Solvent, gallons

Figures in pounds

Solvent Composition, per cent by Volume

Toluene

Ethyl alcohol

Ethyl acetate

Butyl alcohol
‘“Cellosolve”
““Cellosolve’’ acetate

BUTYL CELLOLOLVE

12 12 12
3 3 3
3 3 3
6
6
8
10 10 10
70 65 20
5 60
15 15 10
10’
5 10 10
5

12
3

3

10

20
10
10

317

10
10

70
15

&:uum. " “mn.uznc
Figure 179. Solubility of 3-Second R. S.

Nllrucellulosc mm Mixtures of Butyl “Cello-
solve,” Butanol and Toluene.?

Butyl Ceuosowve

durmo\. " VARNOLENE

Ficure 181, Solubility of 3-Second S.
Nitrocellulose in Mixtures of Butyl Cello
solve,” Butanol and Varnolene.®

BENATURED Avconn.

Figure 180. Solubility of 4-Second R. S.
Nxtroccllulose in Mixtures of Butyl “Cello-
solve,” Denatured Alcohol and Toluene.?

BUTARGC

TuRPENTINE

Ficure 182, Solubility of 3-Second R. S.
Nitrocellulose 1n Mixtures of Butyl “Cello-
solve,” Butanol and Turpentine.?
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TasLe 108 —Composition of Leather Lacquers?

“Dope’ cotton, 15 to 20 seconds, pounds 12 12 12* 12*
Castor oil, poumlq 6-10 6-10 6-10 6-10
Solvent (scc below), gallons 10 10 10 10
Solvent Composition, per cent by Volume

Benzene 65 35

Tolucne 30 35
Petrol (80-130° C.) 50 25
Alcohol 10 10 20 20
Ethyl acctate 15 15 20 20
¢“Cellosolve' 10 10 10 10

*Non-poisonous

HRREEE!

VARIATION OF SPECIFIC GRaVITY |
WiTH TEMPERATURE .

N A N

2
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s
/1
P

N CELLOSOLVE ACETATE
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i i .
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FFicure 184. Variation of Specific Gravity of “Cellosolves”
with Temperature.*
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TABLE 109.—Composition of Brushing Lacquers?

14-Second nitrocellulose (wet basis, 309,

Figures in pounds

alcohol) 17 21 20 17 17
Blown castor oil 8
Dibutyl phthalate 8 7 8 3 6
Dammar solution 50 25
509, Elemi solution 12
509, Ester gum solution (made in com-
plete brushing lacquer solvent) 15
409, Kauri solution (in alcohol) 30
Solvent, gallons 10 10 10 10 10
Solvent Composition, per cent by Volume
Petrol (80-130° C.) 40 40 40
Xylene (10° C.) 15
Alcohol 20 20 12
Butyl alcohol 10 15 10
Ethyl acetatc 15 15 10 20 15
*Cellosolve 15 25 10 20 15
Butyl “Cellosolve” S 15
Turpentine 10 40
Mineral spirit (substitutc turpentine) 40
I ;l‘mms Rance Cvm!n L
. C”N‘“mf"i:a
4 lmnuch:Ln:u n:nn
33 A 4
i LT T | |/
S R L1 Burtvyi Certosouve
HE
o | A
- | L 4 11
g! = Cevrosorve Acevard
§ 7
3t
I
§ CeLiosove
- T
B 3
Peacent DisTitLco
Ficure 185. Boiling Range of “Cellosolves.”*
TABLE 110.—Composition of Lacquer Thinners?
Per cent by volume
Toluene 70 70
Petrol (80-130° C.) 65
Alcohol 5 5 5
Ethyl acetate 15 20 15
““Cellosolve”’ 5
“Cellosolve” acetate 10 10 5
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TaBLE 111—Composition of High-Gloss Lacquers?

Figures in pounds

14-Second nitrocellulosc (wet basis) 17 17 17
Dibutyl phthalate 5 4 4
Castor o1l 4

Dammar solution 50 36
Ester gum solution 20 16
Elemi solution 20

Solvent, gallons (approx.) N 6 5

Solvent Composition, per cent by Volume

Toluene 30 60 70
Petrol (80-130° C.) 30

Alcohol 10 5
Ethyl acetate 15 10 15
““Cellosolve’ 15 5 5
“Cellosolve' acetate 5 5
Buty! alcohol 20

/ 100

[Frcure 186.

Evaporation Rate of Organic
Solvents at Room Temperature.*

ETwve Accrare

% Loss By EvaporaTion

WL

1032

Evaporation Curves of ORGANK SOLVENTS [i0
CommerciaL Graoc
Pl

T LT

. z s 6 7

3 -
Time 1N HouRs

Diethylene Glycol
CH,OH

CH
Diethylene glycol ’>o (dihydroxy-di-ethyl ether) is a colorless, vis-
CHy
l
CH,0OH
cous, non-corrosive, hygroscopic liquid of faint odor. It is freely miscible
with water, alcohols, glycols, glacial acetic acid, acetone, furfural, pyridine,
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IFicure 189. Surface Tension of Diethylene Glycol-Water Mixtures ?
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chloroform, nitrobenzene, aniline and so forth. It is a solvent for dyes,
oils, gums, resins, nitrocellulose and many organic compounds. It is a
superior solvent to ethylene glycol or glycerin owing to the fact that there
are two alcohol groups and one ether group in the molecule. Because it is
hygroscopic, non-corrosive and miscible with water, it is used as a lubri-*
cant for wool, cotton, rayon, silk and worsted. It is used as a seftener and
finishing agent, imparting thereby a pleasurable feel to fabric. Other uses
are as a mutual solvent in the textile industry for both soaps and textile
oils and as a solvent for basic and vat dycs; for printing and dyeing; a$ a
softener and conditioner in glues, gelatin and casein; in cork compositions,
in Glassine paper, in cosmetics, in soft greases and soluble oils, in straw
products and in vulcanized fiber; and as an antifreeze in refrigerators and
sprinkler systems. One of the its most important uses is as an explosive
in the form of diethylene glycol dinitrate.

Molccular weight 106.08
Boiling point 244.5° C.
Freezing point - 6.5°C,
Specific gravity 1.1212 at 15°C.
15° C.
Weight per gallon 9.35 (15°C.)
Refractive index 1.446 (25°C.)
Surface tension 48.5 dynes/sq. cm. (25° C.)
0.50 poise (15° C.)
Viscosity {0.38 poise (20°C.)
0.30 poise (25° C.)
Vapor pressure 0.01 mm, Hg. (30° C.)
Specific heat 0.5509 (20° C.)
Flash-point 124° C. (255.2°F.)
Apparent ignition temperature
in air 351° C. (663° T.)
Latent heat of evaporation 150 cal./g. at B. P.
Electrical conductivity 0.586 x 10~ recip. ohms
Solubility Completely miscible with
water and most organic
solvents

Monoethyl Ether of Diethylene Glycol

Diethylene glycol monoethyl ether (CoH;OCI,CII,OCH,CII.OH,
“Carbitol”) is a water-white, stable, hygroscopic liquid of a mild, pleasant
odor. It is completely miscible with water and most of the commonly
known organic solvents. Owing to the fact that it contains an ether, alco-
hol and hydrocarbon group in the molecule, it has the power to dissolve
a wide variety of substances, some of which are oils, fats, waxes, dyes,
camphor, natural resins like copal, kauri, mastic, rosin, sandarac, shellac
and several types of synthetic resins. “Carbitol” is used as a solvent for syn-
thetic resins and coating compositions, and in lacquers where high-boiling
solvents are desired. It is used in safety glass manufacture for its solvency
and softening properties, and in dyeing and printing mixtures, textile soaps
and in non-aqueous wood stains for its penetrating virtues. Preparations
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like after-shaving creams, cleansing creams, cold creams, shampoos and
other cosmetics contain “Carbitol” for its cleansing and soothing action. In
lacquers it is used both for its solvency and for its softening effect.

Molecular weight
Boiling point
Freezing point

Specific gravity

Weight per gallon
Refractive index

Surface tension

Viscosity

Vapor pressure

Specific heat

Latent heat of evaporation
TFlash-point

Electrical conductivity
Solubility in water

Dilution ratio

134.11
201.9° C,
<-176°C,
20° C.
0.9902 at 0°C.
8.241b. (20°C)
1.4244 (26°C.)
35.5 dynes/cm. (25° C.)
0.0385 poise (25° C.)
0.13 mm. Hg. (20° C.)
0.552 cal./g. (20-25°C.)
96.3 cal./g. at B.P,
99° C. (210° F.) (A.S.T.M. open cup)
2.5 x 10-8 recip, ohms (25° C.)
Complete

Toluene 1.65
Final conc. Y4-scc.
nitrocellulose 89,

99
q; \
9
a
=
518 N
T
o
13
v
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['p]
66
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VOLUME % CARBITOL

Fiure 192. Specific Heat of “Carbitol”-Water Mixtures (20-25° C)?
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(du Nouy Apparatus—Water=73 dynes/sq. cm.)

Monobutyl Ether of Diethylene Glycol

Monobutyl! ether of diethylene glycol (C,HyOCH,CH,OCH,CH,OH,
butyl “Carbitol”) is a colorless liquid of characteristic butyl odor. It is
miscible in all proportions with water and many organic solvents. As it
is a solvent of the ether-alcohol type, it naturally possesses solvent action
for many substances some of which are oils, dyes, gums, and natural and
synthetic resins. Butyl “Carbitol” is used as a high-boiling solvent in
lacquers, natural and synthetic coating compounds, baking lacquers, printing
inks and dye baths. It is especially useful when combining nitrocellulose
and resins in lacquers, and oils and soaps in textile processing.

Molecular weight 162.14
Boiling point 231.2° C.
Specific gravity 0.9553 at 20°C.

20° C.
Weight per gallon 7.95 1b. (20° C.)
Refractive index 1.4290 (27°C.)
Surface tension 33.6 dynes/em. (25° C.)
Viscosity 0.0525 poise (20° C.)
Vapor pressure 0.06 mm. Hg. (20° C.)
Specific heat 0.546 cal./g. (20-25° C.)
Latent heat of evaporation 61.9 cal./g. at B.D.
Flash-point 110° C. (230° F.) (A.S.T.M. open cup)
Solubility in water Complete

Coefficient of expansion 0.00087 (per °C.) to 20° C.
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Monomethyl Ether of Diethylene Glycol

Monomethyl ether of dicthylene glycol (CH;OCH.CH,OCH.CH-OH,
methyl “Carbitol”) is a water-white, stable, hygroscopic liquid of agrceable
odor. It is completely miscible with most organic solvents and water.
It is a solvent for dyes, oils, fats, waxes, many natural and synthetic resins,
and acetyl and nitrocellulose. It is used as a high-boiling solvent for
printing inks and pastes, and in resin and cellulose derivative protective
coatings.

Molecular weight 1201
Boiling point 193.2° C.

. . 20°C.
Specific gravity 1.0354 at 0°C.
Weight per gallon 8.62 1b. (20°C.)
Refractive index 1.4264 (27°C.)

Surface tension 41.3 dynes/em. (25° C.)

Viscosity 0.0605 poise (20° C.)

Vapor pressure 0.19 mm. Hg. (20°C.)

Specific heat 0.514 cal./g. (23°C.)

Latent heat of evaporation 90.70 cal./g. at B.P.

Flash-point 93° C. (200° F.) (A.S.T.M. open cup)
Solubility in water Complete

Dilution ratio Final conc. ¥4-sec.

{Toluene 2.3
R.S. nitrocellulose 8%,
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diethylene oxide, diethylene ether, diethylene dioxide) is a colorless, stable

liquid of faint, pleasant odor. Chemically it is a di-ether obtained by the
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loss of two molecules of water from two molecules of ethylene glycol. It
is completely miscible with water and most organic solvents. It is a sol-
vent for mincral, vegetable, blown and heat-bodiced oils, and for oil-soluble
dyes. Many waxcs are soluble in cold dioxan but somec require heat for
solution. It is a solvent for such substances as natural resins like dewaxed
dammar, elemi, guaiac, kauri, manila, mastic, pontianac, rosin and shellac,
and for synthctic resins like ester gum, cumar resins, glyptols, some types
of vinyl resins, and cellulose ethers and esters.

A mixture of dioxan and alcohol will dissolve a wide variety of organic
compounds. Dioxan is used as a solvent for various types of cellulose
ester and ether lacquers, as a means of mixing these lacquers with resins,
and in molecular weight determinations. As a mutual solvent it is used
for fats, oils, greases and water. It is a wetting and dispersing agent in
textile processing, dye baths and in stain and printing compositions; and is
also used as a degreasing and scouring agent. Other uses for 1,4-dioxan
are: in cements, clcaning and detergent preparations, cosmetics, deodor-
ants, fumigants, emulsions, glues, paints, polishing compositions and shoe
creams.

Molecular weight 88 06
Boiling point 101.5° C.
Freezing point 11.7° C.
. . 20° C.
Specific gravity 1.0353 at 305G
Weight per gallon 8.61 1b. (20° C.)
Refractive index 1.4221 (20° C.)
Surface tension 36.9 dynes/em. (25° C.)
Vapor pressure 29 0 mm. Hg. (20° C.)
Viscosity 00120 poise (25°C.)
Specific heat 0.420 cal./g. (20° C.)
Ileat of fusion 33.8 cal./g.
Flash-point 18° C. (65° C.) (A.S.T.M. open cup)
Latent heat of evaporation 98.6 cal./g. at B.P.
Heat of combustion §(5)80 l()kgé (;:zzl./molg ) b0 20°C
s . .001030 (per ° C.) to 5
Coeflicient of expansion 10.001070 (per ° C.) to 55° C.
Electrical conductivity <2 x 1078 recip. ohms (25°C.)
Solubility in water Complete

TaBLE 112.—Evaporation Rates of Various Solvents?
(Amount of solvent used, 3 cc.)

Evaporation Evaporation
ime mme
Solvent* (Hours) Solvent* (Hours)
n-Butyl acetate 3% 859, sec-butyl acctate 3%
0, .
259, sec-butyl acetate 4 15% sec-hexyl acetate
75Y%, sec-amyl acetate Pentacctate 54
50Y%, sec-butyl acetate 334 Butyl propionate 514
507 sec-amyl acetate 509, sec-butyl acetate S5Y
759, sec-butyl acetate 3 509, sec-hexyl acctate
0 -

257 sec- amyl acetate 609, sec-amyl acetate 5%
659, sec-butyl acetate 3 409, sec-hexyl acetate
35% sec-amyl acctate 3314 9, sec-butyl acctate 51
409, ethyl acetate 3Y 33149, sec-amyl acctate
609, sec-amyl acetate 3314 % sec-hexyl acetate

*The proportions used were per cent by volume.
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TABLE 113.—Physical Propertics of Some Polyglycols
and Their Ethyl Ether Derivatives?

Refractive
Boiling point . index
Compound (769’ %m ) Spiglgi;;sg"r aaxty (;g") (a:t

Diethylene glycol 245 1.132 (0° C.)
Triethylene glycol 276 1.138
Tetraethylene glycol 230 (25 mm.)
Diethylene glycol monoethyl ether 198 0.9996 1.4240
Triethylene glycol monoethyl ether 248 1.0566 1.4389
Tetraethylene glycol monoethyl

ether (approx.) 284 1.4389 1.4499

TABLE 114.—DPhysical Properties of the Monoalkyl Ethers of Ethylene
and Propylene Glycols?

Boiling point* gslgevcxlf;? Refr?gt;;r:;index
Monoalkyl Ether °C. 15°/15° C. 26° C.
Lthylene Glycol
Methyl 124.5 0.9748 1.4004
Ethyl 134.8 0.9360 1.4042 (24°C.)
Isopropyl 144.0 0.9139 1.4080
n-Propyl 150.0 0.9110 1.4125
Isobutyl 158.8 0.9130 1.4135
n-Butyl 170.6 0.9188 1.4177
Tsoamyl 181.0 09000 14198
Propylene Glycol
Methyl 122.8 0.9335 1.4035
Ethyl 133.0 0.9090 1.4061
Isopropyl 141.5 0.8900 1.4062
n-Propyl 150.0 0.8970 1.4102
Isobutyl 161.3 0.8810 1.4112
n-Butyl 170.6 0.8890 1.4151
Isoamyl 183.3 0.8835 1.4182

236 *Boiling point of monoalkyl ethers of ethylene glycol at 743 mm. pressure, of propylene glycol at
mm,

Ficure 222,

Solubility of Cellulose Acetate in Mix-
tures of 1,4-Dioxane, Denatured Alcohol
and Toluene. ©Good Solvent Mixture
for Lacquers wiz., 50% Dioxane, 20%
Alcohol, 30% Toluene.?
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Chapter 15
Esters

Formic EsTERS
(HCOOR)
Methyl Formate

Methyl formate (HCOOCH;) is a colorless, inflammable liquid.
Mork ! believes it to be a more powerful solvent for cellulose derivatives
than is acetone. Methyl formate will dissolve cellulose ethers and esters
and will do this more readily when it is mixed with other solvent esters
or the less volatile halogenated hydrocarbons. It is used as a fumigant
and larvicide in the treatment of tobacco, dried fruit, cereals and so forth.
It has also been suggested as an engine fuel when it is first admixed with
other combustible materials.

Purity 95% to 1009, ester, by weight
Specific gravity 0.950 to 0.980 at —g%
Acidity Neutral to methyl orange. (Me-

thyl formate hydrolyzes in
the presence of water.)

Color Water-white
QOdor Plcasant, ethereal
Water No turbidity when 1 vol. is

mixed with 19 vols. of 60° Bé.
gasoline at 20° C.
Distillation range

Below 31.5° C. None

Above 35.0° C. None
Solubility in water 309, by volume (20° C.)
Melting point —99.8°C.
Boiling point 31.8°C.
Flash-point “—6302°CC. (&)35.6° F}%

.0°C. = mm. Hg.

Vapor pressure at 135.8° C. = 600 mm. Hg.
Molecular weight 60.031
Weight per U.S. gallon 8.03 1bs. (68°T.)

Ethyl Formate

Ethyl formate (HCOOC:H;, Formosol) is a water-white, highly vola-
tile, unstable liquid of a pleasant aromatic odor. It is miscible with ben-
zene and is soluble in nine parts of water at 18° C. Ethyl formate is a
powerful solvent for cellulose nitrate and acetate and yields solutions of
unusually low viscosity which have a tendency to chill. It is used as a
solvent for cellulose in combination with solvents of higher boiling points
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and lower evaporation rates. It is also used as an acetone substitute, a
fumigant and larvicide for the treatment of tobacco, cereals, dried fruit,
and similar products, for medicinal purposes and in synthetic flavors.

Purity 959%, to 1009, cster.oby weight
Specific gravity 0.900 to 0.930 at 20 g
Acidity Necutral to methyl orange.
(Ethyl formate hydrolyzes in
the presence of water.)
Color Water-white
Odor Pleasant, aromatic
Distillation range
Below 51° C. None
Above 55° C. None
Solubility in water 109, by volume (20° C.)
Melting point -~ 80.5°C.
Boiling point 54.3°C

—19.5°C. (= 3.1° 1)

§20.6° C. = 200 mm. Hg.
130.2° C. = 300 mm. Hg.
74.046
7.61 1bs. (68° F.)

Flash-point
Vapor pressure

at

Molecular weight
Weight per U.S. gallon

Butyl Formate

Butyl formate (HCOOCI1,CH,CH,CH};) is a colorless liquid, miscible
with alcohols, ethers, oils, hydrocarbons and so forth. It will dissolve
cellulose nitrate, some types of cellulose acetate, and many cellulose ethers.
Butyl formate will also dissolve many natural and synthetic resins such
as copals, dammar, elemi, mastic, shellac, benzyl abietate, cumar resins,
ester gum and glyptols in the presence of ethyl alcohol. This ester is
employed as a solvent in lacquers owing to its virtue of imparting great
strength to a film. It is also used as an intermediate and in perfumes.

Acidity 0.029%, max.
Ester content 859%, min.
Boiling range 96-110° C.
Specific gravity 0.885-0.9108

Amyl Formate

Commercial amyl formatc (HCOOC;H;;) is an anhydrous, colorless
liquid composed of a mixture of isomeric amyl formates with the isoamyl
formate in predominance. This mixture is miscible with oils, hydrocar-
bons, alcohols, ketones and so forth. It is a solvent for cellulose esters,
benzyl abietate, cumar, copal, gum esters, mastic, etc. It is able, when
mixed with an alcohol, to dissolve shellac and glyptols. It is a less
odoriferous and more energetic solvent than amyl acetate, and is conse-
quently more desirable in many industries especially in the manufacture
of leather cloth. It also has both a lower boiling point and a greater speed
of evaporation. n-Butyl acetate and amyl formate have similar volatility
and have substantially the same solvent power which permit free inter-
change of these only as far as these properties allow.
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Amyl formate, when in combination with other solvents, is used in
film manufacture, as a precipitant for cellulose formate and phosphofor-
mate and in the manufacture of celluloid substitutes.

Acidity 0.05%, max.
Boiling point 130.4° C.
Boiling range 110-130° C.
Flash-point 80° F.
Specific gravity 0.880-0.885

Benzyl Formate

Benzyl formate (CsHzCH,OOCH) is a colorless liquid with an odor
suggestive of leather. It is miscible with alcohols, ketones, oils, aromatic,
aliphatic and halogenated hydrocarbons. It resembles benzyl acetate in
many respects but differs in its greater volatility. Benzyl formate is a sol-
vent for nitrocellulose, acetylcellulose, and some cellulose ethers, benzyl
abietate, ester gum, copal ester, cumar resins, glyptols and so forth.

Glycol Formate

The I. G. Farbenindustrie 2 have proposed a number of glycol and
glyceryl formates as solvents and plasticizers for cellulose ethers and esters.
Some of these are composed of glycol mono and diformates, glyceryl for-
mates, propylene glycol mono and diformates, and the glyceryl, erythritol,
and sorbitol formates, acetates, benzoates, oxalates, succinates and
phthalates.

Wolff # has suggested Hexalin and Heptalin formates as solvents for
cellulose derivatives.

Specific Gravity Boiling Range
Hexalin formate 0.973 150-159° C.
Hexalin acetate 0.966 164-180
Heptalin formate 0.959 173-185
Heptalin acetate 0.941 176-193

Acetic Esters

The acetic esters (CH3COOR) are an important class of liquids used
widely as direct and adjuvant solvents. They are colorless, stable liquids
of characteristic odor. The solvency of any member of this group
decreases as the molecular weight of the alkyl group increases. Other
characteristics are dependent upon the kinds of alkyl, aryl or aralkyl
groups that are combined with the acetate radical.

Methyl Acetate

Methyl acetate (CH3COOCH;) is a water-white, unstable liquid of
fragrant odor. It is quite similar to acetone in many respects especially
in its hoiling-point, solvent-power and miscibility; but it differs from
acetone in its instability, which consequently limits its use in the industries.
Methyl acetate is used in lacquers, paints, varnishes and enamels, and
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as a substitute for acetone in many preparations. It is usually admixed
with high-boiling solvents, latent and non-solvents. It is also used in cos-
metics, dyes, dopes, flavoring extracts, perfumes, plastics and synthetic
finishes. It will completely dissolve cellulose nitrate and acetate, ethyl
cellulose, ester gum, rosin, cumar, elemi, amberols, resyls, corn oil, linseed
oil, castor oil, neatsfoot oil, chinawood oil and cottonseed oil. It will
partially dissolve shellac, manila, dammar, pontianac, Beckacites and

glyptols.

99 % Technical 82-85%
Acidity 0.0059, as acetic acid 0.005%, as acetic acid
Color Water-white Water-white
Non-volatile matter Not more than 0.005 Not more than 0.005
gram per 100 cc. gram per 100 cc.

. . 20° C. 20° C.
Specific gravity 0.930-0.940 at 20°C 0.905-0.910 at 30°C.
Boiling range 55° C.-58° C. (760 mm.) 53° C.-56° C. (760 mm.)
Boiling point 57°C. 54° C.

Iron None None
Chloride None None
Average weight per gallon 7.8 lbs. 7.54 1bs.
Solubility in water 249, (20° C.) Miscible
Solubility in 60° Bé. gasoline Miscible Miscible
Toluene dilution ratio 2.3 2.3
Water None None

Methyl Chloracetate

Methyl chloracetate has been proposed as a solvent but its instability
restricts its wide use.

Ethyl Acetate

Ethyl acetate (CH3COOC.Hs, acetic ether, vinegar naphtha) is a
water-white, inflammable liquid of a pleasant, fruity odor. It is miscible
with most organic solvents such as alcohols, ketones, esters, aromatic,
aliphatic and halogenated hydrocarbons, and will tolerate a fairly large
amount of lacquer diluents. Like methyl acetate it has a wide range
of solubilities and possesses the unique property of dissolving nitro and
acetylcellulose and cellulose ethers, yielding solutions of low viscosity.
Its solvent power for cellulose derivatives is much improved by the addi-
tion of a small quantity of alcohol. It is considered one of the best sol-
vents for nitrocellulose. Ethyl acetate will dissolve oils, fats, waxes, gums,
and natural and synthetic resins. Owing to its high solvency for nitro-
cellulose, ethyl acetate is used in the manufacture of artificial hair, leather,
silk, cements, celluloid substitutes, dopes, varnishes, transparent wrapping
paper, coated paper, polishes, plastics and varnish removers. It is also
used in organic synthesis; in making dyes, drugs, flavors, perfumes, esters,
phosgene gas, medicinals, smokeless powder, rayon and cleaning prepara-
tions for textiles; and in the extraction of acetic acid from aqueous solu-
tions. Other proposed acetates are chlorethyl acetate, ethyl methyl propyl
acetate, ethyl propyl methyl acetate, etc.
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Acidity
Color

Distillation range

Dryness

Non-volatile matter

Odor
Purity

Specific gravity

Blush resistance at 90° %
(109, V4-sec. R.S. nitro-
cellulose solution)

Cocfficient of expansion

Dilution ratio .
(nitrocellulose solution

ESTERS

Properties of Ethyl Acetate

9%
Free acid as acetic, not
more than 0.01%,
Water-white
Below 75°C. ....None
Above 80°C..... None

Miscible without turbidity
with 10 vols. 60° Bé.
gasoline at 20° C.

Not more than 0.003 gm./
100 cc.

Mild, non-residual

Ester content as ethyl ace-
tate, 99-100%,

20° C.
0.900-0.904 at ~——" 20°C.

Relative humidity:

Clear
55%

0.00074/1° F.

0.00133/1° C.

3.0 with toluene

1.0 with petroleum naphtha

Blush
60%

351
Commercial 85-88%
Free acid as acetic, not
more than 0.02%,
Water-white
Below 70° C. ....None
Below 72° C. ....Not more
than 10%,
Above 80°C..... None

Miscible without turbidity
with 10 wvols. 60° Bé.
gasoline at 20° C.

Not more than 0.003 gm./
100 cc.

Mild, non-residual

Ester content as ethyl ace-
tate, 85-889%,

20° C.

0 882-0.886 at s——- 0°C

Reclative humidity:

Clear
45%

0.00073/1° F.

0.00131/1° C

3 5 with toluene

1.1 with petroleum naphtha

Blush
50%

method)
Evaporationrateat 95° F.
Per cent 25 50 75 90 95 5 25 50 75 90 95
Minutes }/ 114 334 614 934 10} Y4 114 334 634 915 11Y4
Flash-point 26° . (approx.) 26° F. (approx.)
Vi it d i 33 32
Contipoises
(10% Y4-sec. R.S.
n.ltrn;cellulose solu-
tion
Water solubility At 25°C., 100 cc. solvent At 25°C., 100 cc. solvent
dissolves 3.5 cc. water dissolves 11.2 cc. water
ErvL AceTate ETHYL ACETATE.
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Ficure 230.

Solubility of
Nitrocellulose in Mixtures o
Ethylenc Dichloride, and Denatured Alcohol.®
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Figure 231.
Nitrocellulose 1n Mixtures o
Toluene, and Ethylene Dichloride.5
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Solubility of 4-Second R. S. Nitro-
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n-Propyl Acetate

n-Propyl acetate (CH3COOC3H;7) in commerce is the acetylated,
lighter fraction of fusel oil. It exists as a mixture of propyl, butyl and
amyl acetate. The properties of #n-propyl acctate are, approximately,
intermediate between those of ethyl and n-butyl acetates. It is miscible
with alcohols, ketones, esters, oils and hydrocarbons and is a good solvent
for nitrocellulose and a wide range of cellulose derivatives, especially
when it is admixed with the aromatic hydrocarbons or the lower aliphatic
alcohols. It will also dissolve natural and synthetic resins like benzyl
abietate, elemi, cumar resins, ester gum, manila, mastic, rosin and sandarac.
It is used in organic synthesis and, in combination with other solvents, in
cellulose ether lacquers and plastics. It is a colorless liquid of pleasant
odor.

Boiling point 101.6° C.
Flash-point 12°C.
Specific gravity 0897
Isopropyl Acetate
/C}L

Isopropyl acetate CH.COOCH
. N\cH,
ties which resemble those of ethyl and butyl acetates but actually it is
intermediate between the two. It is miscible with most of the common
organic solvents such as alcohols, ketones, csters, oils, hydrocarbons and
so forth. It is a solvent for nitrocellulose, ccllulose acetate (of low vis-
cosity), and a wide range of oils, fats, waxes, gums, and natural and syn-
thetic resins Isopropyl acetate, like n-propyl acetate, responds by an
increased solvent-power for cellulose esters when aromatic hydrocarbons
or lower aliphatic alcohols are added. It is largely used as a solvent in
the manufacture of artificial leather and silk, dopes, films, lacquers and
plastics. It is also used in organic synthesis, in synthetic perfumes, and
in the recovery of acetic acid from aqueous solutions. The use of chlor-
propyl acetate as a solvent for ccllulose esters has been advocated.

is a water-white liquid with proper-

150PROPYL ACETATE

Ficure 237.

Solubility of #-Second R. S. Nitro-
cellulose in Mixtures of Isopropyl Ace-
tate, Butyl Alcohol, and Toluene.’

BUTYL ALCOMOL TOLVENE
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Properties of Isopropyl Acetate

Molecular weight 102.08
Boiling point 88.8° C.
Freezing point —-73.4°C.
Specific gravity 0.8736 at EQZ—(—:—

20° C.
Weight per gallon 7.28 1bs. (20° C.)
Refractive index 1.3770 (20° C.)
Surface tension 24.5 dynes/cm. (25° C.)
Viscosity 0.00525 poise (20° C.)
Vapor pressure 48.5 mm. Hg. (20° C.)
Specific heat 0.521 cal./g. (15-25°C.)
Flash-point 8°C. (46.4°F.)
Latent heat of evaporation 78.2 cal./g. at B.P.
Solubility in water 4.5% by wt. (27°C.)
Solubility of water in

isopropyl acetate 1.259% by wt. (27°C.)



ESTERS 357

Electrical conductivity 5.7 x 107 recip. ohms (25° C.)
Tolucne 2.7

Dilution ratios V.M. & P. naphtha 0.92
inal conc. ]/2'35(‘0.
R.S. nitrocellulose 87,

>
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Ficure 239. Viscosity of Isopropyl Acetate at Various Temperatures.®
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Normal Butyl Acetate

Normal butyl acetate (CH3COOCH.CH:CH,CHj3) is a water-white
liquid of a characteristic fruity odor which is less pronounced than in
amyl acetate. It is miscible with alcohols, ketones, esters and most of the
common organic solvents. n-Butyl acetate is a solvent for nitrocellulose
and cellulose ethers especially when it is previously mixed with active or
latent solvents. When it is used in combination with 20 per cent of butyl
alcohol the mixture will dissolve the less highly polymerized glyptol resins,
and shellac. It will dissolve oils, fats, waxes, metallic resinates, benzyl
abietate, camphor, cumar resins, dammar, ester gum, ketone-aldehyde
resins, elemi, kauri, manila, mastic, pontianac, rosin, sandarac and vinyl
resins. n-Butyl acetate is classed among the very good solvents for nitro-
cellulose owing to its power to impart low viscosity, gum-compatibility and
good working qualities. The commercial grade is composed of lower-boil-
ing aliphatic esters which accordingly adds to its solvent power. Its vola-
tility meets the demands for a lacquer solvent in that it is sufficiently high
to leave the film readily and at the same time low enough to prevent blush-
ing. When it is used together with butyl alcohol the combination pre-
vents gum-blush, cotton-blush and chilling. The bulk of n-butyl acetate
is used as a solvent in the manufacture of artificial leather and coatings,
enameled leather, coated paper and textiles, films, lacquers, plastics, pol-
ishes and safety glass. Other uses are as an extracting solvent for cam-
phor, drugs, mineral and vegetable oils, perfumes, pitches, resins and gum
rubber; as an ingredient in perfumes and flavoring materials; and as a
dehydrating agent.

Purity 889, to 929, ester, by wt.

Specific gravity 0.872 to 0.880 at gg 8
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Less than 0.03%, as acetic acid.
Acidity Not more than 0.28 mg. KOIL
required for ncutralization of
Water stcxble without turbidity in all
proportions with 60° Bé. gaso-
line at 20° C.
Non-volatile matter Not more than 0.005 gram when
100 cc. are evaporated and
heated to constant weight at
100° C. to 110° C,
Color None
Distillation range
Below 110° C. None
Below 120° C. Not more than 15%,
Above 127°C Not less than 709,
Above 145° C. None
Odor Mild, non-residual
Flash-point 26° C.
Weight per U.S. gallon 7.30 1bs. (68° F.)
Approx. change in wt. 0.0049 1bs./gal./° F
Solubility in water 0.59%, by vol. (25°C.)
Solubility of water in
butyl acetate 1.69, by vol. (25° C.)
POUNDS PER GALLON
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Ficure 244. Specific Gravity of Butyl Acetate at Various Temperatures.®
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Molecular weight

Melting point

Boiling point

Latent heat of vaporization
Critical temperature

Vapor pressure

INDUSTRIAL SOLVENTS

126.5° C.
73 8 cal./g. (124° C.)
306° C.

{ 3.0 mm. Hg. (0° C.)

15.0 mm. Hg. (25°C.)
45 0 mm. Hg. (50° C.)
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FIGure 245, Viscosity of n-Butyl Acetate at Various Temperatures.®
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Ficure 246. Solubility of %-Second R. S.
Nitrocellulose in Mixtures of Butyl Acetate,
Butyl Alcohol, and Toluene.®
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Ficure 247. Solubility of i-Second R. S.
Nitrocellulose in Mixtures of Butyl Acetate,
Butyl Alcohol, and Ethylene Dichloride.
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Secondary Butyl Acetate

CH,
Secondary butyl acetate CH;COOCH< (acetic acid isobutyl ester)

C,H,
is a colorless, inflammable liquid of a fruity odor. Its miscibility and
solubility are similar to those of n-butyl acetate. However, it has a lower
boiling range, it imparts less blush-resistance and it evaporates with greater
rapidity. It can be used in place of n-butyl acetate but other solvents
must be added to compensate for its quicker rate of evaporation and other

differing physical characteristics.

Acidity Not more than 0.03%, frce
acid as acetic
Color Water-white

Distillation range
Below 104° C.
Below 111° C.
Below 114° C.
Below 118° C.
Above 130° C,

None

Not more than 109,
Not more than 609,
Not less than 909,
None

Dryness

Non-volatile matter
Odor
Purity

Specific gravity

Blush resistance at 90° T,
(109%, ¥4-scc. R.S. nitroccllulose
solution)
Relative humidity

Cocfficient of expansion

Dilution ratio
(nitrocellulose solution method)

Evaporation rate at 95° F.
Per cent
Minutes
Flash-point
Viscosity
(109, V5-scc. R.S. nitroccllulose
solution)
Water solubilily

Miscible with turbidity with
20 vols. 60° Bé. gasoline
at 20° C.

Not more than 0.005 g./100 cc.

Mild, non-residual

85-889, cster content (as
butyl acetate) .

20° C.
0.862-0.866 at 20°C.

Clear  Blush

5% 80%
§0.00063/1° F.
10.00113/1° C.

2.8 with toluene

1.4 with petroleum naphtha

5 25 5 75 90 95
15 334 8l 1314 1634 18
66° F.

49 centipoises

100 cc. solvent dissolves 2.5
cc. water (25°C.)

Isobutyl Acetate
ClII,
is a colorless liquid of a mild and
NcH,
pleasant odor. It is present in commercial grades of amyl acetate. It has
similar properties of solubility and miscibility to normal and secondary
butyl acetates. Solutions of nitrocellulose in isobutyl acetate have a
lower viscosity than solutions of cellulose nitrate in n-butyl acetate. Iso-

Isobutyl acetate CHs;COOCH,CII
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butyl acetate owing to its tendency to cause chilling in lacquers should be
mixed with amyl acetate.

Ester content 95-1009,
Boiling range 110-118° C.
Flash-point 18°C.
Refractive index 1.392 (approx.)
Specific gravity 0.868-0.875

Amyl Acetate

Amyl acetate (CH3COOC;H;;, banana oil, amylacetic ether, isoamyl
acetate, pear oil) is a colorless, inflammable liquid of a banana- or pear-
like odor. Its objectionable odor is tolerated for its exceptional solvent
power. It stands indisputably first for its value to the cellulose nitrate
industry. The amyl acetates are made by the acetylation of the alcohols
obtained from fusel oil or those made synthetically from the olefin frac-
tions of gasoline. Commercial grades of amyl acetates contain the fol-
lowing esters: n-propyl, isobutyl, isoamyl, amyl, n-hexyl, and n-heptyl
acetates. The technical grade of synthetic amyl acetate contains only the
isomeric forms of amyl acetate. These mixtures are miscible with oils,
hydrocarbons, alcohols, ketones, esters and so forth.

Amyl acetate is a good solvent for cellulose esters and ecthers and in
combination with ethyl alcohol its solvency is increcased. It will also dis-
solve such substances as albertols, benzyl abietate, camphor, cumar resins,
elemi, ester gums, copal ester, copals, dammar, ketone-aldehyde resins,
kauri, linoxyn, mastic, rosin, sandarac, tannins, vinyl resins, waxes and
zanzibar; and when amyl acetate is mixed with alcohol, it will dissolve
glyptol resins. Amyl acetate is used extensively as a solvent for cellulose
derivative lacquers owing to its solvency and its power to impart blush-
prevention, good flow, gloss and toughness. It is also employed in making
gun-cotton, smokeless powder, artificial leather and pearls, waterproofing
compositions, varnishes, bronzing liquid, films, celluloid, rayon, linoleum,

Acidity

Color
Distillation range

Below 110° C.
Below 120° C.
Below 130° C.
Below 140° C.
Above 150° C.

Dryness

Non-volatile matter

Odor

High Test

Commercial

Free acid as acctic

Technical

Not more than

03%
Water-white

None

Not more than 109},

Not more than 409,

Not less than 609,

None

Miscible  without
turbidity with
20 vols. 60° Bé.
gasoline at 20° C.

Not more than
0005 g./100 cc.

Mild, non-residual

Not more than

03%
Water-white

Not more than 159,
Not more than 309,
Not more than 559,
Not less than 809,
None
Miscible  without
turbidity with
20 vols. 60° Bé¢.
gasoline at 20° C.
Not more than
0.005 g /100 cc.

Mild, non-residual

Not more than

0
Water-white

None

Not morethan 109,

Not more than 609,

Not less than 909,

None

Miscible  without
turbidity with
20 vols. 60° Bé.
gasolineat 20° C.

Not more than
0.005 g./100 cc.

Mild, non-residual
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oil-cloth, fruit flavors, soft drinks, food preparations, confectionery, per-
fumes, soap solvent and in photoengraving.

Purity

Specificgravity zg: g

Blush res1stance

at 90° F.
(10% Y4-sec. R.S.
nitrocellulose
solution)
Coefficient of ex-
pansion
Dilution ratio
(nitrocellulose
solution method)
With tolucne
With petroleum
naphtha
Evaporation rate
at 95°F
Per cent
Minutes
Per cent
Minutes

Flash-point

Viscosity
(109, V4-sec. R.S.

nitrocellulose
solution)
Water solubility

100 cc. solvent dis-
solves 1.8 «cc.

water (25° C.)

Secondary Amyl Acetate
Secondary amyl acetate is made from the secondary amyl alcohols

(pentanol-2 and pentanol-3) by acetylation.

100 cc. solvent dis-
solves 2.4 cc.
water (25°C.)

High Test Commercial Technical
Ester content as amyl acetate
85-88%, 85-889%, 90-959,
0.859-0.863 0.857-0.865 0.866-0.870
Relative Humidity
Clecar Blush Clear Blush Clear Blush
85% 90% 80% 85% 85% 90%
0.00066/1° F. 0.00066/1° T 0.00061/1° F
0.00119/1°C 0.00119/1° C 0.00110/1° C
25 2.7 2.6
1.4 14 1.4
25 50 5 25 50 5 25 50
1/ sy 18/ 1 6 154 14 7 154
75 75 90 95 75 90 95
30 45 51/ 2815 41y 47Y% 2534 35 40
84° F. (approx.) 63°F. (approx.) 79° F. (approx.)
Centipoises
- 61 43 60

100 cc. solvent dis-
solves 1.6 cc.
water (25°C.)

Its solvent power and other

properties are similar to those of amyl acetate with the exception of its

lower tolerance for diluents.

Acidity
Color

Its odor, too, is less irritating.

Not more than 0.03%, free acid

as acetic
Water-white

Distillation range
Below 123° C.
Below 126° C.
Below 132° C.
Below 140° C
Above 145° C

Dryness

Non-volatile matter
Odor

None

Not more than 109,

Not more than 609,

Not less than 909,

None

Miscible without turbidity with
20 vols. 60° Bé. gasoline at
20°C.

Not more than 0.005 g./100 cc.

Mild, non-residual
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Purity 85-889, ester content (as amyl
acetate)
Specific gravity 0.862-0.866 at ?ﬂ-
20° C.

Blush resistance at 90° F.
(10% Y4-sec. R.S. nitrocellulose

solution) Clear Blush
Relative humidity 85%, 90%,
. . 0.00060/1° F.
Coefficient of expansion 0.00108/1° C.
Dilution ratio 2.1 with toluene

(nitrocellulose solution method) 1.1 with petroleum naphtha
Evaporation rate at 95° F.

Per cent 5 25 50 75 90 95
Minutes 14 714 1515 2414 3015 3334
Flash-point 89° F. (approx.)
Viscosity 75 centipoises
(109% Y4-sec. R.S. nitrocellulose
solution)

Water solubility 100 cc. solvent dissolves 0.8 cc.
. water (25°C)

Pent-Acetate

Pent-acetate is a mixture of five isomeric amyl acetates with some
amyl alcohol. These esters are prepared from synthetic amyl alcohol and
the solvent power of the mixture is similar to that of amyl acetate.

CH;CH,;CH (CH,)CH,OI1 128° C.7
(CH,;),CHCH,CH,0H 131°
CH,CH,CH,CH,CH,OH 136°
CH;CH,CH(OOCCH,)CH,CH; 132°
CH,CH(OOCCH,)CH,CH,CH, 134°
CH,CH,CH(CH,;)CH,00CCH, 142°
(CH,),CHCH,;CH,;00CCH, 142°
CH,CH,CH,CH,CH,00CCH, 148°
Color Water-white
Specific gravity 0.858-0.866 (20° C )
Acidity Less than 0.039%, free acid as acctic
Water content None
Ester content Above 85%,
Non-volatile Less than 0.02%, (100° C.)
Petroleum and coal tar hydrocarbons 0.0000%
Weight per gallon 7.2 1bs.
Distillation
1009, Above 126° C.
959, Above 130° C.
75% Above 135° C.

%o . Above 140° C.
End Point Not above 150° C.
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TasLE 115.—Dilution Ratios with Nitrocellulose*

Solvent Z’; gglt:::el
Ethyl lactate

“Cellosolve”

“Cellosolve” acetate

Butyl propionate

Amy] acetate

Butyl *“Cellosolve”

Butano!
% Dryoline

Solvent

Lthyl lactate
“Cellosolve”
“Cellosolve’ acetate
Butyl propionate
Amyl acetate

Butyl “Cellosolve”

0
100

6.0
6.0

Diluent Mixture®
20 40 60 80
80 60 40 20
18.0 30.0 35.0
11.0 19.0 15.0
8.5 22.0 180
7.5 160 17.5 16.0
5.0 10.0 18.0 15.5
7.4 116 85 6.0

21.0
11.0
12.5

Diluent Mixture®

20 40 60 80
80 60 40 20

108 15.5
20 42 54 72
1.7 32 50 70
30 38 60 95
26 48 6.6
21 21 38 4.2

Lacgquer Thinners®

Ethyl lactate
Ethyl acetate
Butyl acetate
Butyl alcohol
Toluene
Petroleum

Ethyl lactate
Di-acetone alcohol
Butyl acetate
Butyl alcohol
Toluene
Petroleum

10
10
10
70

15

85

5 5 5 5
15 10 8 2
— 15 6 —

5 10 10 5
75 — 30 50
— 60 41 20

Mist Coats?

15 10 15 10

10 — 10 10
— 0 — 5
— 10 10 10
75 —_— —- —
— 70 65 65

100
V]

22.5
9.5
8.5

140

14.0
5.8

5%, (by vol )
15
15

65

159, (by vol.)

10
10

65

* Two-gram portions of i-sec. nitrocellulose (dry) wecre dissolved in 20 cc. of the solvent, and

diluted until nitrocellulose was precipitated.

The viscosity of solutions of 32 oz. of cotton to one gallon of solvent
is given here in relative figures for comparison.

TABLE 116.—Viscosity of Nitroccllulose Solutions?

Pent-acetate 100
Butyl acetate 69
Ethyl acetate 21
Refined amyl acetate 100
Secondary butyl acetate 83
Blend 1 part pent-acetate,

1 part ethyl acetate, 2 parts 60

butyl acetate
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TABLE 116A.—Dilution Ratios of Nitrocellulose with Toluene’

2.3 gr. dry l4-sec. nitrocellulose
in 25 ml. of the respective solvent:

Solvent
Pent-acetate
Butyl acetate
Ethyl acetate
Refined amyl acetate
Secondary butyl acetate

Methyl Amyl Acetate

Toluene
gelled at 68 cc.
gelled at 86 cc.
ppt. at 110 cc.
gelled at 70 cc.
gelled at 70 cc.

Methyl amyl acetate (methyl isobutyl carbinol acetate) is a colorless

liquid having an agreeable odor.

for the resins used in lacquer fabrication.

vents and thinners,
Acidity

Purity

Specific gravity

Boiling range
Below 140° C.
Above 150° C.
Below 143° C.
Below 148° C.

Average weight

Octyl Acetate

Octyl acetate is a water-white, stable liquid.

It is a solvent for nitrocellulose and

It is used in mixtures of sol-

Not more than 0.029, as
acetic acid
Not less than 95%, methyl
isobutyl carbinol acetate
20° C.

0.855 to 0.860 at 20°C.

None (760 mm.)
None (760 mm.)
Not more than 59, distills
Not less than 959, distills

7.14 1bs./gal. (20° C.)

It will dissolve nitro-

cellulose and many of the natural and synthetic resins. It is used in slow-
evaporating preparations such as brushing and dipping lacquers, mist coat-

ings and baking finishes.

Acidity
Purity

Specific gravity

Boiling range
Below 190° C.

Above 198° C.

200° C.
Color
Dryness

Average weight

Not more than 0.02%, as
acetic acid
88 to 929, 2-ethyl hexyl
acctate
20° C.

0.870 to 0.876 at 0°C.

Not more than 5%, distills
(760 mm.)

Not more than 29, distills
(760 mm.)

End point

Water-white

Miscible with 19 vols. of 60°
Bé. gasoline at 20° C.

7.26 1bs.[gal. (20° C.)
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2-Ethyl Butyl Acetate

2-Ethyl butyl acetate is a colorless liquid having a mild odor. Itis a
solvent for nitrocellulose, gums and resins, and is employed as a high-
boiling solvent in lacquers.

Acidity Not more than 0.019,
as acetic
Color Water-white
. . 20° C.
Specific gravity 0.875 to 0.881 at -==
20° C.
Boiling range
Below 155° C. None (760 mm.)
Above 164° C. None (760 mm.)
Purity Not less than 909, ethyl
butyl acetate
Dryness Miscible with 19 vols. 60°
Bé. gasoline at 20° C.
Average weight 7.33 1bs./gal. (20° C.)

Cyclohexanol Acetate

/cHz_C}‘Ig\ .
Cyclohexanol acetate CII;COO—CH CH, (Hexalin acetate,
c,—cH,”
hexalhydrophenol acetate, cyclohexanyl acetate, hexylin acetate, adronol
acetate) is a colorless, non-inflammable, non-explosive, slightly-toxic liquid
having an odor resembling that of amyl acetate. Itismiscible in all propor-
tions with most of the lacquer solvents and diluents, and with halogenated
and hydrogenated hydrocarbons. It has very good dissolvent power for
cellulose cthers and nitrocellulose and powerful solvency for basic dycs,
blown oils, raw rubber, metallic soaps, driers, shellac, bitumens and a wide
range of natural and synthetic resins and gums. It will completely dis-
solve dammar and unrun congo copal. Cyclohexanol acetate is used in
spraying and brushing lacquers to which it imparts blush resistance and
good flow.

Methyl Cyclohexanol Acetate

Methyl cyclohexanol acctate (Sextate, mcthyl Hexalin acetate, hexa-
hydrocresol acetate, hexahydromethylphenol acetate) is a colorless, non-
inflammable, non-explosive, non-toxic, non-corrosive liquid having an
ester-like odor. Its miscibility and solvent action are quite similar to
those of cyclohexanol acetate but its solvent power is slower. It is a sol-
vent for nitrocellulose, basic dyes, rubber, bitumens, oils, fats and waxes,
and for such resins as dammar, elemi, manila, mastic, rosin, benzyl abietate,
ester gum, Bakelite resins, glyptols, rezyl and vinyl resins. It will dis-
solve, in a lesser degree, shellac, unrun congo copals, kauri and acetyl-
cellulose. It is used as a high-boiling solvent in nitrocellulose lacquers for
both spraymg and brushmg purposes. Its solvency and slow rate of
evaporation impart resistance to blushing and good working qualities and
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produce films that arc smooth, homogeneous and glossy. Its dilution
ratio with

xylene 18 2.5
tolucne is 2.5
benzene is 2.0
white spirits is 1.5

It is also used as a mutual solvent for nitrocellulose, resins and oils, and
as a solvent in lacquers of the stoving type.

Acidity 0.049, (max.)
Ester content 809%,-90%,
Boiling range 175°-190° C.
Flash-point 66°-69° C.
Specific gravity 0.95

Benzyl Acetate

Benzyl acetate (CgHzCH.OOCCHj;) is a colorless liquid having an
odor reminiscent of jasmine flowers. The commercial grade contains
benzyl alcohol, chlortoluene, dibenzyl and so forth, which add to its sol-
vency. It is miscible with alcohols, ketones, esters, and aromatic and
aliphatic hydrocarbons. It is a solvent for cellulose esters and ethers,
natural and synthetic resins, oils and so forth. It exerts both solvent and
temporary plasticizing cffect, and imparts good flow, high gloss, and work-
ing qualities to lacquers. It is used as a solvent in lacquers, dopes, pol-
ishes and printing inks and in varnish removers.

Ester content 99-1009,

Boiling range 212-216° C.
Refractive index 1.502-1.503
Specific gravity 1.060-1 062

Ethylene Glycol Monoacetate

CH
Ethylene glycol monoacetate | 01 is a colorless, odorless liquid
CH,O00CCH,
and is structurally a primary alcohol and an ester. It is made by
combining a dihydric alcohol and a monocarboxylic acid. It will mix
completely with water and many of the lacquer solvents. Ethylene glycol
monoacetate will dissolve cellulose esters and cthers and many of the resins.

Boiling point 181° C.
Specific gravity 1.109 (20° C.)
Flash-point 102° C.

Ethylene Glycol Diacetate

CH,00CCH,

Ethylene glycol diacetate (I:H.,OOCCH, is a colorless liquid having a faint

odor resembling that of ethyl acetate. It will dissolve a wide range of
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cellulose esters, camphor, dammar, ester gum, elemi, mastic, rosin and
sandarac. When it is mixed with active solvents its range of solubility is
increased for a wide variety of cellulose esters and ethers and for natural
and synthetic resins. It is used as a mutual solvent for cellulose deriva-
tives and resins. Its presence in these solutions prcvents blushing and
imparts pliability.

Specific gravity 1.11
Boiling range 186-190° C.
Refractive index 1.415

Ethylidene acetate and diacetate are direct solvents for nitrocellulose.
When admixed with an active solvent such as acetone, they will become
a solvent for acetylcellulose.

Monoethyl Ether Acetate of Ethylene Glycol

CH,0C,H,
Monoethyl ether acetate of ethylene glycol | (“Cellosolve”
CH,0GC,I1,0

acetate) is a colorless liquid of mild and pleasant odor. It will dissolve
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Ficure 250. Specific Gravity and Weight per Gallon of “Cecllosolve”
Acetate at Various Temperatures.®

practically all resins with the exception of kauri, bleached shellac and
unoxidized ester gum, and will also dissolve cellulose nitrate and acetate,
dyes, and some types of cellulose ethers. Its most outstanding property
is its ability to prevent blushing even in high humidity. It is used as a
solvent for oils and resins; in lacquers, in varnish removers, in cleaning and
spotting preparations and wood stains; and in finishing and dyeing processes
of textiles and leather. It is miscible with aromatic hydrocarbons, and
these mixtures are used as thinners for lacquers.

CeLLosove ACETATE

CELLOSOLVE ACETATE
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Figure 251, Solubility of iSecond R. S. FiGure 252. Solubility of #-Second R.S.
Nitrocellulose in Mixtures of ‘‘Cellosolve” Nitrocellulose in Mixtures of “Cellosolve””
Acetate, 95% Ethyl Alcohol and Toluene.® Acetate, Butanol and Toluene,
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Molecular weight
Boiling point

Specific gravity

Weight per gallon
Refractive index
Surface tension
Viscosity

Vapor pressure
Specific heat
Flash-{)oint
Solubility

Dilution ratio

Electrical conductivity

AAVQQ V’ VAN
L
JeCa SN
BB

i A
e

Ficure 253, Compatibility of 3-Second R. S.
Nitrocellulose, Ester Gum and Dibutyl
Phthalate 1in 50% ‘“Cellosolve” Acetate and
50% Butanol.®
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Ficure 255. Solubility of 3-Second R. S.
Nitrocellulose in Mixtures of ‘Cellosolve”
Acetate, Ethyl Acetate and Toluene.b
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132.09

156.2° C.15° e

0.976 at 1550

8.13 (15°C.)

1.4030 (25° C.)

31.8 dynes/sq. cm. (25°C.)

1.205 centipoises (25° C.)

2.3 mm. Hg. (20° C.)

0.494 (20°-25°C.)

55°C. (131°F.)

Miscible with most organic
liquids

Toluene 2.6

V.M. & P. naphtha 1.12

Final concentration

V4-sec. R.S. nitrocellulose

solution, approx. 8%,

2 %X 10-8 recip. ohm.
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Figure 254. Compatibility of 3-Second R. S.
Nitrocellulose, Ester um and Dibutyl
Phthalate in “Cellosolve” Acetate.b
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SO% CELLOSOLVE
50% CELLOSOLVE ACETATE

Ficure 257.

Solubility of 4-Second R. S. Nitro-
cellulose in Mixtures of 50% “Cello-
solve”—50% “Cellosolve” Acetate, Tolu-
ene, and Butanol or C. D. No. 1 Ethyl
Alcohol.

BUTYL ALCOHOL OR TOLUENE
CD*1 ALcoHoL

Methoxy Butyl Acetate

Methoxy butyl acetate (Butoxyl) is a high-boiling, colorless liquid
of pleasant odor. It is a solvent for oils, resins, rubber, cellulose ethers
and nitrocellulose. Butoxyl will tolerate high dilutions with non-
solvents.

Acero Aceric ESTERs
(CH3COCH,COOR)

Aceto acetic esters are B-ketonic acid esters miscible with water.

Methyl Acetoacetate

Methyl acetoacetate (CH3COCH.CO,CHj) is used in organic syn-
thesis. It is a solvent for cellulose ethers, and in the presence of an active
solvent it will dissolve cellulose esters.

Boiling range

Below 91° C. Not more than 109, (50 mm.)
From 90 to 95° C. Not less than 859, (50 mm )
Purity Not less than 959, methyl acetoacetate
Acidity Not more than 0.03%, as acetic acid
Color Not more than 5 yellow
Non-volatile matter Not more than 0.01 g./100 cc.
o
Specific gravity 1.074 to 1.079 at %g"—(c_f
Solubility Miscible in all proportions with
alcohol, ether and ethyl acctate
Average weight 8.96 1bs./gal. (20° C.)

Ethyl Acetoacetate

Ethyl acetoacetate (CHsCOCOOC,H;) is used as an intermediate in
the manufacture of a large number of organic compounds. It is also
employed in lacquer fabrication, dopes and plastic masses.
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Acidity Not more than 0.5, free acid
as acetic

Color Nearly water-white

Dryness Miscible without turbidity with
20 vols. 60° Bé. gasoline at
20° C.

Purity Not less than 969, ester content
as ethyl acetoagetate

Specific gravity 1.027-1.030 at W

Cocfﬁcielilt of expansion {888?8?;%: (1;

Flash-point 141° F. (approx.)

Boiling range

Below 96° C. Not more than §%, (50 mm.)
Above 110° C. None (50 mm.)

Solubility Completely miscible with ethyl
alcohol, ethyl ether and ethyl
acetate

Average weight 8.56 Ibs./gal. (20° C.)

PropioNIc EsTERS

The propionic esters (CH3CH,COOR) are very similar to the acetic
esters in physical and chemical properties with the difference that the
former have a higher boiling point, lower evaporation rate and a lesser
power of solubility. They are miscible with many of the lacquer solvents
and diluents and possess a distinctive but not a disagreeable odor.

Methyl Propionate
Methyl propionate (CH3;CH,COOCH;) has been advocated as a sol-
vent for cellulose derivatives, When it is admixed with other propionates
(such as ethyl, propyl, butyl, and amyl) the mixture will dissolve cellulose
ethers and esters.
Boiling point 91°C.
Specific gravity 0.937 (4°C.)
Ethyl Propionate
Ethyl propionate (CH3CH,COOCH,CHj, propionic ether, propionic
ester) is a colorless liquid having an odor resembling that of pineapples.
It is a solvent for cellulose ethers and esters, and for a variety of natural
and synthetic resins. It is used as a solvent for cellulose derivatives, as
an ingredient for soft drinks and fruit syrups, and as a cutting agent for
pyroxylin.

Acidity Less (tlhan 0.029, as free propionic
aci

Boiling range 90 to 1009, between 80 and 120° C.

Color Clear white

Dilution ratio 2.5-3.0 with toluene

Ester content 85 to 90% as ethyl propionate

Evaporation rate Slower than ethyl acetate

Residue on evaporation None

Specific gravity 0.876-0.886 (1514° C.)
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n-Butyl Propionate

n-Butyl propionate (CHzCH,COOCII,CH,CH,Cl1;) is a water-white
liquid having an apple-like odor. It is miscible with most of the lacquer
solvents and diluents and with oils. It is not miscible with water. It is
a solvent for nitrocellulose and many of the natural and synthetic resins.
When an active solvent is added to butyl propionate it will dissolve many
of the cellulose ethers and esters. It is used as a solvent in lacquer fabri-
cation, and in place of butyl and amyl acetate when lower volatility and
slower evaporation are desired. Its presence in a solvent mixture adds
solvency and prevents blushing.

Acidity Not over 0.029%, as free propionic acid

Boiling range 120-175° C.; about 60%, above 130° C.

Color Clear white

Dilution ratio 2.4~2.6 with toluene

Dryness Complete, standing all volumes of
gasoline without turbidity

Ester content 85-95%, as butyl propionate

Residue on evaporation None

Specific gravity 0.870-0.880 (1514° C.)

see Hexv Acerare sec Amve. AccTaTe

Ficure 258. Solubility of #-Second
Nitrocellulose in the System sec-
IHexacctate-Butanol-Toluene.®

N-BuTanoL ToLutne N-BUTANOL ToLuENE

FiGure 259. Solubility of %-Second Nitro-
EsTer cellulose in the System sec-Amyl Acetate-
Butanol-Toluene.?

secBurn. Accrare
TF1GURe 261. Solubility of 3-Second
Nitrocellulose in the System sec-
Butyl Acetate-Butanol-Toluene.8

N-BuranoL Tocvene

Ticure 260. Solubility of #-Second Nitro-
cellulose_in the Systems: (A) n-Butyl Pro-
pionate-Butanol-Toluene; (B) n-Butyl Ace- N-BuranoL Towvene
tate-Butanol-Toluene.8
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Amyl Propionate

Amyl propionate (CH;CH,COOC;H ;) is a colorless liquid having an
apple-like odor. It is miscible with most lacquer solvents and oils. It
will dissolve benzyl abietate, cumar resins, clemi, cster gum, copal and
nitrocellulose. It has a sluggish solvent action {or cellulose ethers and
acts as a latent solvent. This latency can be overcome by the addition of
acetone or ethyl alcohol. Its dissolvent propertics arc quite similar to
those of amyl acetate, although it is not as rapid; the resulting solutions
are more viscous, and its rate of evaporation is slower and with a less
objectionable odor. Its mild odor and solvent power make it a desirable
high-boiling lacquer solvent.

Acidity Less than 0.02%, as free propionic acid

Boiling range 120 to 165° C.

Color Clear white

Dilution ratio 2.4-2.5 with toluene

Dryness Complete, standing all volumes of
gasoline without turbidity

Ester content 85 to 909, as amyl propionate

Evaporation rate About the same as normal buty!
propionate

Residue on evaporation None

Specific gravity 0.865 to 0.875 (1514° C.)

Some of the other proposed esters are the allyl, isoamyl, crotyl, glyceryl
propionates and the methyl, ethyl, propyl, a-ethoxy propionates.
ILevuLiNic ESTERS
(B-Acetyl propionic esters)

Levulinic esters are high-boiling, colorless liquids and possess solvent
properties for cellulose ethers.

Specific Gravity Boiling Point
Methyl levulinate 1.0325 191° C. solvent for cellulose
Ethyl levulinate acetate and starch-

ethers

Propyl levulinate 215-216°C. | plasticizer for cellu-
Benzyl levulinate § losc ethers
Propyl butyrate 0.8789 (15° C.) 142.7° C.
Isopropyl butyrate 0.8652 (13°C.) 128° C.

These are used with other solvents as dissolving mixtures for cellu-
lose ethers.

Buryric EsTERS

Butyric esters (CH3CH,CH,COOR) are stable, non-toxic liquids of a
distinctive odor and their solubility in water is slight. They are solvents
for nitro and acetylcellulose. They have a lower speed of evaporation
than the propionic, acetic, and formic esters.
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Methyl Butyrate

Methyl butyrate (CH3;CH>CH,COOCHj3) is a solvent for ethyl cellu-
lose and when it is mixed with active solvents it will dissolve nitrocellu-
lose. It is used admixed with plasticizers in the manufacture of celluloid.

Boiling point 102° C.
Specific gravity 0.898 (20°C.)

Ethyl Butyrate

Ethyl Butyrate (CH3CH,CH.COOC:H;) is a non-toxic liquid having
an odor suggestive of pincapples.

Its solvent properties lie between those of ethyl acetate and n-butyl
acetate, and when mixed with other solvents it will dissolve cellulose esters
and ethers, and many of the natural and synthetic resins. It is used in com-
bination with other solvents in lacquer manufacture and in making safety
glass.

Boiling point 120° C.
Flash-point 3°C.
Specific gravity 0879 (20° C.)

n-Butyl Butyrate

n-Butyl butyrate [(CHj),CHCOOCH.CH (CH3),, isobutyl isobuty-
rate] is a water-white, neutral liquid having an apple-like odor. The
commercial grade is composed of a mixture of the isomeric esters. It is
a solvent for ccllulose nitrate, cumar resins, dammar, ester gum, elemi,
shellac, plasticizers and metallic resinates. It is added to lacquers for its
power to retard evaporation and to impart good brushing, flow, working
qualities and gloss. It is also used as a solvent in brushing lacquers.

Flash-point 51°C.

Refractive index 1.405

Specific gravity 0.870-0.880

Acidity Less than 0.029, as frec butyric acid
Boiling range 95-1009, between 140-170° C.
Color Water-white

Dilution ratio 1.8-2.0 with toluene

Ester content 90-959%, as butyl butyrate
Evaporation rate Slower than butyl propionate
Initial and original odor Characteristic, mild

Residual odor None

Residue on evaporation None

Ethyl Hydroxy-Iso-Butyrate

CH;, OH
\(?/

cHy” NCOOC;H,

is a water-white, stable liquid of a mild odor. It is a solvent for cellulose

nitrate and acetate and when mixed with other solvents it will also dis-

solve cellulose ethers. Its solvent action is somewhat comparable with

that of ethyl lactate, differing in the following aspects:

Ethyl hydroxy-iso-butyrate (Ethyl oxybutyrate)
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Its solvent action is slower and requires the prescnce of an active solvent
to accentuate it.

Its solutions of nitrocellulose are more viscous.

Its tolerance for hydrocarbons is about thc same as far as it concerns
nitrocellulose and is lower in the presence of acetyl cellulose.

Its volatility is higher.

Ester content 96-1009,
Boiling range 142-146° C
Specific gravity 0.978-.986 (20° C.)

Ethyl Oxybutyrate

Ethyl oxybutyrate has a low rate of evaporation and therefore will
remain in a lacquer film for some time. Its presence in the solvent mix-
ture will impart good brushing, flow, good working qualities and gloss to
the film. The residual amount in the film makes it soft and pliable.

Other Butyrates

Amyl butyrate is employed as a solvent and plasticizer for cellulose
acetate and in cellulose ether plastics.

Benzyl butyrate is used as a plasticizer in plastic masses and in cellu-
loid substitutes.

Glyceryl butyrate has been proposed as a plasticizer.

V ALERIANATES

Methyl, ethyl, propyl, and butyl valerianates are solvents for nitrocellu-
lose and cellulose ethers. Their solvency is increased by the addition of
lower aliphatic alcohols.

GLYCOLLATES

Methyl, ethyl, n-propyl, n-butyl, isobutyl glycollates, acetoglycollates,
and thioglycollates have been proposed as solvents for cellulose esters and
resins.

Ethyl glycollate (HOCH,COOC,H;) and butyl glycollate (HOCH.
COOCH,) will dissolve nitrocellulose and many kinds of resins.

Ethyl acetyl glycollate (CH;COOCH.COOC.H;) is a high-boiling,

colorless solvent for nitro- and acetylcellulose.

Lacric (HyYDROXYPROPIONIC) ESTERS

[CH3;CH(OH)COOR]
Ethyl Lactate
Ethyl lactate [CH3CH(OH)COOC.II;] is a colorless and almost
odorless liquid, which, upon evaporation, will sometimes develop a dis-
agreeable odor. This is owing to the lactides, or inner anhydrides, con-
tained in the lactic acid made by fermentation. It is miscible with water,
alcohols, ketones, esters, hydrocarbons, oils and so forth.
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Ethyl lactate will dissolve cellulose acetate and nitrate and many of
the ethers of cellulose. It is also a solvent for basic dyes, benzyl abietate,
glyptol resins, kauri, ketone-aldehyde resins, manila, pontianac, rosin, shel-
lac and the vinyl resins.

This ester is considered as one of the important high-boiling solvents
owing to its exceptionally high solvent power and equally high tolerance
for non-solvents and diluents. These exceptional properties are accounted
for by the existence of both an alcohol and an ester group in its molecule,
and by the presence of impurities in commercial grade ethyl lactate.

Its rate of evaporation is slow but this is desirable for brushing
lacquers. The presence of ethyl lactate in a solvent mixture imparts good
working-qualities and good flow, and permits the application of a thin
coat on almost any surface. The resulting films are smooth and uniform,
although at times the film will remain soft for a longer period than is
anticipated. Its solvent action is slower than that of butyl or amyl ace-
tate and the resulting solution has a high viscosity. However, it will
tolerate two or three times as much notfi-solvent or diluent. In fact, a
solution of pyroxylin in ethyl lactate will tolerate the addition of 25 per
cent water without precipitation. As far as tolerance is concerned it has
no rival in the field of solvents.

Ethyl lactate is employed as a lacquer-solvent for cellulose nitrate, ace-
tate and ethers. It is used in the preparation of stencil sheets, incan-
descent mantle lacquers, in laminated glass, and as a mutual solvent for
nitrocellulose and resins in paints, enamels and varnishes, It is also used
as an emollient and gelatinant.

100
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% Diluent - Toluol

Ficure 262. Viscosity Curves of 10-Per Cent Nitrocellulose
Solutions.®
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Acidity

Color

Distillation range
Below 102° C.
Below 139° C.
Below 155° C.
Above 173° C,

Dryness

INDUSTRIAL SOLVENTS

Not more than 0.089, free acid as lactic
Water-white

None

Not more than 10%,
Not less than 909,
None

Miscible without turbidity with 20

vols. 60° Bé. gasoline at 20° C.

Non-volatile matter Not more than 0,005 g./100 cc.

Odor Mild, non-residual
Purity Not less than 969, ester content
as ethyl lactate
Specific gravity 1.020-1.036 at 20°C.
’ ’ 20°C.
Blush resistance at 90° F.
(109, Y4-sec. R.S. nitro-
cellulose solution)
Clear Blush
Relative humidity 809, 859,
Coefficient of expansion { 888%%}.; Ié

Dilution ratio
(nitrocellulose solution

5.5 with toluene
0.8 with petroleum naphtha

method)
Evaporation ratc at 95° F.
Per cent 5 25 50 75 90 95
Minutes 4 23 4734 73 9234 101
Flash-point 129° F. (approx.)
Viscosity 195 centipoises

(109, Y4-sec. R.S. nitro-
cellulose solution)

Water solubility Soluble in all proportions (25° C.)

Butyl Lactate

Butyl lactate [CH;CH(OH)COOC,H,] is a brownish, stable, non-
toxic liquid having a mild odor. There is no color in the chemically
pure grade. The commercial grade contains condensation products and
its physical and chemical properties will vary. It is miscible with many
of the lacquer-solvents, diluents and oils. It will dissolve such substances
as benzyl abietate, cellulose esters, cumar resins, ester gum, copal ester,
glyptol resins, mastic, shellac and so forth. It has a high tolerance for
non-solvents and it evaporates slowly. Its presence in a solvent mixture
will impart brilliance, gloss, adhesion, flexibility and tenacity to the film.
It is used as a solvent in lacquers, in stencil manufacture and in litho-
graphic and printing inks. It is also used as a mutual solvent for cellulose
derivatives and natural and synthetic resins, as an anti-skinning agent, as
an intermediate, and in perfumes and dry-cleaning fluids.

Purity Not less than 959%, ester by weight

o
0.974 to 0.984 at 22 <

Specific gravity 70°C
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Acidity

Water

Non-volatile matter

Color

Distillation range
Below 140° C.

Between 155° C. and 195° C.
Between 187° C. and 189° C.

Dry point

Molecular weight
Odor

Flash-point

Melting point

Weight per U.S. gallon
Solubility in water

Solubility of water
in butyl lactate

Refractive index
Vapor pressure
Latent heat of vaporization

Isobutyl Lactate

Isobutyl lactate CH,CH(OH)COOCH,CH

381

Not more than 0.93 mg. KOH re-
quired for neutralization of 1 g.

No turbidity when one volume is mixed
with 19 vols. of 60° Bé. gasoline at
20°C.

Not more than 0.01 g. when 100 cc.
are evaporated and heated to con-
stant weight at 120° C.

Water-white

{Not more than 0.159%, as lactic acid

None
Not less than 60 per cent.
Not less than 90 per cent.

Not above 200° C.
146.11

Mild (No residual odor.)
71°C. (159.8°F)
-43°C.

8.15 1bs. (68° F.)

3.4%, by vol. (25°C)

13.09% by vol. (25° C.)
1.42162 (20° C.)

0.4 mm. Hg. (20°C.)
77.4 cal.[g. (20°C.)

/CH;
is a liquid solvent with
Cll;

properties similar to those of #-butyl lactate, with the difference of a higher

rate of evaporation.

Boiling range
Specific gravity
Acidity

Ester content

Amyl Lactate

168-200° C.
0.974-0.978

0.059%, max. lactic acid
959%, min.

Amyl lactate [CH3CH(OH)COOC;H;] is a non-toxic liquid with

a varying composition which contains lacticides among other things.
has an odor like that of brandy.

It
It is miscible with alcohols, ketones,

esters, hydrocarbons, oils and so forth. It is a solvent for benzyl abietates,
cellulose ethers, cumar resins, copal esters, mastic, nitrocellulose, shellac
and so forth; and in combination with alcohol it will dissolve glyptol
resins. It is used as a softener for cellulose derivatives.

Other proposed lactates are benzyl lactate, and n-butyl, amyl, hexyl
and cyclohexyl nitrolactates.
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Methyl Cyclohexanol Lactate

Methyl cyclohexanol lactate (Sextol lactate) is a colorless and almost
odorless liquid. It is the lactic acid ester of hexahydrocresol which has
a tendency to hydrolyze. It is miscible in all proportions with most
organic solvents, It is an excellent solvent for nitrocellulose and natural
and synthetic resins, and will tolerate a large quantity of diluent. It will
also dissolve cellulose ethers, oils, fats, dyes, chlorinated rubber and so
forth. Its presence in stoving lacquers of the synthetic resin type assists
in the property of flow.

Boiling range 230-255°C.
Specific gravity 102
Flash-point 208° F.

96%, (remainder methyl
cyclohexanol)

Ester content

OxaAvric ESTERs

COOR
Oxalic esters (‘:OOR have been proposed as solvents for dipping lacquers
and penetrating inks. They are chemically unstable.

Diethyl Oxalate

Diethyl oxalate (C.H;OOCCOOC,H;) is a water-white, unstable,
combustible but not inflammable liquid of pleasant odor. It is miscible
with most organic solvents and will dissolve cellulose esters and ethers
and many of the natural and synthetic resins. The addition of a small
quantity of active solvent will increase its solvency for a wide range of
natural and synthetic substances. Diethyl oxalate is used as a solvent in
special lacquers for the purposc of fixing rare-earth salts on the cathode
of radio tubes and as an intermediate for the manufacture of dyes and
drugs.

Acidity Not more than 0.05% frce acid as oxalic
Color Water-white
Distillation range

Below 180° C. None

Below 182° C. Not more than 109,

Below 188° C.
Above 190° C.
Dryness

Non-volatile matter
Odor
Purity

Specific gravity

Not less than 909,
None
Miscible without turbidity with
20 vols. 60° Bé. gasoline at 20° C.
Not more than 0.005 g./100 cc.
Mild, non-residual
Not less than 999 ester content as
ethyl oxalate
20° C.

1.075-1.079 at 20°C.
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Blush resistance at 90° F.
(109, Y4-sec. R.S. nitro-
cellulose solution)

Clear Blush
Relative humidity 90%

Coefficient of expansion { 888?3?;{: (I;

Dilution ratio 3.5 with toluene
(nitrocellulose solution 0.7 with petrolcum naphtha
method)

Flash-point 168° F. (approx.)

Viscosity 380 centipoises

(10% ¥4-sce. nitro-
cellulose solution)
Water solubility 100 cc. solvent dissolves 15 cc.
water (25° C.)

Diamyl Oxalate

Diamyl oxalate (C;H;;00CCOOC;H1;) is a colorless, oily liquid
miscible with most lacquer solvents, oils and hydrocarbons. It is a solvent
for ester gum, copal ester, benzyl abietate, cumar resins, glyptol resins,
mastic, nitrocellulose, shellac and so forth. It is used as a plasticizer and
in paint and varnish removers. Like other oxalates, it has a tendency
to hydrolyze.

Boiling point 265° C.
Flash-point 116° C.
Specific gravity 0.97

Dibutyl Oxalate

Dibutyl oxalate (C4H;OOCCOOCH,) is a water-white, high-boiling
liquid of mild odor. It is miscible with most alcohols, ketones, esters, oils
and hydrocarbons. It is a solvent for benzyl abietate, cellulose esters and
ethers, cumar resins, ester gum, copal ester, glyptol resins and mastic. It
is used in nitrocellulose lacquers, as a plasticizing solvent, for the purpose
of fixing rare-earth salts on cathode elements, and in organic synthesis.
It has a tendency to hydrolyze and split off oxalic acid.

Acidity 0 059, (as oxalic acid)

Blush resistance at 90° F. Clear at 909, relative humidity
(109, R.S. Y4-scc nitrocellu-
lose solution)

Boiling point 240-250° C.
Coefficient of expansion 0.00095/1° C.
Dilution ratio 2.3 with tolucene
(nitrocellulose method) 1.0 with petrolecum naphtha
Distillation range
Below 240° C. Not more than 59,
Below 248° C. Not more than 909,
Above 255° C. None
Ester content 99-100° C.
Flash-point 265° F. (approx.)
Refractive index 1.425
. . 20° C.
Specific gravity 0.989-0.993 20°C.
Water solubility 100 cc. of solvent dissolves 0.5

cc. of water (25° C.)
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FurruryL ESTERS

o) 0
C - CH;R H CH
.ca” : NcH - c—CHR7
alpha beta

Furfuryl acetate is a solvent for nitrocellulose and some of the ethers
of cellulose, elemi, sandarac, gamboge, ester gum, cumar resins and so
forth. Tt is used as a grease and rust remover.

o

Boiling point 1 .
Specific gravity 1.1175 (20° C.)

Literature References
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Carblde & Carbon Chemucals Corporation, New York, N. Y.



Chapter 16
Plasticizers

ABIETIC ESTERS

LEthyl, propyl, amyl, phenyl, benzyl and glycol abictate and others
(C19gH23COOR) are liquid or viscous resinous materials miscible with
most lacquer solvents or diluents. These esters are solvents for dammar,
elemi, mastic, nitrostarch, sandarac and so forth, and are employed in
lacquers and varnishes, and in linoleum.

Methyl Abietate

Methy!l abietate (C;9Ho9yCOOCH3) is a yellow liquid resin miscible
with most organic solvents. It will dissolve nitrocellulose and many of
the natural and synthetic resins. This resinous material hardens by oxi-
dation and will, therefore, harden in films in which it is present. It
imparts adhesion, body, gloss and waterproofness to a film.

Acidity 5%

Ester content 959,

Refractive index 1.525-1.535

Specific gravity 1.033 -1.043 (20° C.)

Ethyl Abietate

Ethyl abietate (CipH29COOC,1HI;) is an amber-colored, viscous liquid
which hardens upon oxidation. It is soluble in most anhydrous solvents
and will dissolve other resins.

Boiling point 350° C.
Flash-point 178° C.
Melting point 45°C.
Refractive index 1.4980
Specific gravity 1.02

Benzyl Abietate

Benzyl abietate (Ci9H29COOCH,CgHj) is a stable, non-volatile, vis-
cous plasticizer which resembles Canada balsam. It is soluble in most
anhydrous solvents. It is employed as a plasticizer in cotton lacquers and
in synthetic coating materials. Its presence in nitro- and acetylcellulose
lacquers imparts softness, but no tackiness.

Glyceryl Diaceto-Abietate

Glyceryl diaceto-abietate (Plastabrac AA) is a resinous plasticizer and
extender. It is soluble in most of the lacquer solvents and is a solvent for

385
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a wide variety of cellulose derivatives and resins. It is used to impart both
flexibility and body to nitro- and acetylcellulose films.

ACETATES !
(CH;COOR)
Glyceryl Acetate
(IDHaOH
Glyceryl acetate CHOH (Acetin) is a colorless, hygroscopic
CH,00CCH,

liquid miscible with water. It is a direct solvent for nitrocellulose and
when mixed with an active solvent it will dissolve cellulose ethers. It is
used as a solvent and softener in dopes for coating airplane fabrics, and in
celluloid substitutes.

Acidity 509, (as acetic)
Spccific gravity 1.20 (20° C.)
Glyceryl Diacetate
(IDHgOOCCH:
Glyceryl diacetate CHOH (Diacetin) is a hygroscopic liquid and is
CI1,O0CCH;

miscible with water and benzene. It comprises a mixture of isomers and
will dissolve nitro- and acetylcellulose, glyptol resins, shellac and so forth.
It is employed as a softening agent in acetylcellulose films and as a means
of incorporating dyes in glyptol resins.

Boiling point 259° C. (approx.)
Refractive index 1.44
Specific gravity 1.18
Glyceryl Triacetate
CH,O0CCH,
Glyceryl triacetate CHOOCCH, (Triacetin) is a non-hygroscopicliquid,
CH,O0CCHj,

miscible with many of the lacquer solvents and the aromatic hydrocarbons.
It has the unique property of dissolving cellulose nitrate and acetate, and
also many of the natural and synthetic resins. It is one of the few widely-
used plasticizers. It is both a plasticizer and a means of incorporating
synthetic resins into cellulose-ester lacquers and should never be used in
quantities exceeding 66 per cent by the weight of the cellulose ester. It is
also employed as a camphor substitute and, unlike castor oil, it will not

ooze out.
Ester content 959%, min.

Acidity 0.59, max. as acetic
Boiling range 200°-268° C.

Color Water-white
Specific gravity 1.15-1.18 (15° C.)

Weight 9.7 Ibs./gal. (20° C.)
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Polyglyceryl Acetate

Polyglyceryl acetate is a colorless, viscous liquid composed (mainly)
of diglyceryl ether tetraacetate. It is a plasticizer for acetylcellulose in
the making of sheets.

Boiling point 340° C.

Refractive index  1.4435
Specific gravity 1.146

Mono-Cresyl Glyceryl Ether Diacetate
CH,OC.H.CH,

Mono-cresyl glyceryl ether diacetate CHOOCCH, (‘‘Abracol 777") is

CH,00CCHj
a fairly stable liquid miscible with most lacquer solvents and diluents.
It is a solvent for cellulose esters and ethers, gums, resins and so forth,
and is employed as a plasticizer for cellulose derivatives in quantities
ranging from 25 per cent to 50 per cent.

Boiling point 310°C.
Refractive index 1.49
Specific gravity 1.35

Dicresyl Glyceryl Ether Monoacetate

CH,0C¢H,CH,
Dicresyl glyceryl ether monoacetate CHOOCH,  (‘“‘Abracol 888) is
CH,0CsH.CH;,
similar to cresyl glyceryl ether diacetate in physical properties.
Boiling point 360° C.
Refractive index 1.53
Specific gravity 1.115

Sucrose Octa Acetate

Sucrose octa acetate [C12H14011(CH3CO)s] is a white crystalline
material compatible with cellulose acetate and nitrate. It is proposed as
a plasticizer for cellulose esters and synthetic resins, and also as a resinous
material.

Molccular weight 678.3

Melting point About 70° C.

Decomposes Above 285° C.

Boiling point 260° C. (approx.) at .1 mm. Hg.

Free acidity Less than 0.059%, as acetic

Specific gravity 1.28

Viscosity 29.5 poises (100° C.)

Electrical constants 60 102 100
cycles cycles cycles

Dielectric constant 4.3 4.5 4.7

Power factor 12.39, 5.8% 1.79,

Resistivity 1.5 x 108 megohm. cms.

Optical rotation in
chloroform + 59.79° (24° C.)
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Index of refraction
Ultraviolet light
Taste

Fehling's solution
Hygroscopicity
Rate of hydrolysis

1.4660 (white light, 20° C.)

Increases transparency

Intensely bitter, between .001
and .002 mg./cc. detectable

No action on
None
Almost nil

TABLE 117.—Solubilities of Sucrose Octa Acetate!

Quantitative

Grams per 100 grams
Solvent at 22° C.

Acetal 89 Ethylenc dichloride
Acetic acid 148 Methyl acetate
Acetone over 250 Methyl alcohol
Benzene 164 Paraldehyde
Carbon tetrachloride 19 Toluene
Ethyl alcohol (95%) 7 Water
Qualitative

Soluble in
Acetamide Carbon tetrachloride
Acetal ““Cellosolve”
Acetic acid “Cellosolve’’ acectate
Acetic anhydride Chlorbenzenc
Acetone Chloroform
Amyl acetate Diacetin

Amyl levulinate (mixed)
Aniline
Benzaldehyde
Benzene

Benzyl alcohol
Benzyl chloride
Butyl acetate
Butyl “Cellosolve’
Butyl crotonate
Butyl lactate
Butyl levulinate
Buty! oleate

Butyl propionate
Camphor

Various Other Acetates

Diacetone alcohol
Diamyl phthalate
Dibutyl phthalate
Dichlorbenzene (ortho)
Dicthyl aniline
Dicthyl ether
Dioxan

Ethyl acctate

Ethyl alcohol

Ethyl benzene

Ethyl crotonate
Ethyl lactate
Ethylene chlorhydrin

Grams per 100 grams
Solvent at 22° C.

over 200
279

68

14

over 210
0.14

Ethylene dichloride
Formic acid
Furfural

Hexalin

Isoamyl alcohol
Isopropanol

Methyl alcohol
Methy! “Cellosolve”’
Methyl ethyl ketone
Monoacetin
Naphthalene (fused)
Paraldchyde

Phenol

Pyridine

Toluene

Triacetin

Troluoil

Turpentine (hot)
Xylene

Other acetates proposed as plasticizers for cellulose derivatives are:

Pentaerythritol acctate
Glycerylphenyl acetate
Phenoxyethyl acetate
Resorcinol diacetate
Benzylidene diacetate
Hexanol acetate
Naphthyl acetate
Guaiacol acetate

a, a-Diglyceryl tri- (or tetra-) acetate

Triglyceryl acetate

Glyceryl aceto caproate

Glyceryl aceto caprylate

Glyceryl aceto laurate

Glyceryl aceto palmitate

Propionyl diacetate (glyceryl
diacetopropionate)

Glyceryl propionates (propionins)

Glyceryl ‘l)wutyrate (butyrins)
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AcryLic EsTERS

Acrylic esters (CH:CHCOOR) have been proposed as solvents for a
wide range of cellulose derivatives.

Aprpic ESTERS

Of the adipic esters [ROOC(CH2)4COOR] methyl and ethyl adipate
and others have been proposed as cellulose ether solvents to be used alone
or in combination with low-boiling, active solvents. Glycol and glyceryl
adipates have been suggested as dissolvents for cellulose ethers and resins
and are also used as mutual solvents for these substances in the manufac-
ture of lacquers and varnishes. Other adipic esters have been suggested
as camphor substitutes for making celluloid.

Dimethyl Cyclohexanyl Adipate

Dimethyl cyclohexanyl adipate [(CH.CH,COOC;H;;CHj),, Sipalin
A.O.M.] is a neutral, stable, colorless liquid having a high boiling point.
It is a solvent for nitrocellulose, fats, oils, resin, rubber and so forth.

Boiling point 225-232° C. (12 mm.)
Flash-point 189° C.
Specific gravity 1.011

AMIDES

(RCONTII»)

Acetamide

Acctamide (CH3CONII,) is a colorless, mobile liquid. It is a solvent
for a wide range of organic and inorganic compounds owing to the pres-
ence in the molecule of the hydrocarbon group, carbonyl group and the
amino group. Some of the substances it will dissolve are dyes, organic
salts and cellulose esters. It is used as an antiacid in lacquers and
explosives, as an electroplating plasticizer for acetylcellulose, in soldering
fluxes, as a hygroscopic agent, as a wetting and penetrating agent and
in organic synthesis.

Acetamide 999%,-100%, Color White
Free acid Tr. (as acctic) Melting point 78°-80° C.
Moisture Tr. Boiling range 210°-220° C.
Chlorides None Specific gravity 1.15
Sulfates None
AMINES
R
H\ H\ R\ N /R
N—R N—R N—R N
;1 R’ R R R
primary secondary tertiary quartenary

The amines are solvents and plasticizers for cellulose nitrate and ace-
tate. They are used in combination with active solvents in the printing
of artificial silk. Bergstrom, Gilkey and Lung? have determined and
tabulated the solubility of 288 compounds in a number of amines.
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TABLE 120.—Solvent Properties of Amines®

Ethylene Propylene Triethylene  Morpho-  Morpholine Morpholine
diamine diamine tetramine ine ethanol ethyl ether

Water

Alcohol

Glycols

Glycol ethers
Acetone
Methyl butyl ketone
Ethyl ether
Butyl ether
Naphtha
Benzene
Turpentine
Pine oil
Paraffin oil
Castor oil
Linseed oil
Paraffin wax
Beeswax
Shellac

Rosin

Ester gum
Dammar gum
Copal gum
Sulfur

Vinylite A
Vinylite N
Vinylite 0200
Cellulose acetate
Cellulose nitrate
Benzyl cellulose
Water-sol. dye
Alcohol-sol. dye
Qil-sol. dye
Satd. brine

M =miscible in all proportions SSm=sol. from 1 to §% I=g0l. to less than 19, VS=very sol.
S=s0l. to over 5% PSmsol. in part SH=¢ol. hot G=gels
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Monomethylamine

Monomethylamine (CH3;NH,) is an inflammable gas soluble in water,
alcohol and ether. Liquid monomethylamine is a good solvent for many
organic substances and is used in the tanning industry, in the manufacture
of dyestuffs, and in synthetic products.

Purity Not less than 98 mol. 9, of total amines
Concentration 30-35% by wt. in water
Molecular weight 31.047
Boiling point - 6.0°C. to - 5.5°C. (768 mm. Hg.)
. . —-10.8°C.
Specific gravity 0.699 at 15°C.
Dimethylamine

Dimethylamine [(CHj;):NH] is a gas soluble in water, alcohols and
in many organic solvents. It is used as a dehairing agent in the tanning

industry.
Purity Not less than 98 mol. 9, of total amines
Concentration 25-309%, by wt. in water
Molecular weight 45.11
Specific gravity 0.6865 (- 6°C.)
Boiling point 7.2°C. to 7.3°C. (764 mm. Hg.)
Solubility Soluble in water, alcohol, ether, and
many organic liquids
Flash point (279, solution) approx. —6.25° C.
(20.8 °F.)
Trimethylamine

Trimethylamine [(CHj;)3N] is sold as a 25 per cent aqueous solution.
It is used in organic synthesis, as a warning agent for gases, and as an
insect attractant.

Color Colorless

Odor Pungent ammoniacal

Molecular weight 59.10

Specific gravity 0.662 (- 5°C.)

Boiling point 3.2°C. to 3.8° C. (765 mm. Hg.)
Monoethanolamine

Monocthanolamine (HOCH:CH:NH,, 2-hydroxyethylamine) is a
colorless, viscous liquid of ammoniacal odor. It is a strong base and is
chemically active. It will combine with fatty acids to form soaps and
with acids to form salts. It is used in making soap and in the extraction
of carbon dioxide.

Boiling point 171° C. (757 mm.)

Color Water-white .

Specific gravity 1.0170 to 1.0270 at ggg 8
Boiling range Not less than 909, over between

165° and 173° C. (760 mm.)
Average weight 8.55 1bs./gal. (20° C.)
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Diethanolamine

Diethanolamine [(HOCH:CH.).NH, di(hydroxyethyl) amine] is a
faintly colored, viscous liquid. It is miscible with water and most com-
mon solvents and is used for the absorption of acid gases, as a softening
agent and in organic synthesis.

Boiling point 217° C. (150 mm.)

Specific gravity 1088 to 1,005 at S0

Water Not more than 1.5%,

Monoethanolamine Not more than 29,

Diethanolamine Not less than 959,

Triethanolamine Not more than 29,

Color Not more than 3 yellow and
1 red (100 mm. tube)

Average weight 9.08 1bs./gal. (30° C.)

Triethanolamine

Triethanolamine [(HOCH.CH:);3N, tri(hydroxyethyl)amine] is a
viscous, faintly colored liquid of ammoniacal odor. It is soluble in
water, alcohol and many other solvents but only slightly soluble in
hydrocarbons. The commercial product contains both diethanolamine and
monoethanolamine. It is used as an absorbent for acid gases. It will
form soaps with fatty acids which are soluble in water and hydrocarbons
and are used in dry-cleaning, textile scouring and cosmetic preparations.
Soaps of triethanolamine are emulsifying agents and are used in making
“soluble oils,” cutting oils and textile lubricants. This amine is both a
solvent and plasticizer for nitrocellulose, cellulose acetate, textiles, glues
and so forth, and is also used in organic synthesis.

Specific gravity 1.1240 to 1.1300 at §3° g
Boiling point 277° C. (150 mm.)
Water Not more than 1.09%,
Heavy ends - Not more than 2.5%,
2.59%, monoethanolamine
Purity {15% diethanolamine
809, triethanolamine
Color 7.0 yellow and 2.0 red
Average weight 9.40 1bs./gal. (20° C.)

Ethylene Diamine

Ethylene diamine [CoHs(NHz)2] is a water-soluble liquid of ammoni-
acal odor. It is used in the organic synthesis of rubber accelerators, dyes,
drugs and so forth.

Specific gravity 0.8994 at ggo—g
Change in specific gravity 0.0007/° C.

. 7.50 1bs./gal. (20° C.)
Weight {899 gm./liter (20° C.)
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Molecular weight 60.08

Boiling point 116.2° C.

Vapor pressure 10.0 mm. (20° C.)
Melting point 11.0°C.

Flash-point 93°F. (33.9°C.)
Viscosity 0.0154 poise (13) (25°C.)
Refractive index 1.4540 (7) (26°C.)
Dielectric constant 16.0 (37) (18°C.)
Ionization constant 7.1 x 10-% (6) (25°C.)
pH of 259, solution 11.9 (25°C.)

Latent heat of vaporization 167 cal./gm. (calc.)
Latent heat of fusion 77 cal./gm. (0° C.)

Heat of solution 7.6 cal./mole. (9) (15°C.)
Heat of combustion 452.6 cal./mole. (34)

AROMATIC AMINES

A number of carbocylic and heterocylic amines and their derivatives
have been proposed as solvents and plasticizers for cellulose esters and
ethers.

ANILIDS

(CeH;NHR)

Acetanilid

Acetanilid (CelI;NHCOCH3, phenylacetamide, antifebrin, acetyl-
amidobenzene) occurs as odorless, crystalline scales. It is soluble in
alcohol, ether, chloroform and acetone, and is a solvent for celluloid,
nitro- and acetylcellulose, cellulose ethers and ethylstarch. It is used in
the manufacture of cellulose acetate varnish, phonograph records and
so forth.

Boiling point 295° C.

Melting point 113-115° C.
Ethyl Acetanilid

Ethyl acetanilid [CsHsN (CoH;) COCH;, (Mannol)] is a white, crys-
talline solid of faint odor and is soluble in most organic solvents, It is
used as a substitute for camphor in the nitrocellulose industry.

Boiling point 258° C.
Flash-point 124° C,
Melting point 54° C.
Specific gravity 1.087

p-Toluene Sulfanilid

p-Toluene sulfanilid (CH3;CgH4SO:CeH4NH,) is a white, crystalline
solid having a melting point at 103° C. It is soluble in most lacquer sol-
vents and is used as a softener for acetylcellulose in quantities up to 50
per cent.

Other Anilids

Some of the other anilids proposed are methyl acetanilid, trichlorethyl
acetanilid and so forth,
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Anisic EsTERs
Anisic esters (CH3OCgH4COOR) are cellulose ether solvents.

Benzoic EstErs
(CeH;COOR)
Methyl Benzoate
Methyl benzoate (CeH;COOCHS, Oil of Niobe) is a liquid of fragrant
odor. It is miscible with alcohols, ethers, ketones and esters, and will
dissolve cellulose esters and ethers, resins, rubber and so forth.

Boiling point 199° C.
Melting point - 12°C.
Specific gravity 1.026 (0° C.)

Ethyl Benzoate

Ethyl benzoate (CeHzCOOC:H;) is a pleasant-smelling liquid. It is
miscible with most lacquer solvents and will dissolve a wide variety of
cellulose derivatives and natural and synthetic resins. It is used in sol-
vent mixtures imparting good working qualities to lacquers and high gloss
to films.

Boiling point 211 2°C,
Ester content 989,
Specific gravity 1.0502 (16° C.)

Butyl Benzoate
Butyl benzoate (CeH;COOC Hy) is a colorless liquid and is used as
a solvent for cellulose ether.

Boiling point 247.3° C.
Specific gravity 1.00 (20° C.)

Amyl Benzoate

Amyl benzoate (C¢H;COOCzH;;) is a water-white liquid of mild
odor. It is miscible with alcohols, ketones, esters, oils and hydrocarbons.
Its sluggish solvency for cellulose derivatives is improved and augmented
by adding an active solvent. When its solvent power is increased it will
dissolve many of the natural and synthetic resins. It is used as a plas-
ticizer in film production.

Boiling point 261° C.
Refractive index 1.4945
Specific gravity 0.994-1.01

Benzyl Benzoate

Benzyl benzoate (CeH;COOCH2CgHj5) is a water-white, stable liquid
of pleasant odor. It is miscible with alcohols, esters, ketones, oils and
hydrocarbons. It is a solvent for many of the cellulose ethers and a wide
range of natural and synthetic resins. When employed as a cellulose ester
plasticizer it is mixed with equal parts of nitrocellulose or with 66 per cent
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of the weight of the acetylcellulose present. Films containing this plas-
ticizer are strong and flexible.

Boiling range 323-324° C.
Melting point 18.5-19° C.
Refractive index 1.568-1.569
Specific gravity 1.120-1.126

The Seldom Company has proposed some 72 benzoate ester plasticizers.

Naphthyl Benzoate

Naphthyl Benzoate is a plasticizer for pyroxylin and cellulose esters.

Glyceryl Benzoate
(IJH,OOCQHs
Glyceryl benzoate CHOOCCsH; (tribenzoin) is a colorless, non-hygro-
CH,00CGC,11;
scopic, crystalline solid plasticizer. It is soluble in most anhydrous lacquer
solvents with the exception of petroleum hydrocarbons. It is used with

nitrocellulose in quantities not exceeding 20 per cent on the weight of the
cellulose nitrate present. It imparts flexibility to films.

Melting point 71°C.
Specific gravity 1.25

Other Benzoates

Phenyl, glycol and glyceryl benzoates have been advocated as sol-
vents and colloiding agents for the derivatives of cellulose.

Boric EsTERrs

The alkyl boric esters (R3BOj3) are fire-retardants and, consequently,
their presence in lacquers reduces inflammability.

Amyl Borate

Amy! borate [(CsHi1)sBOj3] is a stable, high-boiling liquid miscible
with most lacquers and diluents. It is a solvent for oils, benzyl abietate,
cumar resins, ester gum, mastic and so forth. Its presence in cellulose-
derivative films imparts adhesion between the film and metallic surfaces
and reduces inflammability. It will also prevent gelling of nitrocellulose
bronze lacquers. Its poor solvent power for cellulose nitrate requires the
addition of active and plasticizing solvents.

Triphenyl Borate

Triphenyl borate is used as a solvent for cellulose esters and ethers.
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CarBaMic ESTERS

Carbamic esters (NH2COOR) are used in the pyroxylin industry as
solvents and gelatinizers.

CARBANILIC ESTERS

Carbanilic esters (CgH;NHCOOR) have been proposed as pyroxylin
plasticizers and camphor substitutes.

CareBONIC EsTERs

R
N

CO,
R

Diethyl Carbonate

Diethyl carbonate [ (CoH;)2COs, diatol, contains 90 per cent of diethyl
carbonate] is a colorless liquid of pleasant odor. It is miscible with alco-
hols, ketones, esters, aromatic hydrocarbons and some aliphatic solvents.
It will dissolve many of the natural and synthetic resins, nitrocellulose
and cellulose ethers. The addition of an active solvent such as acetone
or an ester, or a latent solvent such as alcohol, will increase its solvent
power. It has a rather low tolerance for hydrocarbons. It is employed
in lacquer formulation and in special lacquers for coating the cathode of
radio tubes with rare earths.

Pure 90%
Free acid as carbonic
Acidity Not more than 0.029, Not more than 0.02%,
Color Water-white Water-white
Below 120° C. . .None Below 100° C. . .Not more
Below 128° C. .. Not less than 159,
Distillation range than 909, Below 125°C. ..Not more
Above 130° C. .. None than 509,
Above 130° C. ..None
Dryness Miscible without turbidity Miscible without turbidity
with 20 vols. 60° Bé. with 20 wvols. 60° Bé.
gasoline at 20° C. gasoline at 20° C.
Non-volatile matter Not more than 0.005 g./100 Not more than 0.005 g/100
cc. cc.
Odor Mild, non-residual Mild, non-residual
Purity Ester content as diethyl Ester content as ethyl
carbonate, 98-100%, ggx:})onate, not less than
]
o
Specific gravity 20,2t 0.973-0.977 0.967-0.971

20°C.
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Relative humidity

Blush resistance at 90° F.

Clear Blush Clear Blush
(109, V4-scc. R.S. nitro- 85% 90% 5% 809,
cellulose solution)
. . 0.00066/1° F. 0.00063/° F.
Coefficient of expansion 0.001 19/10 C 0.001 13/10 C
Dilution ratio . .
) . 0.6 with toluenc 1.2 with toluene
(rrlrxltet&c:(lil)ulose solution {0.4 with petroleum naphtha 0.6 with petroleum naphtha
Evaporation rate at 95° F.
Per cent 25 50 7590 95 525 50 75
Minutes 1/ 714141524 3134 3434 34 534 14 2334 31Y4 35

Flash-point

89° . (approx.)

68° F.(approx.)

Centipoises

Viscosity 141

(109, Y4-sec. R.S. nitro-
cellulose solution)

Water solubility

Ethyl Butyl Carbonate

C,Hg
Ethyl butyl carbonate
Cilly

solvency for nitrocellulose requiring the addition of ethyl alcohol to activate
However, it will dissolve quite a number of natural and synthetic

it.

resins.
Boiling point
Flash-point
Specific gravity

Ethyl Chlorcarbonate

Ethyl chlorcarbonate (CICO.C:Hj;) is a colorless liquid.
It is used mainly in organic synthesis and as

are irritating to the eyes.
a flotation agent in ore refining.

Color
Dryness

Free chlorine
Odor
Purity

Specific gravity

Coefficient of expansion

Flash-point
Toxicity

CO; is a colorless liquid.

69

100 cc. solvent dissolves 1.4 100 cc. solvent dissolves 3.0
cc. water (25° C.)

cc. water (25° C.)

135-175° C.
50° C.
0.92 to 0.93 (20° C.)

Water-white

Miscible without turbidit
20 vols. 60° Bé. gasoline

None

with
20°C.)

Irritating, tear-producing

Not less than 969
as ethyl chlorcar%

1.135 to 1.139 at

§0.00070/1° F.
10.00126/1° C.
61° F. (approx.)
Poisonous, corrosive.
with care

ester content
onate

20°

Handle

It has a sluggish

Its vapors
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Various Other Carbonates

Diphenyl, tricresyl and trinaphthyl carbonates have been proposed
as nitrocellulose gelatinizers. Dichlorethyl carbonate and dichlorpropyl
carbonate are good solvents for cellulose esters and ethers, and for some
synthetic resins, and impart transparency to cellulose ether lacquers. Resor-
cinol dicarbonate is a good solvent for cellulose ethers and it will impart

to the film flexibility, transparency and adhesiveness. Its boiling point is
from 298 to 302° C.

Cinnamic ESTERS

Of the cinnamic esters (CgH;CHCHCOOR) mecthyl and ethyl cinna-
mate have been proposed as solvents for cellulose esters.

Citric EsTERS
CH,COOR
Citric esters CII(OH)COOR are solvents for cellulose derivatives.
CH,COOR

Triethyl Citrate
CH,COOC,H;

Triethyl citrate (IDH(OH)COOCJIE is a colorless, mobile liquid of bitter-

CIL,COOC, I,

ish taste. It was first proposed as a solvent for nitrocellulose in 1889. It
is a solvent for cellulose nitrate, acetate and ethers, dammar, ester gum,
glyptols, phenol-formaldchyde-rosin resins, starch ethers, shellac and so
forth. Triethyl citrate is used as a plasticizer for nitro and acetylcellulose
in quantities not exceeding 100 per cent on the weight of the cellulose ester.
It is also employed as a plasticizer and mutual solvent for acetylcellulose
and shellac, as a softener for starch ethers, as a paint remover and as an
agglutinant.

Tributyl Citrate

Tributyl citrate is a liquid plasticizer of fruity odor. When employed
as a plasticizer for cellulose acetate 20 per cent is the permitted maximum
and 75 per cent is the maximum permissible with nitrocellulose.

Specific gravity 1.046 to 1.047

CroToNIC ESTERS

Crotonic esters (CH3CHCHCOOR) have been proposed as solvents
for a wide range of cellulose derivatives.
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ETHERS

A number of ethers (ROR) and ether-alcohols have been proposed
which are made by combining a polyatomic alcohol such as glycerin, eryth-
rite and pentaerythrite with ethylene oxide in the presence of boric acid.
These are solvents and plasticizers for cellulose ethers. Middleton and
Rocker 3 have made an elastic lacquer-varnish by the addition of glycol
methyl ether, glycol dimethyl ether and glycol trimethyl ether as plas-
ticizers. The alkyl ethers of glycolchlorhydrin are good solvents for cellu-
lose ethers.

Monocresylglyceryl Ether

Monocresylglyceryl ether [CH,CeH,OCH,CH(OH)CH,OH, Abra-
col 101] is a colorless, stable, neutral liquid miscible with most organic
solvents. It is used as a plasticizer for some of the cellulose ethers.

Boiling range 210-230° C.
Refractive index 1.535
Specific gravity 1.124

Dicresylglyceryl Ether

Dicresylglyceryl ether (CH;CsH,OCH,CH(OH)CH,OCsH,CHs,
Abracol 234) is similar to monocresyl glyceryl ether in properties and
uses.

Boiling range 328-340° C.
Refractive index 1.549
Specific gravity 1.136

Dibenzyl Ether

Dibenzyl ether (CeH;CH,OCH,CgHj;, Erganol) is an unstable liquid
of faint almond odor. It is soluble in most solvents and is employed
as a plasticizer for nitrocellulose. .

Boiling point 298-300° C.
Flash-point 115°C.
Specific gravity 1.035

Various Cyclic Oxides

A number of cyclic oxides ® have been proposed as plasticizers for cellu-
lose nitrate and acetate, and as camphor substitutes. Some of these are:

Acetone glycerol Glycid

Arabite Glycid acetate
Benzylidene glycerol Glycidol

Cineol Isopropylidene glycerol
Diacetone Mannite

Diacetone adonite Methyl glycerol

Ethyl glycid ether Methylene glycid ether
Ethylidene propylene ether Paraldehyde glycid

Glyceryl ether oxide Pinol
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Various Ethers and Ether-Esters

Kessler and Helfrich ® have proposed a number of ethers and ether-
esters as plasticizers for cellulose esters and ethers. The ethers com-
prise methyl, ethyl, propyl, butyl, and amyl ethers of diethylene glycol,
triethylene glycol, dipropylene glycol, and ethylene-propylene diglycol.
The ether-esters are made by the esterification of the ethers just men-
tioned with capric, caproic, lauric, palmitic, oleic, linoleic or ricinoleic
acids.

Various Glycerol Derivatives

Some of the glycerol derivatives, proposed as acetylcellulose plasti-
cizers, are:

Glycery! acetate Glyceryl diaceto-monophenyl-acetate

Glyceryl acetobenzoate Monobenzoyl diacetyl-glycerol

Glyceryl benzoate Nitro-isobutyl glycerol trinitrate
GLYCOLLATES

Methyl Phthalyl Ethyl Glycollate

Methyl phthalyl ethyl glycollate (Santicizer M-17) is a faintly col-
ored liquid having a fruity odor. It is miscible with most lacquer solvents
except oils and petroleum hydrocarbons. This liquid is used as a plasti-
cizer for cellulose esters, chlorinated rubber and a number of synthetic
resins.

Boiling point 189° C. (5 mm.)
Specific gravity 1.223 (25°C))
Refractive index 1.505 (25° C.)

Acidity 0.02%, max. (as acetic)

Butyl Phthalyl Butyl Glycollate

Butyl phthalyl butyl glycollate (Santicizer B-16) is a colorless, non-
toxic liquid. It will dissolve nitrocellulose and most of the resins used
in lacquers. It is used as a plasticizer for cellulose ester products, chlo-
rinated rubber and synthetic resins.

Boiling point 219° C. (5'mm.)
Specific gravity 1.009 == 0.001 (25°C.)
Refractive index 1.489 == 0.001 (25° C.)
Acidity 0.029%, max. (as acetic)
Odor Slight, fruity

Ethyl Phthalyl Ethyl Glycollate

Ethyl phthalyl ethyl glycollate (Santicizer E-15) is a faintly colored
liquid. It is miscible with most lacquer solvents except the hydrocarbons.
It will dissolve cellulose esters and most resins and is used as a plasticizer
in these.

Boiling point 190° C. (5 mm.)
Specific gravity 1.181 = 0.001 (25° C.)
Refractive index 1.498 = 0.001

Acidity 0.029%, max. (as acetic)

Odor Slight, fruity
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AromaTIic KETONES
Acetophenone

Acetophenone (CeHzCOCH3) is a narcotic, unstable liquid of strong
but pleasant odor. It is miscible with oils, hydrocarbons and most sol-
vents. It is a powerful solvent for cellulose esters and ethers, cumar
resins, glyptol resins, shellac and so forth. Acetophenone imparts elas-
ticity and flexibility to films but its action is not permanent.

Boiling range 200-202° C.
Melting point 19-22°C.
Refractive index 1.534 to 1.537
Specific gravity 1.0295 (20° C.)
Camphor
CH, (|3H CH.
C(CHay),

CH,——CCH;——CO

The discovery of the solubility of nitrocellulose in camphor gave birth
to the celluloid industry. It is the most outstanding plasticizer for nitro-
cellulose plastics despite the fact that it has such serious faults as strong
odor, high vapor pressure and volatility. It is soluble in most of the
organic solvents and when mixed with a small quantity of aliphatic alco-
hol it becomes an energetic solvent for nitrocellulose.

The immense importance of camphor to the plastics industry, as a
plasticizer, cannot be overestimated from either the technical or the com-
mercial point of view. Prior to the World War, Japan, through its con-
trol of Formosa, was able to dictate prices and quantities to the rest of
the world. Germany, even before 1914, appreciating the importance of
camphor, made desperate cfforts to produce it synthetically. These efforts
were finally crowned with success and the German Schering interests
became a real competitor of the natural product. No longer was the
Japanese monopoly able to raise or lower prices at will. In this country
the Monsanto Chemical Works endeavored to fill the breach during the
War. Since 1932 the production of synthetic camphor in America has
kept pace with the price-fixing of imported natural and synthetic camphor.
It is estimated that the output of synthetic camphor in the United States
is about 1,500,000 pounds annually.

The synthetic camphor of commerce is by no means built up from
simple compounds as the name implies. Technically it is derived from
pinene, the principal component of American oil of turpentine, which in
molecular structure is similar to camphor. When the pinene molecule
is subjected to a few minor chemical changes it is transformed to the
camphor molecule.

Camphor is synthesized from turpentine by the following reactions:
Turpentine — a-pinene — bornyl chloride — camphene — isobornyl for-
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mate — isoborneol — camphor. The numerous patents for making cam-
phor are practically all based on two methods.

“Camphor substitutes” in the plastic and lacquer industries refers to
a solvent and plasticizer used in connection with cellulose esters. A cam-
phor substitute need not resemble true camphor chemically or physically;
but it must possess those properties which, when added to nitrocellulose,
will give a solid solution. This solution when warmed should soften and
become plastic, while for lacquer purposes a plasticizer should render the
film both plastic and impermeable.

The patent literature reveals that many substances have been proposed,
each inventor claiming suitable and efficient plasticizing properties; but
only some eight or ten, at the present time, are being used in appreciable
quantities. Some of the camphor substitutes have been discarded because
they impart color to the finished article or liberate halogens or acids.
Others are unsuitable because they lack solvent power for nitrocellulose
(10.7% to 11.2% nitrogen content) used in making pyroxylin. Some of
these substitutes probably possess solvent power for nitrocellulose which
contains higher or lower percentages of nitrogen.

Castor oil was among the first camphor substitutes. Then blown cas-
tor oil entered the field. The blown oil has an advantage over the raw
oil in that it does not become rancid upon standing and does have the
virtue of imparting toughness and durability to a film of cellulose esters.
Chemically, castor oil is triglyceryl ricinoleate, and its structure no doubt
suggested the idea of forming esters of ricinoleic acid. Recently amyl and
butyl ricinoleates and butyl-acetyl ricinoleate have been proposed.

Some of the camphor substitutes less commonly known and used are
ethyl lactate, triacetin, ethyl acetanilid, diethyl tartrate; esters of glycollic,
acetic, oxalic acids; and glycerin.

The best known and perhaps the most used of camphor substitutes are
the esters of phosphoric acid. The solvent power of this class of sub-
stances depends upon the =P:0 group. These esters lower the
combustibility. They are odorless, colorless, very stable, and do not
discolor in sunlight. Tricresyl phosphate is the most outstanding member
of this class of substitutes. Those of lesser importance are triphenyl, tri-
naphthyl, tribenzyl and tri-n-butyl phosphates. A sub-group of this same
class is the arylalphyl phosphates such as diphenyl-ethyl, dibenzyl-ethyl,
dicresyl-methyl, dinaphthyl-amyl phosphates and so forth. Another group
is the aryl-phosphoric anilide such as dicresyl-phosphoric anilide.

Lately, the esters of phthalic acid have become important. Those that
are most outstanding are dibutyl phthalate, diamyl phthalate, diethyl
phthalate and dimethyl phthalate. Butyl tartrate has been used for sev-
eral years and butyl stearate is attracting some attention. Some of the
more recent camphor substitutes are the boric acid esters (triphenyl borate)
and ethyl abietate.
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Chronological List of the United States Patents

269,340
269,341
269,342
269,345
366,231
410,205

572,134-35
583.516-17
587,096
595,355
596,662
507,144
598,648
604,181
607,552
700,471
700,884
700,885
741,554
758,335
831,028
831,488
881,827
892,899
900,204
946,294
961,360
962,877
996,191

1,027,617-18

1,152,625

1,158,961

1,188,356

1,191,801

1,195,040

1,200,886

1,309,981

1,370,853

1,354,725

1,360,759

1,589,608

Pertaining to Camphor Substitutes

Esters and ethers

Essential oils

Dinitrobenzene

Essential oils

Non-volatile gums
Anthraquinone

Dimethyl-ether, etc.

Palmitin and stearone

Esters

Acetanilid

Acetanilid

Aromatic amines

Di-nitro-toluene

Di-nitro-toluene

Naphthalene (partial replacement)
Amyl-acetanilides, etc.
P-nitrotoluene

Camphene HCI

Di-nitro-xylene

Oxidation product of mixed alcohols
Benzoic esters

Formic esters

Antipyrene

Derivatives of fatty alcohols
Derivatives of fatty alcohols
Derivatives of benzene, etc.
Lanolin

Aliphatic ketones

Pinene HC1

Amyl acetate

Condensation products of glycerol
Light coal-tar oils

Derivatives of phenols

Casein

Organic carbonates

Triphenyl phosphate, tricresyl phosphate, trinaphthyl phosphate
Esters of alcohols

Organic compound containing SOz
Borneol

Urea

Polymerized oil of turpentine
Amidines

Cyclohexanone

Acetins

Benzyl benzoate

Halogenated fatty acids

Cyclic oxide

Ethylene chlorohydrine

Oxidized drying oils
Dioxy-diphenyl-dimethyl methane
Dioxy-diphenyl-dimethyl methane
Polymers of coumarone

Chloral hydrate

Amines

Dialkyl oxalate

Tri-benzyl phosphate
Tetra-chloro-naphthalene

Acetin

Tri-n-butyl-phosphate

Various Other Aromatic Ketones
Some of the other aromatic ketones proposed as softening and plas-

ticizing agents are:

a-and p-Methyl acetophenone Diaryl ketones

Alkyl-aryl ketones Ditolyl ketone

Alkyl cyclonaphthanone Ethoxy acetophenone

Alkyl cyclohexanone Hydro-benzyl and naphthyl ketones
Alkyl-naphthyl ketones Methoxy acetophenone
Benzophenone Methyl naphthyl ketone

Dinaphthyl ketone Oxy-aryl ketones
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MAanDELIC ESTERS

et

Mandelic esters (OHCH ) are solvents for nitrocellulose.

\COOR

MaLeic EstERs
Of the maleic esters (ROOCCH :CHCOOR) dimethyl, diethyl,

dipropyl and diamyl maleates are used as solvent plasticizers for cellulose
esters and ethers.

FuMaric EsTErs

The dialkyl fumaric esters [CoHs(COOR).] are used as plasticizers
for cellulose ethers and esters.

MaLic ESTERs
—_—

COOR

11,
Of the malic esters | ethyl malate is a good solvent for nitrocellu-
CH(OH)

COOR
lose and many of the resins used in lacquers. Glyceryl malate is resinous
in character and acts as an extender in lacquers and varnishes.

MaLonNICc ESTERS
COOR

Of the malonic esters C‘II, methyl, ethyl, diethyl and ethyl-n-butyl

COOR
mafonates have been offered as plasticizers for cellulose ethers and esters.
They are used in combination with low-boiling active solvents.

SucciNic EsTERs
COOR

CH,
Of the succinic csters CltH ethyl succinate has been advocated as a
2
|
COOR
solvent for cellulose ethers, and dibenzyl succinate has been proposed as
a plasticizer for cellulose ethers and esters.

NAaruTHENIC ESTERS

Naphthenic esters or hexahydrobenzoic esters (CgH;;COOR) are
high-boiling, viscous liquids or semi-solids. They exert both solvent and
softening action on cellulose esters and ethers. Some of the esters are
used as synthetic varnish material.
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NITRATES AND NITRITES

A number of alkyl, aryl and aralkyl nitrates and nitrites have been pro-
posed as selective solvents.

AromaTic N1TRO COMPOUNDS

The general formula for these compounds is R1(NO;), where R is
an aryl radical. The nitro-benzenes, -toluenes and -xylenes are solvents
and plasticizers for cellulose esters and ethers. Many have the disadvan-
tage of either imparting color to the finished product or of being toxic.

Mononitrobenzene

Mononitrobenzene (CgHzNO,, Oil of Mirbane) is used in making
pyroxylin insulating compounds, as a solvent for cellulose ethers, and
to modify the esterification of cellulose acetate.

Dinitrobenzene

Dinitrobenzene is a mixture of thrce isomers employed as camphor
substitutes in celluloid production.

Nitrotoluene

Nitrotoluene (CH3CeH4NO,) is a gelatinizing agent for nitrocel-
lulose.

Nitroxylenes
Nitroxylenes are gelatinizing accelerators for pyroxylin.

Nitronaphthalene

Nitronaphthalene is a plasticizer and is used in celluloid manufacture
in place of camphor, in plastics, in films, and in waterproofing and orna-
menting paper.

RiciNnoLEATES, O1Ls AND OLEATES

Butyl Acetyl Ricinoleate

Butyl acetyl ricinoleate is a yellow, oily liquid of mild odor. Tt is
miscible with most lacquer solvents and possesses plasticizing, emulsi-
fying, lubricating and detergent properties. It is used as a plasticizer
and as a detergent.

Specific gravity 0.940 at %—%

Acidity 5% approx. (as ricinoleic acid)
Distillation range 220°-235° C. (3-5 mm. Hg.)
Saponification number 235

Freezing point Indefinite. Becomes cloudy

at — 32° C. and solidifies at
- 65°C.
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Flash-point
Saybolt viscosity
Solubility in water
Solubility of water

in butyl acetyl ricinoleate
Weight per U.S. gallon
Molecular weight

110° C. (230° F.)
123 sec. (100° F.)
Practically insoluble

2%, by vol. (approx.)
7.8 1bs. (68°F.)
396.47

Castor Oil

Castor oil (Oleum Ricini) is a fixed, non-drying oil obtained from
the seeds of Ricinus communis. It is a greenish-yellow to yellow-to-
colorless, transparent, viscid liquid of a faint, mild odor, and a bland
taste. Upon standing, it develops an acrid and nauseating taste. Castor
oil, which consists principally of triglyceryl ricinoleate, is miscible in all
proportions with absolute ethyl alcohol and glacial acetic acid. Equal
amounts of 95 per cent ethyl alcohol and castor oil will yield a clear solu-
tion; and 90 per cent alcohol will dissolve about one-third of the volume
of this oil. It is a solvent for rosin and ester gum. Nitrocellulose will
dissolve about 5 per cent of castor oil ard the resulting product will be
clear. If larger quantities of castor oil are added it will be only dispersed
rather than dissolved and will impart a greasy feel. Should pressure be
applied to a solid solution of nitrocellulose containing more than 5 per cent
of castor oil, the oil will have a tendency to ooze out. The addition of a
solvent-plasticizer will retard this oozing.

Blown and acetylated castor oils have been proposed as plasticizers.

Acetyl value 147-150
Acid value 0.12-0.8
Flash-point 285° C.
Todine value 83-88
Maumené number 4647

Not less than + 3.5°

Optical rotation
1 4695 1.4730 (40° C.)

Refractive index

Reichert Meissl number

Saponification number 176—187

Sohdlfymg point ~10°to — 18°
Specific gravity 0.959-0.968 (15.5°C.)
nsaponifiable matter 0.6

Various Other Ricinoleates
Some of the proposed alkyl ricinoleates are:

Methyl ricinoleate

Ethyl ricinoleate

Butyl ricinoleate

Methyl acetyl ricinoleate

Ethyl acetyl ricinoleate

Acetylated castor oil

Methyl undecylineate

Acetylated polymerized castor oil

Methyl ester of polymerized ricinoleic acids

Ethyl ester of polymerized ricinoleic acids

Butyl ester of polymerized ricinoleic acids

Methyl ester of acetylated polmerized ricinoleic acids
Ethyl esters of acetylated polymerized ricinoleic acids
Butyl ester of acetylated polymerized ricinoleic acids
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Nevillite Oil

Nevillite oil (solvent oil, Nevinol) is an inert, viscous, non-volatile,
non-drying, neutral, unsaponifiable, heat-stable liquid. This hydrocarbon
polymer is miscible with petroleum solvents, coal-tar naphthas, alcohols,
ether and so forth. Nevinol is used as a plasticizer for chlorinated rubber,
pyroxylin lacquers, synthetic and natural gums and resins and crude rub-
ber. It is also used in such preparations as adhesives, plastic compounds,
caulking compounds, bronze and aluminum paint, aluminum pastes, inks,
fly-paper and waterproofing compounds; and with cumar resins, and
natural and synthetic resins.

Acid number 1.0 to 0.1

Boiling point 300° C.-370° C.
Flash-point 300° F. .
Specific gravity 0.950 to 1.04 at %
Vapor pressurc 10-14 mm. (200° C.)

Butyl Oleate

Butyl oleate [CH3(CH;);CII: CH(CH,);COOCH,] is an oily liquid
and is miscible with vegetable and mineral oils. It is a solvent for benzyl
abietate, cumar resin, copal and ester gum. When it is added to cellulose
ester it will impart water-resisting and high-polishing qualities. It requires
the addition of a solvent or solvent-plasticizer for incorporation owing to
its lack of solubility for nitro- and acetylcellulose, and it consequently can-
not be used in large quantities.

Other Oleates

Methyl, ethyl and propyl oleates are softeners and emollients for cel-
lulose ethers. Ethyl oleate is used as a softener in cellulose-ester stencil
sheets; and butyl oleate imparts water-resisting qualities to cellulose-ester
films and plastics.

Oxystearates and Oxyoleates

Some seventy solvents and softeners have been proposed by Kessler and
Helfrick ® which comprise such types as methyl, ethyl, butyl, glyceryl,
phenyl, and naphthyl oxystearates, oxyoleates, ricinoleates and so forth.
The solvency of these compounds is augmented by adding a small amount
of an active solvent.

Ethyl Sebacate

Ethyl sebacate has been proposed owing to its power to impart softness
and pliability without tackiness. As much as 50 per cent of an alkyl
sebacate may be added to a cellulose ester or ether.

Ethyl Palmitate

Ethyl palmitate imparts silky and glossy effects to threads of acetyl
cellalose,
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STEARATES
Amyl Stearate

Amyl stearate [CHa(CH:);6COOCsH;1;) when used with an active
solvent, imparts a silky feel to cellulose-ester films and plastic bodies and
renders the material water-repellant,

Some of the other solvents and plasticizers proposed are methyl-, ethyl-,
propyl-, amyl-fluor- (or -chlor-, or -brom-) stearates, palmitates or
myristates.

Butyl Stearate

Butyl stearate [CH3(CH,)14COOC,H,] is a stable, water-insoluble
liquid. It is miscible with mineral and vegetable oils, dissolves crude
rubber and natural and synthetic resins. It is used as a solvent and ther-
moplasticizer. It is most efficient when dissolved in a solvent-plasticizer
and should not be used in quantities exceeding 5 per cent of the weight
of acetylcellulose or 2 per cent of the weight of nitrocellulose. As a plas-
ticizer, it imparts lubricating, water-repelling and polishing properties.
25°C.

0.855 0 0.862 at Jis=

Specific gravity G

Odor Faint

Distillation range
Weight per U.S. gallon
Approx. change in wt.
Solubility in water

Solubility of water
in butyl stearate

Freezing point
Refractive index
Molecular weight

Methyl Cyclohexanyl Oxalate

220°-225° C. (25 mm, Hg.)
7.14 1bs. (68° F.)

00033 1b./gal./° F.

0.29% by vol. (25°C.)

0.039, by vol. (25° C.)
19° C. (66° F.) (about)
1.44456 (20°C.)
340.47

Methyl cyclohexanyl oxalate [ (CH;3;CgH;000C),, Barkite] is a color-
less, odorless, neutral, anhydrous, stable liquid comprising a mixture of
isomers. It is miscible with most lacquer solvents and diluents and will

dissolve cellulose esters and ethers.

Methyl cyclohexanyl oxalate is used

with nitrocellulose in quantities up to 150 per cent but with acetylcellulose
quantities should not exceed 66 per cent. It is also used as a wetting agent

for pigments.

OxaMic EsTErs

Methyl, ethyl, propyl and amyl oxamates (NH,COCOOQOR) have been
proposed as camphor substitutes and have been used in the manufacture

of cellulose-ester thermoplastics.
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PHENOLS

(RC6H4OH)
p-tert-Butyl Phenol
p-tert-Butyl phenol (CsH,CeH,OH) is a white, crystalline solid of
distinctive odor. It has been proposed as a plasticizer for acetylcellulose.

Boiling point 236-238° C.
Melting point 98° C.

Tertiary butyl cresol has also been proposed.

Hexahydro-Ortho-Cresol

Hexahydro-o-cresol has been proposed as a plasticizer for cellulose
acetate. Its escharotic nature, like that of all other phenols, has mili-
tated against its use.

Mannitol

Mannitol [CH,OH(CHOH),CH,OH, Mannite] is a hexahydric
alcohol of a sweet taste, odorless and crystalline in character. These
white crystals are very soluble in hot water, soluble in hot alcohol, slightly
soluble in cold alcohol, and 16 parts are soluble in 100 parts of cold
water. They are insoluble in most organic solvents. Mannite is used in
making fancy paper and resins, and as a starting point in making ethers,
esters, acetals, etc.

Melting point 166-167° C.
Refractive index 1.3454
Neutral to methyl orange

Sorbitol

Sorbitol [CH,O(CHOH),CH,OH, M.W. 182.1] is a white, odor-
less, crystalline, hexahydric alcohol of a neutral reaction and pleasant
taste. It is made synthetically from dextrose and is available commer-
cially as a thick, viscous, syrupy liquid of honey-like taste and odor. This
syrupy liquid contains approximately 85 per cent of Sorbitol, the remainder
being water with small amounts of glucose and sodium sulfate.

This hexahydric alcohol is very soluble in water, and soluble to a
certain extent in ethyl alcohol, methyl alcohol, acetic acid, pyridine and
phenol. An aqueous solution is miscible in all proportions with ethyl
alcohol. The physical properties of the 85 per cent and 75 per cent solu-
tions are comparable to those of glycerin and the glycols in very low
volatility, specific gravity, viscosity, refractive index and hygroscopicity.
It is used as a flexibilizer, as a conditioning and lubricating agent in the
manufacture of leather, tobacco, paper, textiles and regenerated cellulose
sheets. It is also used to make all-weather print rolls, in printing ink,
in fat-liquoring operations, in making resins, antifreeze preparations, cos-
metics and pharmaceuticals. It is employed in the synthesis of Vitamin C,
ethers, esters, acetals, metallic complexes, etc.
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C}f:l:;iecal 15% Solution 25% Solution
Melting point 93-95° C.
Specific gravity 1.350 1310
iscosity 7400 centipoises 300 centipoises
(25°C.) (25° C.
Refractive index 1.484 (25°C.) 1.462 (25°C.)

Prospuoric IESTERS

The alkyl, aryl and aralkyl phosphates (R3PO,4) possess the power
to dissolve both cellulose esters and ethers either in the cold or with the
aid of heat. They may be classified as follows:

1. Aryl phosphates: composed mostly of triphenyl-, tricresyl phosphates.

2. Haloid aryl-, or alkyl-, or aralkyl phosphates: dihaloid-, or tetrahaloid-,
aryl phosphates, or alkyl phosphates, or aralkyl-phosphates.

3. Aryl, or chloraryl, or nitroaryl, or thiophosphates.

4. Di-aryl phosphoric anilid or aryl phosphoric dianilid: examples of these
are diphenyl-, dicresyl, dinaphthyl phosphoric amlid and mono-aryl phos-
phoric dianilids, which are good plasticizers for nitrocellulose and cellulose
ethers. Many of these have the disadvantage of imparting color and odor
to the finished product.

5. Alkyl esters of aryl phosphoric acid, and aryl phosphoric acid anilid and
dianilids.

6. Oxy-aryl phosphates.

7. Alkyl-glycol phosphates. These compounds comprise such substances as:

Dimethyl-glycol butyl-glycol phosphate
Dipropyl-glycol butyl-glycol phosphate
Butyldiethyl glycol phosphate
Benzyldimethyl glycol phosphate
Tributyl glycol phosphate

These phosphates are colorless and stable; they possess a high boiling
point and low inflammability, and are excellent solvents for cellulose ethers.

Triphenyl Phosphate

Triphenyl phosphate [PO(OCg¢Hj;)s] is a colorless, odorless, non-
inflammable, crystalline solid. It is soluble in most lacquers, solvents and
thinners, and oils. It is a more powerful solvent for nitrocellulose than
is tricresyl phosphate. It is used as a plasticizer for nitrocellulose in
quantities not exceeding 100 per cent of the weight of cellulose ester and
with actylcellulose its retentivity is almost 70 per cent. If an excess is
used, it has a tendency to crystallize out of the solid solution. This unde-
sirable feature can be overcome by substituting part of the triphenyl phos-
phate with a liquid plasticizer of high solvent power. Triphenyl phosphate
retards inflammability, and imparts flexibility, clearness and toughness to
cellulose derivatives. In order to obtain good results with cellulose ethers,
triphenyl phosphate should be mixed with dibutyl phthalate and then dis-
solved in a low-boiling active solvent. This plasticizer is employed in
making stencil blanks, dopes, films, varnishes, enamels, plastics and
lacquers; as a lubricant, as a camphor substitute in celluloid, and for
impregnating roofing paper.
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Appearance White flakes
Odor Very faintly aromatic
Melting point 48.5° C. min. start

Solution in alcohol
(10l gms. in 50 cc.)

or Practically water-white
Turbidity Not more than faintly opalescent
Permanganate test Distinct purple color to be
present after 30 minutes
Purity 999, min.
Phenol 0.1%, max.
Acidity 0.003%, max. (as phosphoric acid)

Tricresyl Phosphate

Tricresyl phosphate [PO(OCgH,CHj)s, tritolyl phosphate, Lindol,
Kronitex] is a colorless to straw-colored, stable, non-volatile, odorless
liquid. It is miscible with oils, hydrocarbons and most of the organic sol-
vents and thinners. It is a solvent and plasticizer for nitrocellulose and
cellulose ethers and by adding an active solvent its dissolving power is
accentuated. Tricresyl phosphate is one of the few widely used plas-
ticizers. It is extensively used with nitrocellulose in quantities ranging
up to 100 per cent by weight of cellulose ester. Acetylcellulose, however,
cannot tolerate more than 10 per cent and consequently tricresyl phos-
phate should be used with solvent-plasticizers and dissolved in an active
solvent. Its presence in cellulose ether preparations and ester gum var-
nishes imparts elasticity; it does not lower the ratio of dilution of the sol-
vent mixtures ; and finally its presence in the films imparts tensile strength,
flexibility, water-resistance and luster, and permits rubbing and polishing.
In addition, it has the property of wetting pigments and is a good grinding
medium. Tricresyl phosphate is used as a plasticizer for most types of
lacquers, dopes, coating compositions, paper and textile products, synthetic
resins and rubber. It is also employed in waterproofing and fire-proofing
many preparations.

Acidity Neutral to methyl orange
Boiling point 275-280° C. (20 mm.)
Color Practically colorless liquid
Dilution ratio with toluene 3.2 (dibutyl 2.7)
Evaporative residue At atmospheric pressure, not weighable
Ignition temperature Non-inflammable (dibutyl 185° C.)
Odor None (initial and residual)
Phenols None
Purity 1009% as tricresyl phosphate
Refractive index 1.554 to 1.556 (25°C.)
Specific gravity 1.170 to 1.180 (20° C.)
Water Completely dry with gasoline and
insoluble

Congealing point Liquid at — 20° C.
Weight loss

at 100° C. For 100 hrs. less than 0.259%, (di-

butyl about 4% in 6 hrs.)
at 51°C. For ?.'56 days, none (dibuty! about
o
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Tributyl Phosphate

Tributyl phosphate [PO(OC4Hy)3] is a light-fast, odorless and color-
less liquid. It is miscible with most liquid solvents and diluents and will
dissolve nitro- and acetylcellulose, shellac and so forth. It is not only
a plasticizer but will diminish inflammability.

Boiling point
Flash-point
Refractive index
Specific gravity

177-178° C. (27 mm.)
146° C.

1.426

0.979 (20° C.)

PuruALIC ESTERS

COOR

The phthalic esters CiH, are an important class of compounds

\COOR
which possess a variety of functions. Some are latent solvents, others are
direct solvents, and others are softening agents and plasticizers for a wide
range of cellulose esters and ethers.

Dimethyl Phthalate

Dimethyl phthalate [CsH4(COOCHj3;).] is a colorless, odorless, light-
fast, non-toxic liquid. It is miscible with most solvents, plasticizers
and resins. Dimethyl phthalate is a good solvent and gelatinizer for
cellulose nitrate and acetate, resins and rubber. In cellulose lacquers it
is used in proportions up to 75 per cent on the weight of cellulose ester
and gives excellent films of good adhesion and flexibility. This plasticizer
is used both alone and in combination with other plasticizers for cellulose
esters, resins, in rubber sheeting, films, lacquers, transparent paper, mold-
ing powder, plastics, laminated glass and so forth. The commercial prod-
uct, Palatinol, is said to be dimethyl phthalate.

Purity
Specific gravity

Acidity

Molecular weight
Odor
Boiling point
Boiling point
Flash-point
Weight per U.S. gallon
Solubility in water
Solubility of water
in dimethyl phthalate

Coefficient of expansion

Dilution ratio
(nitrocellulose solution
method)

99% to 1009, dimetohyl phthalate

1.192 to0 1.194 at 0°C.

0.19%, (as phthalic acid)

0.68 mg. =0OH required for neutraliza-
tionof 1 g.

194.13

Very faint

186-194° C. (50 mm.)

282.0° C.

132° C. (270° F.)

9.93 1bs. (68° F.)

0.459%, by vol. (25° C.)

1.8% by vol. (25°C.)
§0.00042/1° F.
10.00076/1° C.
2.9 with toluene
Not miscible with petroleum naphtha
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Diethyl Phthalate

Diethyl phthalate [CeH4(COOC:H;)2] is a water-white, stable, odor-
less, combustible, but not inflammable liquid of bitter taste. It is com-
pletely miscible with alcohols, ketones, esters and aromatic hydrocarbons
but only partly miscible with aliphatic solvents. Diethyl phthalate is a
solvent for benzyl abietate, cellulose nitrate and acetate, cumar resins, ester
gum, copal ester, glyptols, ketone-aldehyde resins, linoxyn, mastic and
shellac. It is employed as a mutual solvent and plasticizer for cellulose
derivatives and resins and has good retentivity. It is used in cellulose
acetate plastics in quantities up to 100 per cent of the weight of acetyl-
cellulose. Nitrocellulose will not tolerate more than 80 per cent of its
weight of diethyl phthalate and the retentivity of glyptol resins is 25 per
cent. It is also used as a plasticizer for cellulose ethers, as a fixative in
perfumes, in insecticidal sprays, as a camphor substitute, in oiling textile
fabrics, as a wetting agent in the grinding of pigments and in such prepa-
rations as films, stencil sheets, floor coverings and so forth. It imparts
to films a transparency to ultra-violet light.

Acidity 0.039, free acid as phthalic
Color Water-white
Dryness Miscible without turbidity
with 20 vols. 60° B6é.
gasoline at 20° C.
Odor Odorless
Purity 99-1009, ester content as
dicthyl phthalate
Specific gravity 1.117 to 1.121 at 20°C.
: 20° C.
Boiling point Between 200°and 207° C. at
50 mm. absolute pressure
Coefficient of expansion % gggg;gﬁo g

3.8 with toluenc

10.7 with petroleum naphtha
Flash-point 325° F. (approx.)

Water solubility 100 cc. solvent dissolves
0.7 cc. water (25°C.)

Dilution ratio

Dibutyl Phthalate

Dibutyl phthalate [CeH,(COOC,Hy):] is a water-white, stable, odor-
less, non-volatile, non-toxic, oily liquid. It is miscible with most of the
organic solvents, plasticizers, oils and hydrocarbons. This plasticizer is
a solvent for cellulose nitrate and ethers, dyes, oils and resins; and when
mixed with ethyl carbonate it will dissolve blown drying oils, metallic
resinates, rubber, acetylcellulose and hard copals on heating. Some of
the natural and synthetic resins which are soluble in dibutyl phthalate com-
prise benzyl abietate, cumar resins, ester gum, copal ester, glyptols, mastic,
vinyl resins and so forth.

Dibutyl phthalate is perhaps the most generally used plasticizer because
it most nearly approaches the ideal plasticizer in its characteristics. It is



PLASTICIZERS 425

colorless, odorless, stable to heat and light, non-toxic and tasteless; it has
good solvency and dispersion power, compatibility and high dilution ratio;
and it remains permanently in the film. It is employed in nitrocellulose
plastics, cements, molding compounds, with cellulose ethers, synthetic
resins, molding resins and chlorinated rubber. Owing to its high solvent
power it is used in printing inks, dye preparations, perfumes and insec-
ticides. It is also used as a greaseless lubricant in the textile industry
because it imparts flexibility and durability to the fibers; as a grinding
medium for pigment; as a fixative for perfumes; and as a plasticizing
agent in making leather dopes, Cellophane, non-cracking Titanox lacquers,
paper, safety glass, shellac and molded products. When it is used together
with nitrocellulose its amount will range from 10 to 60 per cent depending
upon the desired clarity or pigmentation of the lacquer.

Purity 99-100%, dibutyl phothalate

20° C.
1.047 to 1.049 at 0°C.

Specific gravity
Color W.ater-white

Odor

Molecular weight
Distillation range
Flash-point

Weight per U.S. gallon
Approx. change in wt.

None

278.18

227°-235° C. (37 mm. Hg.)
158°-174° C. (316°-345°F.)
8.72 1bs. (68° F.)

0.0016 1bs./gal./° F.

0.04% by vol. (25° C.)

039 by vol. (25°C.)

1.48885 (20° C.)
{0.00042/1" F.

0.00076/1° C.

2.7 with toluene

1.7 with petroleum naphtha

Solubility in water

Solubility of water
in dibutyl phthalate

Refractive index
Coefficient of expansion

Dilution ratio
(nitrocellulose solution
method)

Metal Alkyl Phthalates

The metal alkyl phthalates have been proposed as a new phase in plas-
ticizing wherein high solvency, stability, weather-resistance and pigmen-
tation are combined. Lead, cadmium, iron, manganese, nickel, zinc and
cobalt butyl or amyl phthalates are used in nitrocellulose lacquers, paints
and enamels.

Diamyl Phthalate

Diamyl phthalate [CgH4(COOCsH11)2] is a colorless, stable, com-
bustible, but not inflammable, high-boiling, non-toxic liquid of faint odor.
It is miscible with most of the lacquer solvents and diluents, oils and
hydrocarbons and is compatible with most resins. It is a solvent for
nitro and acetylcellulose and many of the natural and synthetic resins.
Diamyl phthalate is used as a plasticizer for cellulose esters in quantities
up to 100 per cent on the weight of the cellulose ester. It imparts sta-
bility, elasticity, weatherproofness and high tensile strength to the film.
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It is also used with resins, in rubber cements, as a foam preventive in glue
manufacture and as a medium of heat transfer.

Acidity 0.03%, free acid as phthalic

Color Water-white

Dryness Miscible w1thout turbidity
with 20 vols. 60° Bé.

) gasoline at 20° C.

Odor Practically odorless

Purity 99-1009%, ester content as
diamyl phthalate

Specific gravity 1.022-1.026 at ;8 (C3

Boiling point Between 247° and 255°C at

50 mm.oabsolute pressure
Coefficient of expansion ;8838%;%‘, g
Dilution ratio

(nitrocellulose solution 2.2 with toluene

2.0 with petroleum naphtha

method)
Flash-point 357° F. (approx.)
Water solubility 100 cc. solvent dissolves

0.05 cc. water (25°C.)

Dimethyl Glycol Phthalate

Dimethyl glycol phthalate [C¢H,(COOCH,CH,OCHj)2, methyl “Cel-
losolve” phthalate] is a colorless liquid. It is a solvent for cellulose esters
but with the reservation that ethyl alcohol or ethyl alcohol-benzene mixture
must be added. When employed as a plasticizer for cellulose esters it is
used in quantities up to 50 per cent.

Boiling point 230° C.
Specific gravity 1.17
Acidity 0.10%

Diethyl Glycol Phthalate

Diethyl glycol phthalate [ (CoH;OCH.CH,OOC)2Cglly, diethoxyethyl
phthalate] is a solvent for nitrocellulose and is employed as a plasticizer
for cellulose esters in quantities up to 50 per cent.

Specific gravity 1.115 to 1.120 at g—%—

Weight per U.S. gallon 9.31 1bs.

Color Water-white to pale straw
Dryness Infinite with toluene

Acidity Under 0.109, (as phthalic acid)
Melting point Completely miscible with toluene

and lacquer thinners; completely
solublein large excess of naphtha

Toluene dilution factor 20% higher than that of dibutyl
phthalate for nitrocellulose

Evaporation rate 199% of that of dibutyl phthalate
at 100° C.

Solvent power Dissolves nitrocellulose

Purity 98-1009%, ester content as ethoxy-

ethyl phthalate
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Butyl Glycol Phthalate

Butyl glycol phthalate is a high-boiling liquid soluble in most organic
solvents. It is employed as a plasticizer for acetylcellulose in quantities
up to 33 per cent.

Boiling point 370° C.

Dibutyl Hexahydro Phthalate

Dibutyl hexahydro phthalate (Hydropalat B) has been proposed
as a plasticizer for nitrocellulose.

Boiling range 185°-190° C.
Flash-point 152° C.
Specific gravity 1.005

A mixture of similar esters is known as “Hydropalat C.Y.” and is
recommended as a gelatinizer for cellulose acetate.

Boiling range 130-195° C. (15 mm.)
Flash-point 105° C.

Various Other Phthalates
The following plasticizers are recommended for celiulosc esters:

Cyclohexyl phthalate Cyclohexyl-phenyl phthalate
Cyclohexyl-isopropyl phthalate Cyclohexyl-benzyl phthalate
Cyclohexyl-n-butyl phthalate Cyclohexyl-dicyclohexyl phthalate

Cyclohexyl-amyl phthalate

Glyceryl phthalate, phenyl phthalate and benzyl phthalate can be
employed with nitrocellulose and acetylcellulose.

HALOGENATED BENZENES, NAPHTHALENES AND ANTHRACENES

A number of halogenated benzenes have been proposed as plasticizers
for cellulose ethers. Usually the solvent power of these substances is
improved by the addition of a latent solvent like a lower aliphatic alcohol.
Some of these halogenated products are:

Benzyl chloride Benzotribromide
Benzyl bromide Benzal bromide
Benzotrichloride Benzal chloride

Xylene chloride, p-xylene dichloride and naphthalene chloride possess
plasticizing properties for nitrocellulose.

The di-, tri-, tetra-, penta-, hexa-, hepta-, and octochlornaphthalenes,
bromnaphthalenes, or fluornaphthalenes have been advocated as high-boil-
ing plasticizers. The halogenated naphthalenes and anthracenes when
mixed with aliphatic alcohols, esters or ketones possess the power to dis-
solve both cellulose esters and ethers. They are used in the manufacture
of stencil sheets and celluloid, and are also used in fire-retarding mixtures.
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Tetrahydro Naphthalene Derivatives

Some other naphthalene derivatives proposed as plasticizing agents for
cellulose esters and ethers are:

1- or 2-tetrahydronaphthalenesulfo-ethylamide
Tetrahydronaphthalenesulfo-oxyethylamide
Tetrahydronaphthalenesulfomide
Cresyl-1-tetrahydronaphthalenesulfonate
Cresyl-2-tetrahydronaphthalenesulfonate
Tetrahydronaphthalene
Tetrahydronaphthalenesulfoacid cresyl ester

Pyridine, Quinoline and Acridine

Pyridine, quinoline and acridine and their homologues and analogues
are solvents for cellulose esters and ethers when used together with other
solvents. Pyridine, quinoline and acridine are related to benzene, naphtha-
lene and anthracene respectively with the exception of one CH-group which
is replaced with nitrogen.

Saricyric EsTERrs

[C¢H4(OH)COOR]
Methyl Salicylate
Methy! salicylate [CsH4(OH)COOCH;, Oil of Wintergreen] is a
solvent for cellulose derivatives. It has formerly been used as a solvent
in lacquers but it has since been replaced by other solvents.

Boiling point 219-224°C.
Specific gravity 1.18-1.185

Other Salicylates

Esters of acetyl salicylate have been proposed as high-boiling sol-
vents for cellulose ethers and esters. Some other esters proposed are
ethyl, amyl, butyl, glycol, phenyl and benzyl salicylates which have a wide
range of solvent power.

ArLxyL Sivicic EsTERS

Alkyl silicic esters are soluble in alcohols, ethers, ketones and esters,
They are solvents for nitrocellulose and possess the added quality of reduc-
ing inflammability.

SULFONAMIDES

The sulfonamides (RSO:NH>) are good plasticizers for nitrocellulose
and cellulose acetate and are used in making celluloid, films, lacquers, var-
nishes, thermoplastic bodies and so forth, and as softeners for cellulose
ethers.
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p-Toluene Sulfonamide

p-Toluene sulfonamide (CH3CyH4SO.NH,, Abracol 789, Saniticizer
9, New camphrosal) is a white solid which is toxic when taken inter-
nally. It is soluble in most organic solvents and many of the vegetable
oils, with the exception of the aliphatic and aromatic hydrocarbons.
Small quantities are needed to impart good working qualities and gloss
to molded products. It is employed as a plasticizer in synthetic resins,
molded protein products and cellulose esters; and when used together with
other high-boiling solvents it is advocated as a camphor substitute in
pyroxylin. When it is used with cellulose esters not more than 30 per cent
can be employed. Protein materials, such as casein and glue, will tolerate
quantities ranging from 10 per cent to 40 per cent and shellac is improved
by the addition of 10 per cent.

Appearance Fine granular particles*
Melting point 137° C.

Melt Liquid, clear and light yellow
Acidity pH 4.6 min. in dilute acetone

(2 gram sample in 15 cc.
A.R. Acetone and 35 cc. of
CO; free distilled water)

Reaction to Bromcresol Green Neutral

*Mixture of o- and p-toluene sulfonamides.

o- and p-Toluene Ethyl Sulfonamide

o- and p-toluene ethyl sulfonamide (Santicizer 8) is an amber-colored
liquid. It is miscible with most organic solvents with the exception of the
aliphatic hydrocarbons. It is a plasticizer for acetylcellulose and nitro-
cellulose and imparts plasticity, brilliance and polish. However, its insta-
bility to light militates against its wider use. When used with cellulose
acetate quantities ranging up to 90 per cent are permissible.

TABLE 122.—Tensile Strength Tests* on Plasticizerst?

~—25 Per cent— ‘;—50 Per cﬁf—ﬁm ~100 Per cent—
Elonga- Elonga- Elonga-
Plasticizer T.S. tion T.S. tion T.S. tion
Kg./ Per Kg./ Per Keg./ Per
sq.cm.  cent $g.cm.  cemt $g.cm.  cent
p-Toluene sulfonamide 408 3
Benzene methyl sulfonamide 453 7 320 12 80 40
Benzene ethyl sulfonamide 414 10 290 10 115 50
p-Toluene methyl sulfonamide 460 4
p-Toluene ethyl sulfonamide 380 6 360 8
Xylene methyl sulfonamide 475 8 350 10 350 10
p-Toluene sulfonanilide 335 10 383 6
p-Toluene methylene sulfonamide 660 2 408 3 349 5
No plasticizer 355 0

*Results after 7 days.
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TABLE 125.—Retentivity of Plasticizers in 15-Sec. Acetyl Celluloset?

. Maximum Retentivity

Plasticizer Per cent
-Toluene sulfonamide 30

enzene methyl sulfonamide 100 +

Benzene ethyl sulfonamide 100 +
p-Toluene methyl sulfonamide 40
p-Toluene ethyl sulfonamide 40
Xylene methyl sulfonamide 100
p-Toluene sulfonanilide 70
p-Toluene methylene sulfonamide 200

SULFONATES
(RSO3R)
Ethyl p-Toluene Sulfonate
Ethyl p-toluene sulfonate (CH3;CqH SO3C.H;) is a toxic, unstable
solid and is soluble in many of the organic solvents. It has been proposed
as a plasticizer for acetylcellulose.

Melting point 32° C.

Cresyl p-Toluene Sulfonate

Cresyl p-toluene sulfonate (CH3ColI,SO3C¢H,CHj, tolyl p-toluene
sulfonate) is a brown, oily liquid of faint odor. It is used as a plasticizer
for cellulose acetate because of its gelatinizing effect.

Flash-point 184° C.
Specific gravity 1.207

Other Sulfonates

A number of benzene, toluene, and xylene sulfonates have been pro-
posed as plasticizers for cellulose acetate. Some of these are excellent
ethers and esters. It is claimed that an aqueous solution of methanesul-
fonic acid will dissolve cellulose.

SULFATES
Diethyl Sulfate
N . :
Diethyl sulfate /SO. is a non-inflammable, non-corrosive, neutral
C.Hy
liquid of faintly ethereal odor. It is used as an ethylating agent in the
preparation of amines, aromatic ethers, esters, imides and so forth.

Acidity More than 0.03%, (as sulfuric acid)

Purity Not less than 987, by wt.

Color Water-white .

Specific gravity 1.177 to 1.182 at %go—g-

Boiling range 959, between 106° C. and 111° C, (25 mm.)
Solubility Completely miscible with ethyl alcohol

and ethyl ether
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SULFONES

These stable compounds (R2SO2z or RSO2R) have each of their organic
radicals linked to sulfur. These proposed compounds are of the type of
dialkyl, alkyl-aryl, diaryl sulfones and are advocated as solvents and plas-
ticizers for cellulose derivatives. Dimethyl sulfone has a melting point
of 70° C. and a boiling point of 248° C.

SULFOXIDES

Sulfoxides (R2SO or RSOR) are softeners for cellulose esters and
ethers and are used as camphor substitutes.

TARTARIC ESTERS

) CH(OH)COOR ] .
Tartaric esters | are neutral in reaction and have a low
CH(OH)COOR
vapor pressure. The lower members, however, are at a disadvantage by
being water-soluble. These esters will dissolve both cellulose acetate and
resins. When used together with an active solvent they will dissolve many
of the cellulose ethers.

Dibutyl Tartrate

. CH(OH)COOCH, . . . . .
Dibutyl tartrate | is miscible with most lacquer solvents,
CH(OH)COOC, I,

oils and hydrocarbons, and is a solvent for benzyl abictate, nitro and

acetylcellulose, cellulose ethers, cumar resins, ester gum, copal ester,

glyptol resins, shellac, vinyl resins and so forth. It is employed both as a

plasticizer for cellulose csters and ethers in quantities up to 100 per cent,
and in transfer inks.

Boiling point 292° to 312° C.
Acidity 0.05% max.
Flash-point 160° C.
Ester content 95 to 1009,
Melting point 21.8°C.
Refractive index 1.442
Specific gravity 1.064 to 1.091
Diamyl Tartrate
. CH(OH)COOGH,, . . . oy
Diamyl tartrate (|: is miscible with oils, hydrocarbons
H(OH)COOC:H;,

and most of the lacquer solvents. It will dissolve Bakelite resins, benzyl
abietate, cellulose acetate and nitrate, cumar resins, copal ester, ester gum,
glyptol resins, mastic, soft copals, shellac, vinyl resins and so forth; and
when mixed with active solvents it will dissolve cellulose ethers. Diamyl
tartrate is a good plasticizer for cellulose esters and ethers and glyptol resins
and is employed in these products in quantities up to 80 per cent. Not
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only is it a plasticizer but it functions as a mutual solvent for cellulose
derivatives and resins. When used with nitrocellulose the quantity should
never exceed an equal weight of the cellulose nitrate.

Boiling point 398° 1o 400° C.

Refractive index 1.45

Specific gravity 1.04 to 1.06
URrEeAs

Urea (RHNCONHR or R:NCONR;) has been used as a stabilizer
for cellulose esters and is usually admixed with other substances. Some
of the proposed urea esters are urea acetate, benzoate, butyrate and so
forth. The substituted ureas comprise the mono-, di- and trimethyl ureas.

Diethyl Diphenyl Urea

C2H[‘\\NCON/CGHE
car” NGyt
of peppery odor and is soluble in most organic solvents. It is used as a

plasticizer for acetylcellulose and shellac.

Diethyldiphenyl urea is a white, crystalline solid

Boiling point 325° to 330° C
Flash-point 150° C.
Melting point 72° t0 73° C.
Specific gravity 1.12 (20° C.)

Diethylene Glycol Monoacetate

Diethylene glycol monoacetate is miscible with water and aromatic
hydrocarbons. It is a solvent for camphor, rosin acetyl and nitrocellulose.

AMYL NAPHTHALENES
Monoamyl Naphthalene

Monoamyl naphthalene (CyoH;CsHi1) is a neutral, non-toxic, stable,
unsaponifiable liquid. This hydrocarbon is miscible with organic solvents
and appears on the market as an amber-colored, technical product and also
as a water-white, pure liquid of slight odor. Its solvent-power and low
vapor pressure make it a valuable plasticizer for rubber, asphaltic material
and natural and synthetic resins. Monoamyl naphthalene is used in inks
and as coupling agent for mineral and vegetable oils.

Boiling range 279° to 320° C. (760 mm.)
158° C. (20 mm )
Boiling point {213° C. (100 mm.)
230° C. (175 mm.)
-60°C

Freezing point

Flash-point 277° F. (open cup)
Heat of vaporization 63.4 cal./g. (calculated)
Refractive index 1.5727 (20° C.)
Specific gravity 0.96 to 097 (20°C.)
Specific heat 0.411 cal./g.

apor pressure 0.0098 mm. (20° C.)

Viscosity 0.1195 poise (20° C.)
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Diamyl Naphthalene

Diamyl naphthalene [CyoHg(CsHi1)2] resembles monoamyl naphtha-
lene in physical properties and uses.

Boiling range 326° to 375° C. (760 mm.)
198° C. (20 mm.)

Boiling point 258° C. (100 mm.)

275° C (175 mm.)

Freezing point - 30°C.

Flash-point 326° F. (open cup)
Heat of vaporization 50.6 cal./g. (calculated)
Refractive index 1.5535 (20° C.)
Specific gravity 0.93 to 0.94 (20° C.)
Specific heat 0.417 cal./g.

Vapor pressure 0.0012 (20° C.)
Viscosity 0.9810 poise (20° C.)

VYapor Press. (mmHg)

100 140 180 R20 260 300 340 380
Temp. °c

Ficure 264. Vapor Pressure of Various Plasticizers at
Different Temperatures.”
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Chapter 17

Graphical Expression and Interpretation

The physical and chemical properties of matter should be amenable to
mathematical or graphical interpretation providing we can control the
number of variables and have sufficient data. A variable is a property,
or a symbol of a property, the value of which changes during the discus-
sion. If, for example, one gram of a resin will dissolve in 1 cc. of alcohol
and 2 grams of resin will dissolve in 2 cc. of alcohol, and so forth, we can
say that the two variables are related in such a manner that when the value
of one is given the value of the other can be determined. This is true when
the other influencing factors are kept constant. The second variable is
called a function of the first. The variable and its function can be repre-
sented by a graph plotted on rectangular codrdinate paper.

let Y = gramg.of resin

let X = cc. of alcohol required

when ¥ = 1 gram of resin then X = 1 cc. alcohol
Y = 2 grams of resin then X = 2 cc. alcohol
Y = 3 grams of resin then X = 3 cc. alcohol
Y = 4 grams of resin then X = 4 cc. alcohol
Y = 5 grams of resin then X = § cc. alcohol

5 T T T T
41— _
Y=mX+b
3 -
Y
2 XY —
| = -
0 | | | |
{ 2 3 4 5
X

438
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Now plot the values and draw a smooth curve passing through or near
the plotted points. The fact that a smooth curve can be drawn to rep-
resent the values of the variable and their functions leads us to suspect
that some relationship exists between the measured values, which may
be represented mathematically by the equation for a straight line.

YumX+b

Let us consider the curves representing the evaporation rates in
the following graph.

100

80

Y- % Evaporation

Comparative Rate of Evaporation

| | | | | |
0 | 2 3 4 5 6 7
X - hours

If we apply the equation of a straight line for the 1-4 dioxane curve,

we get
YemX+0b

b = 0 (because the curve passes through the origin) :

when X = 6.66 hours; ¥ = 95.0%,
959, = 6.66m
m = 14.26

In other words, when X = 1 hour or when 1-4 dioxane is exposed for one
hour, 14.26 per cent of it will evaporate.
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The following table records the solubility of a salt in a certain solvent
at different temperatures.

Y =grams of salt Xm=°C.
31.0 2.0
36.0 7.3
40.0 11.5
48.0 19.8
54.0 26.0
59.5 32.2
67.3 40.0

‘—T
Y |
50
Y=amX+b
when Y =31.0; X =20
and when YV =673; X =40.0
then 31.0 =2m + b
67.3 =40m + b
Solving for m and b
b = 29.09
m = 0.955

y = 0.955X + 29.09
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Hyperbolic Curves of the Type ¥ = aX?®

6 T T 1 T T
- ‘Hyperbolic -
Curves
Y=ax-b
4 ]
Y 3 -
2 - -
'~ -]
|
[o] 1 6

In these curves b is negative, therefore

. 1 a
Y ="ax~b = ayg = 'O
As one variable increases, the other decreases.
Should we wish to determine if a set of data approximates the equation
of the form
VaaX®

we convert the above cquation into an equation of the first degree. This
is done by taking the logarithms of both members.

4 Y ="aXx®
log V=loga+blog X
let X!=logX and Y'=logV
V! = log a + bX! (this is an equation of the ﬁrst)
degree in terms of X! and 1!

It is interesting to observe that just as the equation ¥ = aX?® is con-
verted to an equation of the first degree, the plot of (log X, log V) or
(X1, ¥') will approximate a straight line rather than take on the form of
a parabolic or hyperbolic curve.
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It has been observed that the volume and pressure of a gas mixture
over water varied according to the following experimental data:

X= Y= log X = log YV =

191 134.0 0.28103 2.12710
2.3 105.0 0.36173 2.02119
3.4 68.0 0.53275 1.83251
4.9 46.0 0.69020 1.60206
5.8 30.0 0.76343 1.47712
6.81 23.1 0.83315 1.36361
7.30 21.17 0.86332 1.32572
8.82 16.9 0.94547 1.22789
9.56 15.2 0.98046 1.18184

Plot (X, Y) and note that the curve appears to be hyperbolic. Now, plot
(log X, log Y) and note that this approximates a straight line.

Log X
0.3 0.4 0.6 0.6 0.7 0.8 0.9 1.0 (8]

120 —2.00
100 —{1.80
80 —1160

Y
>
60 —{L40 o
°
]
40 —{i120
20 — 100
[ 1 | | | | | | 1
! 2 3 4 5 6 7 s 9 080
X
Y = aX®
log YV =loga+blog X
Divide the data into two groups of five sets:
log X log ¥ log X log ¥
0.28103 2.12710 0.76343 1.47712
0.36173 2.02119 0.83315 1.36361
0.53275 1.83251 0.86332 1.32572
0.69020 1.60206 0.94547 1.22789
0.76343 1.47712 0.98046 1.18184
2.62914 9.05998 4.38583 6.57018

9.05998 = 5 log a + 2.62914b 6.37018 = 5 log a + 4.38583b
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Solving for log ¢ and b
b= 1.6242
log a = 2.66625
a=4637
Y = 463.7X 10242

Hyperbolic Curves of the Type Y = a + bX"
The volume of solvent distilled and pounds of steam required vary
according to the following tables:

X =volume of Y=1bs of
solvent distilled steam Xy

9.87 11.66 115.09
18.13 10.17 184.38
29.84 947 282.59
41.16 9.18 377.85
52.01 9.01 468.61
61.34 8.92 552.15
74.12 883 654.44
85.71 8.717 760 48

Plot (X, V), note that the curve is a hyperbola. Now, plot (X, XV)
and note that this will approximate a straight line.

T T T T T T T T 700
13 —{ 600
Y= a+bx™"
12 - —{500
Y X.Y
- —{400
10 —~1300
9 XYy —200
1 1 1 | l | 1 |
0 10 20 30 40 X 50 60 70 80 90
XY =a + bX is a linear relation
therefore Vo _a)_{ +b
when XY = 115.09; X = 9.87
and when XY =760.48; X = 85.71

760.48 = a + 85.71b
115.09 = a + 9.87b

b =851
a=31.1
XY =31.1 +8351X

31.1
Y = 8.51 +7
Y = 8.51 +31.1X!

Solving for a and b
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. X X . .. 1 a
Hyperbolic Curves of the Type Y = Ty e tXorpmgt b

x X
when Y= =% —0.1FIX
X =1 1 1/1.9
X =2 2/3 2/3.9
X =3 3/5 3/5.9
X =4 47 4/1.9
X =5 5/9 5/9.9
X =08 1.33 0.8/1.5
X = 0.6 3 0.6/1.1
X =0.5 © 0.5/.9
The plot of ¥V = _X is a hyperbolic curve. The plot of (X X
a+bX : 'Y
or <X , 1—}.) will approximate a straight line.
| ] | | |
Y= _..L_..
. 0.1+2X |
6 -
Y= o9ax
54 -
Y
41 Y= 336 —
3 -
2, -
5 -
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The solubility of a certain type of nitrocellulose decreases with the
quantity of active solvent according to the following data:

X = golubility of Y =active
nitrocellulose solvent X/Y
24 5.10 0.47
3.1 4.81 0.64
4.3 4.55 0.94
5.0 4.46 1.12
5.9 4.39 1.34
6.8 4.33 1.57

The plot of (X, Y') is a hyperbola curve. Now, plot (X, X/Y¥) and
note that the curve approximates a straight line.

7 | I ] T 2.0
6 —
Y sl
4
3 1 ] l ]
2 3 4 5 6 7
X
XY =a+bX
when XYV «047; X =24
and when XY =157, X =6.8
1.57 = a + 6.8
0.47 = a + 2.4b
1.1 -44b
b=0.25
¢ =-—0.13
XY = -0.13 +0.25X
X

Y - 1 r0mx
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Hyperbolic Curves Involving Three Constants
VmaXbtc= j‘;—,; +c
VacmaX-?

The plot of ¥ = aX® + ¢ will be hyperbolic in form if b is negative.

The plot of (¥ — ¢ =loga + blog X) will approximate a straight
line. Before we can plot this curve we must first find the approximate
value of ¢. Choose two points on the curve ¥ = aX® + ¢ as (X1, V1)
and (X,, Y2). Then, choose a third point (X3, ¥3) so that

[ | I

i= VX, X,
VieaXb+¢
X = VX X
aXs = VaX?: aX?
Vi—c= V1= o)(¥z—c)

The tensile strength of a film increased with a decrease in the amount
of pigment present according to the experimental data:

Y—C=
X log X Y Y—(Z:l.98 log (¥ —23.35)
05 9.69897-10 27.62 5.64 0.75148
1 0.0 26.0 4.02 0.60423
2 0.30103 24.84 2.86 0.45637
3 0.47857 24.31 2.33 0.36736
4 0.60206 24.00 2.02 0.30535
6 0.77815 23.77 1.79 0.25285
8 0.90309 23.41 143 0.15534
9 0.95424 23.33 1.35 0.13033
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We must first find the value for ¢

when X1=1;Y,=26
and when X3 =9; Y, =23.33
X3 = X)X = V(DO = 3.0
Y3 = 24.31 (measured)

Calculate the values of c.
(Y)(V,) — V52 (26)(23.33) — (24.31)

S Y.+ V,-2Vs " 26 + 23.33 ~ 2(24.31)
¢ =2198

Plot the (X, Y). The curve is hyperbolic and approaches ¥V = 22
as an asymptote,

Now, plot log X, log (¥ — 21.98). The resulting curve approximates
a straight line so that the choice of the cquation ¥ = aX® + ¢ is verified.

Divide the data into two groups:

Log X
9.6-10 98-10 0.0 0.2 0.4 X} 08 1.0
28 T T T T T T T T ol

26 |-

Log(Y-23.35)

24—

22

log (Y —21.98) = log a + b log X
2.17944 = 4 log a + b (0.47857)
0.84387 = 4 log a + b (3.43754)

—- 04513 = b
a=3973

log (Y — 21.98) = 0.59885 — 0.4513 log X
YV = 21.98 + 3.973 X —0.4613
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Hyperbolic Curves of the Form Y = %7( + CwhenX=0and¥Y =C
a
This type of curve is a modification of the form ¥ = ——
s type of curve is a modification TTEX
X—42
x v X—42 ¥ —1.667 ¥ —1.667
4.2 1.556 0 0 0
6.4 1.738 2.2 0.071 30.9
8.1 1.770 3.9 0.103 37.62
9.7, 1.7907 5.5 0.124 44.34
10.2 1.796 6.0 0.129 46.28
12.8 1.817 8.6 0.150 57.3

Plot (X, ¥) and note that the curve is hyperbolic in form. Choose
any point on the experimental curve Xn, ¥Yn;

Xn
then Yn = a+bXn+C

a(X-Xn)

Y=Y = o Xa 1 6X)

AN o (a4 bXm) + 20 + DX W)X
X Xn
This is an equation of the first degree in X and 5=~
Let X»n = 4.2 and Y» = 1.667 and plot X, % and note that this

approximates a straight linc. Let us assume that the relation

T ! T 1 I | T I

55

8 50
Y s
r 45 1|5
xpt

L7 40

35

®

X-4.2
Y-1.667

then 309 =a + 6.4

=a+bX
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and 573 =a+12.8b
b=4.12
a=4.5

X—4.2
m =4.5+4.12X
X

V= m+ 1.667

The following experimental data give the grams (¥') that will dissolve
in 300 grams of a solvent mixture at X° C.

X )4 log X log ¥
1.8 7.290 0.2253 0.8627
2.1 10.448 0.3222 1.0191
3.6 33.48 0.5563 1.5247
4.9 66.0 0.6902 1.8195
6.4 118.74 0.8062 ,2.0746
8.2 204.8 0.9138 2.3114

Plot (X, Y), the curve appears to be a parabola of the type ¥ = aX?.
Now, plot (log X, log V) and note that it approximates a straight line.

Log X
0.3 0.4 0.5 0.6 0.7 0.8 0.9
250 [ [ | T I T |

150 |— —

501 -

Y - aX?
log V=~loga+blog X

Divide the data into two groups:

6.2055 = 3 log a + 2.4102)
3.4064 = 3 log a + 1.1036b
b=214
log a = 0.3492
a =2.235
log Y = 2235 +2.14 log X
Y = 2.235 X4
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Parabolic Curves of the Form Y= a 4+ bXn*

6

5 e
4|—

Y
s
2
Parabolic Curves.
| Y=aX |
| | | 1 |
0 | 2 3 x 4 5 6

In these curves b'is positive and one variable
increases as the other decreases.

Plot (X, V) from the following data:

X

1
1.3
1.6
2
24
2.7
3

ne=2

Y
241
3.18
4.14
5.74
7.06
8.59

10.3

*When # is known

1.69
2.58

5.76
7.29
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The plot of (X, Y) is parabolic in form. Now, plot (X2, ¥) and note
that this approaches a straight line.

X
. 2 3 4 5 6 7 8 9 1
0 1 I ! [ I I ! !
8 —
Y=a+bX"

(W".n“""n kﬂo'")

6
Y

4}
2

| |
o

let X' = X2
Y =a+bX’

Divide the data into two groups:

9.73 =3a 4+ 5.27)
25.95 = 3a + 22.05b
b =0.97
a=1.53
Y = 1.53 + 0.97X"
"2
Y =1.53 +0.972

Parabolic Curves of the Form Y=a + bX + ¢X?

This is an equation for a straight line modified by the addition of a
term of the second degree.

s
X Y X-1 Y-5.5 X-1
1 5.5 0 0 0
21 9.92 1.1 4.42 4.01
4.2 2643 3.2 20.93 6.54
6.3 $3.52 5.3 48.02 9.06
8.0 83.2 7.0 7.7 111
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Plot (X, ¥) and try to fit the curve to the equation ¥ = a + bX + cX2
Choose any point on thé experimental curve as

(Xm Y’)
then Yp = a + bX, + cXp?
and Y = ¥, = b(X=Xp) + c(X? = X,?)
and )I(,_ Y . b+ c(X-X)
.. . Y-Y,
This is an equation of the first degree so that the plot of X, X%
1 d
should approximate a straight line. Note that the curve passes through
(1,5.5) so that the plot of (X R 1;.515> should approximate a straight line.
Y-5.5
Plot (X, ﬂ>
100 T T T T T T T 15
80 i
Y=a+bX+eX®
ok ~s
Y s T
o %
wl % Je ™
5
20— -3
) ] ] | 1 | ! ]
1 2 3 4 s 6 7 8 9
X

Let us assume the relationship

1;2.15 -a + X’
11.1 = o’ + 80’
4,01 =o' +2.10
7.09 = 5.95'

b =12
a’ =15

Y-5.5
%1 = 1.5 +1.2X

Y-5.5 = — 1.5 +0.3X +1.2X2

Y=4+03X +1.2X?2
a=4

b=03

c=1.2
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Polynomials ¥ = a + bX + ¢X? + dX?
At times the curves representing experimental data may be expressed

by an equation of a polynomial.

12
2 3
gl Y=a+bX+ecX +d X
Y
| | | | |
(o] 0.2 04 0.6 0.8 1.0 12
X
X Y
0 2.4
0.2 2852
0.4 3552
0.6 4.680
08 8.412
1.2 12,832
Plot (X, ¥)

Let us assume that the equation is of the form
Ve=a+bX +cX?+dX3

since the curve intercepts the ¥V axis at 2.4

then a=24
and YV =24+bX +cX?+dX2

To determine the constants b, ¢, d select three points on the curve.

(0.2, 2.852) (0.6, 4.680) (1.2, 12.832)
XY ) Xy V2 ) (X5 Vs )
YV =244 bX +cX?+dX?
12.832 = 2.4 + 1.2 4 1.44c + 1.7284
5.080 = 2.4 4 0.6b + 0.36¢ + 0.216d
2.852 = 2.4 + 0.2 + 0.04¢ + 0.0084

Solve for b, ¢, and d.
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Exponential or Logarithmic Curves of the Form Y = a**

Take the log of both members of the equation
log Y =loga+ (bloge)X
let Y =log Y
Y =loga+ (bloge)X

This is an equation of the first degree in terms of

X, v)

Therefore, the plot of (X, ¥’) should approximate a straight line.

solve for the constants.

*Where ¢ is the base of the natural logarithms

Then
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Plot (X, Y) from the following data:

X
2
21
23
2.5
2.6

Y log X
73.46 0.3010
90.31 0.3222

137.77 0.3617

214.5 0.3979

258.64 0.4150
Log X

038 042 046 0.50

Q.54

log ¥

1.8660
1.9557
2.1382
2.3314
2.4129

300

250

200

150

100

50

The curve appears to be exponential.

Plot (log X, V) and note that this does not approximate a straight line,
Then plot (X, log V') and note that this does approximate a straight line.

log Y =log a+ (blog &)X
1.866 = log a + 2(b log €)
2.419 = log a + 2.6(b log ¢)
0.553 = 0.6 (b log e)
092 =0bloge

b=212
log a = 0.026

a=1.06
log ¥V = 0.026 + 0.92X

YV = 1.02e20X

455
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Exponential Curves of the Form Y = ae®* +¢

This is a modification of the simple exponential equation ¥ = aebX.
The plot of (X, log ¥ — ¢) should approximate a straight line.

V1Y, - Vit

¢ = asymptote = —m

X

. . . o,
Logarithmic Curves of the Form Y = ae***¥

log ¥ = log a + (b log €)X + (c log e) X?
let &' = (b log e)
¢’ = (clog e)
a' = (log a)

Then the above equation is equivalent to
log Y ma’ +b0'X +¢'X?
log Y -log ¥,
The plot of X, X-%,

should approximate a straight line.
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Equations Involving Four or More Constants

At times the plot of a simple equation will coincide approximately with
only part of the experimental curve and requires the addition of one or

more terms to make it fit throughout.
Such terms may be: cefX, or cX?

Y =a+bX Y = aebtX
Y = a+ bX + cedX Y = aebX + cedX
or Y =a+bX +cXd or Y = aebX + cX3
A Y = aX®
o+ X Y = aX? 4 cedX
X x or Y = aX® 4 cX4
Y—a—-ﬁ—i"FCE"
X
- d
or Y a+bX+CX
Curves of the Form Y =a + bX + ce®*
| | ! [ |
X3
- P -
d >
X ’
Y=a+bX+ce L’
— /, p—
7z
/d
Y X2 Ve,
- -
%L Y. | 1 | | 1
X

If part of this curve is a straight line, it can be expressed by the

equation
Y=ma+bdX

The deviation from the straight line can be measured.

Vi-Yi=Y-a+bX

The plot of (X, ¥Ys—7Y32) will approximate the exponential

Y’ = cedX

The entire experimental curve can then be represented by

Y = a+ bX + cedX
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Plot (X, V) from the following data:

x b4 Y Y-y
1.0 3.824 3.814
2.0 4.584 4.686
2.5 5.0 5.122
3.0 5.444 5.556
3.5 5.90 5.994
4.0 6.44 6.43 0.01
4.5 7.05 6.866 0.184
5.0 7.76 7.302 0.458
53 8.36 7.564 0.797
T T T T T
_1
—{2.0
—15 _
3
Y >
o
—1 05
v —0.0
—495-10
4 | | | | | 9.0-10
1 2 3 4 5 3
X
Fit the equation
Y ma+bX
for the straight line part of the curve.
3824 =a+b
643 =a + 4b
b =0.872
a = 2.942

Y’ = 2,942 +0.872X
Calculate the values for
YI
and Y-Y

Log(Y'Y')

log (Y-Y’)

8.000-10

9.26482-10
9.66087-10
9.90146-10
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Plot (X, ¥ — Y’) and note that the curve appears to be exponential
of the form
Y = cedX

Plot X, log (Y — Y’) and note that this approximates a straight line.
log (Y -Y') =log ¢+ (dlog &)X
9.26482-10 = log ¢ + (d log e)4.5

9.90146-10 = log ¢ + (d log €)5.3
063664 = (d log €)0.8

since log e = 0.4343
d= 0.63664
04343 x 0.8
d = 1.802
¢ = 0.00006
Y=Y’ = 0.00006¢! 802
Y = 2.942 + 0.872X + 0.00006¢!802X

Curves of the Form Y = ae®* + ce®*

A part of this type of curve may be represented by the exponential
YV = getX

The plot of X, log ¥ for the values of this part of the curve will
approximate a straight line. The deviation from the straight line

DumY ~YVal —~aetX
The plot of (X, D) will take the form of the exponential
D = cedX

and the plot of (Y, log D) will approximate a straight line.
The values of D are negligible for that part of the curve represented by

Y = aebX
The entire equation will be represented by the equation
Y = 0¥ 4 ceiX
Plot (X, Y) and note that the left-hand side of the curve appears to

be exponential of the form
Y = aetX

Verify by plotting (X, log ¥); this approximates a straight line.

log Y =log a + (blog e)X
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Solve for a and b.
Now, find the value for the derivative, D.
Plot (X, D) ; this appears to be exponential.
Plot (X, log D) ; this approximates a straight line.

assume D = cedX
then log D = log ¢ + (d log ) X

Solve for ¢ and d.

Two or More Equations

At times it is impossible to represent experimental data by a simple
or complex equation of few or many constants, In such cases we repre-
sent one part of the plotted curve by one equation, another part by another
equation, and so forth. Each equation is, of course, confined to a certain
part of the curve. Plot (X, V') and note that this approximates a straight
line.

X Y log X log V
0 0.4
1 2.0
2 4.4
2 4.4 0.3010 0.6345
2.5 6.87 0.3979 0.8370
3.0 9.9 0.4771 0.9556
3.5 13.475 0.5441 1.1296
4.0 17.6 0.6021 1.2455
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Log X
04 o5 o.8 07
T [ I T

Y=a+bdX

Determine the value for a and b

when X=1 then V=2
and when X =2 then V=44
2ma+bd
44 =a+2b
b=24
a=-04

Now, try to determine the equation that will fit the remaining portion
of the curve.
Try the hyperbolic or parabolic forms

Y = aX? by plotting (log X, log ¥)
Y = aX?® — ¢ by plotting [log X, log(¥ - ¢)]

or the exponential forms

Y = aebX by plotting (X, log ¥)
Y = aebX — ¢ by plotting [X, log (¥ - ¢)]

or their modified forms.
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In this particular case the plot of (log X, log V) approximates a
straight line.

log Y=loga+blog X
1.2455 = log a + 0.6021b
0.6435 = log a + 0.3010%

b=20
log a = 0.0413
a=1.1

1.2455 = 0 0413 + 2X

YV =-1.1X2

Where there are more than two variables as in lacquer fabrication, the
triangular coordinates of an equilateral triangle lend themselves for
expressing variability of a mixture of three solvents. Each side of the
triangle is divided into an equal number of divisions.

8-ETHNL
ACETATE

A
eéVVAV
é AV, VV

NN/

VAVVAVAVVAVA Solubility of 3-Sccond Nitrocellulose,
JAVAVAY VAVAAVAV

VVVA VAVAVAYA in Mixtures of Ethylene Dichloride, Ethyl
AVA%A VAVA#%VAVAV#V% Acetate and Denatured Alcohol.

INNIN/ GV
G,
%A%A#éeA AQAVA %AVAQ % VA AV

\VAVAVAVAVAVAVAVAVAV/
é&&tﬁ%AAA é #VAV/

0
Aﬁ?mm.' %ﬁﬂﬁf&fgﬁé AT

1NSOLUBLE.

A DENAfl/R!D C- EfﬁVLF/VE
ALCONOL DICHLORIDE

In the above triangle, the lines parallel to AC represent parts of ethyl
acetate. The line AC represents O per cent ethyl acetate and the apex B
represents 100 per cent ethyl acetate. The point D refers to a mixture
of 10 per cent ethyl acetate, 75 per cent denatured alcohol, and 15 per cent
ethylene dichloride.

General References
N, [{{lpk?bl , “Graphical and Mechanical Computation,” John Wiley & Sons, Inc., New York,

Peddle, The Construction of Graphlcal Charts,” McGraw-Hill Book Co., New York, N, Y., 1919,

Arkin, and Colton, R. R., “An Outline of Statistical Methods,” Barnes & Noble, Inc.,
New Yoric N' Y.,
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Liquids for Refractive Index Determinations*

Liquid Npat23°C.

Methyl aleohol 1.3279
Water 1.3328
Acetone 1.3598
Hexane 1.3750
Heptane 1.3868
Ethylene chloride 1.4417
Chloroform 1.4430
Trimethylene chloride 1.4470
Cineol 1.4552
Glycerol 1.4671
Decahydronaphthalene 1.4750
Iso-Amyl phthalate 1.4870
Tetrachloroethane 1.4912
Xylene 1.4957
Benzene 1.4982
Pentachloroethane 1.5006
Anisole 1.5150
Chlorobenzene 1.5218
Trimethylene bromide 1.5220
Ethylene bromide 1.5353
o-Nitrotoluene 1.5440
Nitrobenzene 1.5506
Xylidine 1.5559
Tri-o-cresyl phosphate 1.5560
Bromobenzene 1.5578
o-Toluidine 1.5700
Aniline 1.5840
Bromoform 1.5940
Quinaldine 1.6088
Iodobenzene 1.6168
Cinnamaldehyde 1.6190
Quinoline 1.6239
a-Chloronaphthalene 1.6318
a-Bromonaphthalene 1.6569
Methylene iodide 1.74

*Eastman Kodak Company.



Appendix I

NITROPARAFFINS

The nitroparaffins, manufactured by Commercial Solvents Corporation,
constitute a new group of compounds possessing outstanding solvent prop-
erties. From these nitroparaffins a wide variety of derivatives possessing
interesting properties can be readily prepared.

The nitroparaffins are solvents for the organic esters of cellulose and
are of especial interest as cellulose acetate solvents, since solutions of this
material in mixtures of nitroparaffins and alcohols have high dilution ratios
for coal-tar hydrocarbons. The nitroparaffins are also strong solvents for
the co-polymer vinyl resins and tolerate the presence of unusually high pro-
portions of coal-tar hydrocarbons at any given solids content and viscosity.

1-chloro-1-nitropropane has been found to be an excellent anti-gelling
agent for use in rubber cements. It has been definitely shown that rubber
cements which ordinarily would gel in a period of a few hours to two or
three days can be prevented from gelling for months by the addition of a
small percentage of 1-chloro-1-nitropropane. This substance is a liquid
and is soluble in water.

Some of the physical properties of several of the nitroparaffins are given
in the following table.

Relative
Flash Evaporation
Point Rate by
Boiling Specific (Open Cup) Weight
Compound Point (°C) Gravity (°F) (Butanol=100)
Nitromethane 101 1.139 95 400
Nitroethane 114 1.052 82 300
1-Nitropropane 132 1.003 93 208
2-Nitropropane 120 0.992 75 265
1-Nitrobutane 151 0.975 115 110
1-Chloro-1-Nitropropane 141 1.270 102

464
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Abietates, 385
Abracol #101, #234, 410
88, 387

1
Acetal, 305, 306
—, hydroxylated, 17
Acetaldehyde, 266, 305
—, solvent for, 206
Acetaldol, 267, 268
Acetamide, 392
Acetanilid, 404
Acetates, 386-391
Acetic acid, freezing pomnt, 273
—, isobutyl ester, 261
—, solvent for, 195, 272
—, solutions, freezing points of, 273
Acetic aldehyde, 266
— anhydride, lacquer films affected by, 273
— esters, 347
— oxide, 273
Acetin, 386
Aceto-acetic csters, 373
Acetoglycollates, 378
Acetone, 58, 69, 90, 169, 203, 228, 276-285, 292, 303,
4, 5 353, 436
—, polymerized, 2
~, uses of, 228
B-Acetone-ethyl alcohol, 17
Acetone glycerol, 410
— oils, 286-287
Acetonylacetone, 60, 62
Acetooxime-B-isonitroisopropane, 295
Acetophenone, 295, 412
— derivatives, 295
Acetosal, 173
Acetylamidobenzene, 404
Acetylbutyl ricinoleate, 35
Acetylcellulose (see Cellulose acetate)
Acetyl oxide, 273
B-Acetyl propionic esters, 376
Acetyl salicylate, 428
Acetylene, 276
— tetrabromide, 172
— tetrachloride, 173
Acid hydrogen carboxylic, 272
Acridine homologues and analogues, 428
Acrylic esters, 392
Adhesllse properties of films affected by formic
ac
Adipic esters, 392
Adronol, 246
— acetate, 368
Aggregates, molecular, boiling point affected by, 6
blush caused by, 18
definition of, 2
electrostatic union in, 2
factors governing, 2
formation of, 2, .
freezing point affected by, 5
heat exchange in, 3
in cellulose, 7
in nitrocellulose, 8
ionization of, 2
miscibility affected by, 4
of water, 3
plasticizer, 31
specific gravity affected by, 3
solubility affected by, 4
volatility affected by, 6
vapor pressure affected by, 6
with sodium chloride, S
Aggregation, molecular. tendency toward, 2
Alberite, 283
Alco, 293

407

Alcohol, industrial uses of (table), 206, 207
— esters,
— ethylene, 248
— group, action of, 33
—, polymerized, 1, 9
Alcohols, classification of, 26
—_ adsorption of hydroxyl group, 1
—, dissociation of, 1
—, higher, free energies of (table), 225, 226
deuiaslxnng media for precipitates (tnble), 215, 216
0.
Ahph;mc hydrogenated solvents, 149
Alkyl-aryl ketones, 414
Alkyl cyclohexanone, 414
— cyclonaphthanone, 414
— ethers of glycolchlerhydrin, 410
— naphthyl ketone, 414
— nitrite, 416
— silicic esters, 428
Al.minum naplithalenate, 127
-~ stcarate, 83, 131
Amberlac, 114-116
Amberol, 114-116
Amides, 392
Amines, 392-404
—, physical constants of (table), 401
—, solvent properties of, 393, 394, 395, 396, 397,
398, 399, 400, 401
Ammonia, liquid, polarity of, 9
Amyl abietate, 385
-— acetate, 54, 227, 291, 362-363
sec-Amyl acetate, 58, 348, 363-364, 375
Amyl acetate, mixed 1somers, 58, 60
Amyl acetates, 1someric, 364
Amylacetic ether, 362
Amyl alcohol, 219, 224, 238
—, its use in lacquers, 238
—, mixcd 1somers, 58, 60
—, solvent for, 238
—, secondary, 58, 00, 237
Amyl benzoate, 405
— borate, 406
~— butyrate, 378
— chloride, 178
— dichlorides, 178-179
— ether of diethylene glycol, 411
~— — of dipropylene glycol, 411
-~ -~ of triethylene glycol, 411
Amyl formate, 346-347
— furoate, 263
— ketone, 288
— lactate, 3%0, 381
— monochlorides, 178
~— oxamate, 419
n-Amyl phthalate, 43
Amyl propionate, 376
—- salicylate, 428
— stearate, 419
Amylene dlchlonde. 178
Anesthetic ether, 298
Anhydrous ethyl alcohol, 205
Anilids, 404
Anisic esters, 405
Anol, 246
Anon, 295
Anthracenes, 105, 106, 107
—, halogenated, 427
Anthranilic acid, 274
Antifebrin, 404
Anufreeze. ethylene glycol, 248
—, glycerol, 259
— solutions, 235, 260
--, Sorbitol, 420
— substances, 260
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Aphids, effects of solvents on, 96
Arabic gum, 283, 434
Arabite, 410
Aralkyl nitrates and nitites, 416
Aroclors, 198, 199, -116

— solublhty of, 198 199
Aromatic amines
— hydrogenated solvcnls, 149
— ketones, 412,
— nitro compounds 416
Aryl nitrates and n{'.rites, 416
Asphalt, 131, 151, 156
—, crude, 83
—, petroleum, 108, 109, 110
—, solubility of in acetone, 282, 283
—, blown, solubility of in acetone, 282
Astral oil, 121
Automobile lacquers, 317
Avantine, 216
Azeotropic combinations, 71
- muxtures, 53,
— properties, 44, 55

Bakelite, 114-116, 132, 156, 163, 295, 296
Balata, solublhty of 'in acetone, 282
Banana oil, 362

Barkite, 419

Bayberry wax, 276, 285

Beckacite, 114-116

Beckasol, 114-116

Becchwood creosote, 133

Beeswax, 96, 111-113, 285

Benzal bromide, 427

Benzaldehyde, 269

Benzene, 20, 21, 22, 23, 54, 56, S8, 09, 90, 127, 128,

205, 229, 305, 436
— substitutes, 130
— sulfonates, 431
Benzenes, halogenated, 427
Benzine, 118
Benzinum, 118
Benzoates, 405
Benzoic acid, 35, 274
— esters, 405
Benzol, 127-128
Benzoline, 118
Benzophenone, 414
Benzotribromide, 427
Benzotrichloride, 427
Bcnzoirl hydride. 269
Benzy
285, 286, 294, 313, 346, 359,
376 379 380, 381, 382, 385, 406, 418, 424, 432
—_— acelate, 48, 369
— alcohol, 48, 62, 246
— benzoate, 405-406
- bromide, 427
— butyrate, 378
— “Cellosolve,” 62
— cellulose, 114-116, 434
— chloride, 185, 427
— formate, 347
— lactate, 380
— levulinate, 376
— salicylate, 428
Benzylidene acctate, 383
— glycerol, 307, 410
Bicyclo-0, 4, 4-decane, 152
Ritumen, solubility of, 131, 283
Black liquor, 134
Bleaching process, solvents used in, 99
Blending agent, 19
Blush, causes of, 18, 19, 54
—, lack of homogeneity, 19
—, prevention of, 19, -59, 370
— resistance, 56, 276, 296
—, effect of ketones on, 275, 276
Boiling f?omt, classification of solvents by, 23-25
— —, effect of aggregates on, 6
— —, and azeotropy, 44
Boiling range curves
butyl “‘Ce losolve." 319
"Cellosolve, 319
“Cellosolve” acetate, 319
Boric esters, 406
Boroform, 173

nbietate. 29, 127, 129, 156, 163, 195, 230,
362, 368,

Bragg's law, 4

Brombenzene, 192

Bromic ether, 162

Bromachloroethane, 184

Bromoethane, 162

Bromoform, 161-162

Bromomethane, 155

Brushing lacquers, 83, 319

Burgundy pitch, solubihty of in acetone, 276, 283

Butaldchydc, 267

Butzsx;ol , 55, 197, 224, 228, 230, 236, 312, 317, 372,
5

sec-Butanol, 293
Butanolal, 267
Butoxyl, 373
n-Butyl acetate, 54, S5, 58, 60, 69, 165, 166, 176, 227,
, 291, 320, 348, 353 354, 358-360, 373, 436
—_ propemcs ot‘ 189
sec-Butyl acetate, S8, 348 375
Butyl acetyl nt.inulcatc, 416-417
n-Butyl alcohol, 54, 58, 60, 68, 69, 164, 165, 166, 197,
224, 228, 229-231, 291, 310, 320, 355, 358, 360,
371, 373, 436
—, solubility of in water, 234
—, uses of, 228
sec-Butyl alcohol 58, 236, 237
tert-Butyl alcohol 237 238
Butyl benzoate,
Butyl benzyl pllthdlate, 43
n-Butyl butyrate, 60, 377
Butx‘luCarbltol 46, 62 324, 328, 329, 330, 331, 332,

-— (“arhilol accl‘tlc. 62, 328
*("cllosolve,’’ 60, 2 165, 235, 305, 314, 316, 317,
318, 319, 320 128 379

- solublhty of in water, 315

~— acetate, 60, 62

sec-Butyl chloroacetate, 57

Butyl ether, 301

— of diethylene glycol, 253, 329-333

— of dipropylene glycol, 411

— of ethylene glycol, 314-320, 436

— of ethylene-propylene diglycol, 411

— of triethylene glycol, 411

Butyl formate, 45, 346

sec-Butyl formate, 45

Butyl furoate, 263

Butyl glycol phthalate, 427

n-Butyl lactate, 60, 62, 380 381

Butyl oleate, 35, 418

n-Butyl phthalate, 43

Butyl phthalyl butyl glycollate, 4

n-Butyl proplonate. 58, 60, 263, 320 375, 3719

Butyl salicylate, 428

— stearate, 45, 419

— valerianate, 378

Butyraldehyde, 267

Butyric acid, 274

- aldehyde, 267

-— anhydride, 274

— esters, lacquer solvent, 377

n-Butyric ether, 30.

Butyrins, 388

Butyrone, 288-289

Calcium resinate, 105-107

Camphor, 32, 42, 108-110, 156, 163, 173, 230, 238,
241, 323, 358, 362, 404, 407, 410, 412, 413, 414,
417, 419, 420, 429, 432, 433,

— substitutes, 272, 407, 413, 416

— -—, patents for, 414

Candelilla wax, 96, 111-113, 285

Caoutchouc, 154, 289

Capsicum, 230

Carbamic esters, 407

Carbanilic esters, 407

Carbazol, 105-107

Carbitol, 48, 62, 323, 324, 325, 326, 327, 328

Carbitol acetate, 62, 328

Carbolic acid, 246

Carbon bichloride, 186

Carbon dichloride, 186

Carbon disulfide, 153

—, polarity of, 9

Carbon hexachloride, 174
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Carbon tetrachloride, 50, 90, 156-160, 171, 176, 177,

- cortoswe action of (table), 159
—, decomposition of (table), 159
—, 1 dry cleaning, 102
— mixtures, flash-point of (table), 159
— muxtures, evaporation of (table), 160
—, solubility of water in (table), 157
- solublhty of dyes m (table) 160
—, toxicity of (table)
—, vapor Pressure (tai)le), 157
Carbon trichloride,
Carbonic esters, 407~ 409
Carboxylic aldehyde, 269
Carnauba wax, 96, 111-113, 285, 434
Casein, ha.rdemng of, 266
Cashew shell o1l
Castor oil, 29, 39, 105 107, 202, 215, 413, 417
-, blown, 105-107
C.u.gut sterihizing of, 133
Celanese spotting chart, 102, 103
Cellon, 173
Cellophane, 425
“Cellosolve,” 58, 60, 82, 164, 235, 309, 311, 312, 313,
3106, 318, 319, 320, 373
“Cellosolve’ acetate, 58, 60, 62, 164, 165, 167, 197,
243, 245, 305, 310, 313, 316, 318, 319, 320, 370,
3711, 372, 3713
—_ solublhty of in waler, 370
“‘Cellosolve” sferate, 3
Cellulond 32, 216, 298 376, 385, 392, 412, 416, 421,

—_ mvenuon of, 14
Cellulose, structure of, 8
Cellulose acetate, 114-116, 154, 179, 194, 195, 267,
285, 286, 289, 307, 313, 333, 345, 346, 347, 349,
3171, 376, 378, 379, 380, 385, 386, 387, 392, 403,
406, 409, 410, 411, 417, 418, 419, 420, 421, 423,
424, 427, 429, 431, 432, 433, 434
— lacquers, 172
—, solubility curves of,
acetone, 310
benzene, 205
butyl alcohol, 197
‘‘Cellosolve’ acetate, 167,
diacetone alcohol, 197
dichlorethyl ether, 197
1,4-dioxane, 167, 3 344
ethyl alcohol, 167 16‘) 310, 343, 344
ethyl lactate, 205
ethylene dichloride, 167, 169, 205, 310, 344
isopropanol, 310
methanol, 205
methyl “Cellosolve, 167, 310
solvatone, 167,
tolucne, 167, 169 310, 343, 341
Cellulose ncetate solvenls. 33
—, solvents, methyl compounds, 19
Ccllulose derivatives, application of, 14
— esters, 127, 129, 130, 131, 154, 295, 339, 345, 358,
309, 370, 377, 379, 380, 382, 387, 392, 404 405,
406, 409, 411, 4]2 4]3 415 418 419 423 425,
426, 427, 428,
— ethers, 127, 129, 130 131, 132, 154, 156, 163, 179,
, 246, 295 339 345 346, 347, 349, 355, 368,
369, 370 371, 373, 374, 375, 317, 378 379, 380,
381 382 383 386 392 404 405 407 409, 410,
3}31 412 415 417 422 423, 424, 4’5 428, 431,

3

=4
S

%
S

—, solution in water, 3
—, ethyl benzene, solvent for, 132
—, solubility of in coal-tar naphtha, 131
—-, — in toluene, 128
(‘cllulose nitrate, 114-116, 154 285, 286, 289, 307,
313, 333, 345, 346, 347, 349, 35, 358, 367, 368,
371, 373, 374, 375, 376, 377 378, 379, 380, 381,
383, 38< 386, 387, 392, 402 07, 408,
409. 410 411, 412, 413, 417, 418 419 421, 422,
423, 424 425, 427, 428, 429 432 433 434
(‘etyl alcohol 35
Chinese wax, 111-113
Chinawood oil, 285
(‘hlorhromethane, 162
Chlorcosane, 90
2-Chlorethyl alcohol, 194
Chlorethylene, fluorinated, 190, 191

a
>
>
PN
=3
>
FS

Chlorhydrins, 56, 194-197
Chlorinated hydrocarbons, physical properties of,

, 189

—, solvent for cellulose acetate, 17

Chlorinated rubber, plasticizer for, 35

Chlorinated solvents, use of, Y0

(.hlor-isopropyl alcohol, 195

Chloroethane, 160

Chloroform, 50, 90, 155, 169, 171, 184

Chloroprene, 185

Chlorotoluene, 185

Cholesterol, solublllty of (table), 98

Cinene, 135

Cineol, 410

Cinnamic esters, 409

Citric esters, 409

Clapeyron equation, 43

Classification of solvents, chemical, 25, 26

—, by boiling point, 23, 24, 25

Coal flotation, acetaldol, 267

Coal naphtha, 127

Coal oil, 121

Coal-tar creosote, 133-134

— naphtha, 115, 116, 125, 131-132

-~ pitch, 131

— solvents, 83

Cocoa butter, 180

Collodion, 12, 298

—, viscosity of, 9

Cologne spirit, 205

Coloyhony, 434

Columbian spirits, 200

Combustion, self propellent, 71

Compatibility of solvents, 14, 15, 16

Conductivity, electrical (table), 79, 80

Congo gum, 108-110, 230, 368, 438

Constant-boiling mixtures (tables), 5, 44, 47, 49,
S1, 52, 53, 57

Constant-boiling mixtures, and aggregates, 6

Constant evaporation mixtures, detection of, 56

Copal ester, 114-116, 127, 129, 195, 238, 246 2176,
347, 302 382, 424 432

Copal gum, 129, 195, 215, 216, 238, 282, 283, 294,
313, 323, 346 362 376 381 418 438

Cotton blush 18

Cottonseed onl solubility of in acctone, 285

Coumarone resin, 83, 114-116, 131, 434

Crackle lacquer, munochlorbcnzme, 192

Creosote oil, 133

Cresyl p-t oluenc sulfonate, 431

Critical point, deﬁmtwn of, 11

Croton o1, 202,

Crownaldehydc. 268

Crotonic acid, 274

-— esters, 409

Crystal lacquers, 32

Crystallizing solvent, monobrombenzene, 192

Cumar resin, 19, 127, 129, 151, 156, 163, 195, 238,
240, 202, 285, 289 294, 295 307 315 339, 346,
347 349 355 358, 362, 376 377 381, 382, 406,
412, 418, 424, 432

Cumenc, lacquer diluent, 133

Cumol, 133

(,unvcs, exponential, 456

—, hyperbolic, 441, 442, 443, 444, 445, 446, 447,
448, 449

— logarthmxc. 456

—, parabolic, 450, 451, 452

Cyclic ketones, solvent for, 295

Cychic oxides, 410

Cyclobutane, 122

Cyclohexane, 58, 122, 148

Cyclohexanol, 60 62, 246

Cyclohexanol acctale 368

Cyclohexanone, 58, 60, 295-296

Cyclohexanyl acetate, 60 368

Cyclohexyl-amyl hthalate 427

Cyclohexyl-benzy phthalatc 427

Cyclohexyl-n-butyl phthalate, 427

Cyclohexyl-dicyclohexyl phthalate, 427

Cyclohexyl-isopropyl phthalate, 427

Cyclohexyl nitrolactates, 380

Cyclohexyl-phenyl phthalate, 427

Cyclohexyl phthalate, 4

Cycloketones, propemcs of, 296
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Cymene. 118, 134-135, 136
— isomers of, 134
p-Cymene, 134

—, substances soluble in, 135
Cymol, 134

Dammar gum, 15, 16, 19, 29, 70, 108-110, 122, 152,
156, 163, 174, 195 205 230 276 289, 307, 313,
315 339, 346, 358, 362, 368,

Decahydronapht_ha.lene, 60, 152-]53

Decalin, 48, 152

Degreasing, solvents used for, 99

—, trichlorethylene, 99, 179

Deliming agent, formic acid, 272

Density curve of ethylene dichloride, 168

— of ethylene glycol, 252

Deo, 293

Depitching, trichlorethylene, 179

Detergent, Decalin, 152

—, tetrahydronaphthalene, 151

Dewaxing, trichlorethylene, 179

Diacetin, 386

Diacetone, 56, 293-294, 410

— adonite, 410

— alcohol, 60, 197, 263, 293

—, ethers of, 17

Diacetonyl alcohol, 293

Diamyl maleate, 415

— naphthalene, 435

— oxalate, 383

— phthalate, 425-426

— tartrate, 432-433

Diamylene, 135

Diaryl ketones, 414

Diatol, 407

Dibenzyl, 133

— cther, 410

— phthalate, 43

— succinate, 415

— tartrate, 35

Dibrombenzene, 192

Dibromoethane, 162

Dibromomethane,

Dibutyl hexahydrophthalatc. 427

— oxalate, 383

— phthalate, 46, 372, 42| 425, 435

— tartrate, 35, 36 432, 435

— terre ph(lulate 43

Dichlorbenzene, 192-193

Dichlorbenzyl glycol, 307

Dichlorethane, 163

Dichlorethyl ether, 17, 60, 176,
305, 309, 313

—, properties of, 300

Dichlorethylene, S0, 171, 179

Dichlorhydrin, 1

Dichlorisopropy! alcohol, 195

— ether, 291

Dichlormethane, 50, 154-155, 171

Dichlorobenzene, 60

Dichlorobutene, 185

Dichlorodifluoromethane, 184

Dicaloroethane, 184, 185

Dxchloropemane, 179

Dichlorpropane, 174

Dicresylglyceryl ether, 410

Dicresyl glyceryl ether monoacetate, 387

Dielectric constant (table), 79, 80

—, relation of to polarity, 9

Diethanolamine, 249, 400, 403

a, a-Diethoxyethane, 305

Diethyl acetal, 305

— aldehyde, 306

— carbonate, 58, 407-408

~— carbitol, 60, 62

— “Cellosolve,” 58

— diphenyl urea, 433

— ether of ethylene glycol, 314
lycol phthalatc, 426
etone, S

- maleate 415

- malonate‘ 415

— oxalate, 382-383

— phthalate, 43, 64, 424, 435

— sulfate, 431

196-197, 238, 302,

Dlethylene dioxxde, 338
— ether, 3.
— glycol, 249 253, 254, 258, 320-323, 435, 436
— monoacetate, 433
Diethylene oxide, 338
— triamine, 400
Daglyceryl acetate, 388
— ether tetracetate, 387
Diglycol diacetate, 62
Dihydric aliphzmc alcohols, 248-262
Dihydroxy-diethyl ether, 320
Di(hydroxyethyl)amine, 403
1, 2-Dihydroxypropane, 254
Dnsobutyl ketone, 60
Diluents, requlrements of, 11, 19, 20-21, 28
Diluent mnxture, 366
Dilution ratio, 11, 56, 171
—, nitrocellulose to solvent 11,
—, (tables), 20, 21, 22, 23, 171 o66 367
Dxmethylamine,
Dimethyl benzene, 129
— benzol, 129
— cyclohexanyl adipate, 392
— glycol phthalate, 4
— ketone, 276
— maleate, 415
— phthalate, 46, 423
Dinaphthyl ketone, 414
Dlmtrobenzene, 16
, 4-Dioxane, 167, 169, 238, 309, 310, 338-344
Dloxyclhylene ether. 338
Dioxylglycol
Dinitroglycol,
Dl’pentene, 60 121 135, 136, 146
Dipentine, 133
Diphenyl carbonate, 409
— ethane, 133
Di-n-propyl ketone, 58, 60, 288, 292
Dipropyl maleate, 41
Diseases due to solvents, 76
Dissolvent power, 33
Dastillation, correlated with evaporation, 57
Distillation curves: mineral spirits, Neville 2-50-W
(Hi-flash), turpentine, xylol, 129
Daitolyl ketones, 414
Divinyl acetylene polymers, 83
Driers, solubility of in coal-tar naphtha, 131
Dry-cleaning solvent, 99
Dry-cleaning, trichlorethylene, 179
Durene, 131, 151 (table)
Durez 4032, 114-116
Dutch o1l, 163
Dyes, basnc 368
Dye bleedmg with tnchlorethylcne, 179
Dyes, solubility of in carbon tetrachloride, 160
—, — in toluene, 128

East India gum, 131

Elayl chloride, 163

Electrical conductivity (table), 9, 79, 80

Electricity, st.mc, 75

Electro-negative group, 2

Elemi gum, 19, 108-110 156, 179, 195, 205, 230, 276,
294, 307, 313, 315, 339, 346, 349, 355, 358 362,
368 376, 434

Elemi-manila gum, 295

Epichlorhydrin, 195

Equation of a stralght line, 439

Equations, 460, 461,

Equations involvmg four or more constants, 457

Ergosterol, soluble in, 98

Essential oils, 105-107

Ester gum, 15, 16, 19, 29, 132, 156, 179, 195, 230,
238, 246, 262, 276, 286, 289, 295, 307, 313, 315,
339, 346, 347, 349, 355, 358 362, 368, 371, 376,
377, 383, 406, 418, 424, 432, 434

Esters, classlﬁcanon of 26

Ethanol, 20

Ethanolamines, 254

Etber-alcohols, proposed, 410
classification of,

Ether-alcohol-cstcr. 27

Ether-esters, 411

Ethers, classification of, 26
, proposed, 306, 410, 411

Ether group, action of, 33
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Ethoxy acetophenone, 414

Ethyl abietate, 29, 385

— acetanilid, 404

— acetate, S6, 58, 165, 167, 177, 203, 227, 312, 320,
L _349-, 2, 436

acetic acid, 274

acetoacetate, 373

acetyl glycollates, 378

adipate,

th){lmalcshsols,“Sﬁ 58, 2689 6292 90, 1764 1%6 ;67, 56‘)
3? ZIEZI 1 4, 227, 230, 307, 310,

g%g 343, 344, 348, 351, 352, 357, 371,

—, anhydrous, 205

—, denaturants, 208

—, solutions, freezing points of, 235

—, temperature correction, 205

—, specific gravity of, 235

—, wine or proof gallons, 210

Ethyl aldehyde, 266

— benzene, 131, 132

— benzoate, 405

— bromide, 162

2-Lthyl butanol, 219, 244-245

— butyl acetate, 368

— alcohol, 244

Ethyl butyl carbonate, 408

— butyl malonate, 415

— butyrate, 58, 377

— cellulose, 114-116, 192, 195, 377, 434

— chloride, 50, 160-161, 171, 18:

— chloroacetate, 57

— cinnamate, 409

— dibenzyl malonate, 4

Ethyl ether, 90, 203, 298 298-302, 299, 304, 353, 436

— of dlcthylene g]ycol 251 43

— of ethylene-propylene diglycol, 411

— of triethylene glycol, 436

Ethyl formate, 45, 345-346

— gasoline, 163

— glycid ether, 410

— glycol, 311

— glycollates, 378

2-Ethyl hexanol, 182, 219, 241

— hexyl alcohol, 182, 211

— hydrobromic, 162

— hydroxy-isobutyrate, 377-378

— lactate, 16, 56, 60, 205, 263, 378-380, 436

— levulinate, 376

malate, 415

malonate, 415

methyl ketone, 287

oleate, 44

oxamate, 419

oxybutyrate, 377, 378, 379

palmitate, 418

phthalyl ethyl glycollate, 411

propionate, 58, 374

salicylate, 428

sebacate, 418

starch, 404

succinate, 415

p-toluene sulfonate, 431

— valerianate,

— p-xylene, 131

Fthylene bromide, 162

— butylidene ethers, 307

— chlorbromide, 162

— chlorhydrin, 185, 194

— diamine, 403, 404

— dlbromxde. 162, 163, 400

— dichloride, 50, 58, 163-172, 176, 177, 203, 205,

238, 300, 304, 307 310, 344, 351, 353, 357, 360

— ethylidene ethers, 307

— glycol, 44, 235, 248-254, 258

— diacctate, 369, 370

— monoacetate, 369

— monoethyl ether, 436

Ethylene trichloride, 179

Ethylidene acetate, 370

— diacetate, 370

— dicthylic ether, 306

— glycerol, 306

— glycollic ether, 307

— propylene ether, 410

Eutectic mixture, formation of, 71

Il

=
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Evaporation, cause of blush, 18

—, correlated with distillation, 57

—, flash point affected by, 75

—, latent heat of, 6

—, temperature affected by,

Evaporatlon, rate of (tables), 59, 61, 339

accelerated, 53

effect of dimlnished, 56

factors affecting, 42, 43

influence of molecular aggregates, 44

influence of secondary bonds of attraction, 55

of alcohols, 13

of lacquer, imperfections due to, 7

of solvents, 54 55, 56, 57

retarded, 43,

variation of 12

ivaporation rate, curves of,

acetone, S8, 169, 203, 303, 353 436

acctonylacetone, 60, ‘62

alcohols, 218

amyl acetate, 54, 227, 291

—, mixed isomers, 58, 60

sec-amyl acetate, 58, 348

n-amyl alcohol, 219

sec-amyl alcohol, 58, 60, 237

amyl alcohol, mixed isomers, 58, 60

— furoate, 263

benzene, 54, 56, 58, 229, 436

benzyl alcohol, 62

— *“Cellosolve,” 62

» butanol, 55

n-huty‘l‘ gcctale, 54, 55, 53, 60, 227, 291, 320, 348,
83, 4o

sec-butyl acetate, 58, 348

n-butyl alcohol, 54, 58, 60, 237, 320, 436

sec-butyl alcohol, 58, 237

butyl-butyrate, 60

— Carbitol, 62, 228

— Carbitol acetate, 62, 328

— “Cellosolve,” 60, 62, 305, 320, 328

— ‘“Cellosolve” acetate, 60, 62

sec-butyl chloroacetate, 57

butyl furoate, 263

— lactate, 60, 62

—- propionate, 58, 60, 263, 320

Carbitol, 62, 328

— acetate, 62, 328

Carbon !ctrachlorlde 177

“Cellosolve,” 58,

— acetate, 58 60, 6’ 305 320

chloroform, 169

cyclohexane, 58

cyclohexanol, 60, 62

cyclohexanone, 58, 60

cyclohexanyl acetate, 60

decahydronaphthalene, 60

diacctone alcohol, 60, 263

o-dichlorobenzene, 60

dichlorethyl ether, 60, 305

dichlorisopropyl ether, 291

diethy! Carbitol, 60, 62

— carbonate, 58

— “Cellosolve,” 58

— ketone, 58

diglycol diacetate, 62

diisobutyl ketone, 60

1, 4-dioxane, 169

dipentene, 60

dipropyl ketone, 58, 60

ethanol, 219

cthyl :\get:\tc, 56, 58, 169, 177, 203, 227, 320, 348,
53, 436

— alcohol, 56, 169, 243, 320, 318
— alcohol, anhydrous, 58
2-ethyl butyl alcohol, 219

ethyl butyrate, 58

— chloroacetate, 57

— ether, 2

2-ethyl hexanol, 219

ethyl lactate, 60, 263

— propionate, 5.

ethylene dichloride, 58, 169, 177, 203, 353
— glycol of monoethyl ether, 436
fenchone, 60, 62

furfural, 60, 263

L‘JIHIIIII_I
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Evaporation rate, curves of (Cont’d) Fats, solubility of (table), 105-107
furfuryl acetate, 60, 62, 263 Fenchene, 136
— alcohol, 60, 62, 263 Fenchone, 60, 6
fusel oil, 54, 237 Fenchyl alcohol 265
— acetate, 365 l*embach-Slrange -Weizmann fermentation process,
glycol diacetate, 60, 62 276
gum spirits of turpentine, 58, 60 Film toughener, formic acid, 272
gum turpentine, 130 Fire-retardant, boric esters, 406
heavy pine oil, 62 Fires, cause of 75
Hercosol, 60, 62 Flame-proof mixture, danger of, 75
hexone (methyl isobutyl ketone), 58 Flash points, 75
High flash, 143 Flash pomt, definition of, 7
sec-hexyl acctate 58, —, effect of evaporation on, 75
hexyl(2- ethyl butyl)auctate, 58, 60, 62 —, lowering of, 71
— alcohol, 60 —, of carbon tetrachloride mixtures, 159
IIigh—ﬂash naphtha, 58, 60 —, of trimixtures, 186
Isobutanol, 58, 219 Flexibilizer, Sorbitol, 420
isobutyl acetate, 58 Fluorinated chlorethylene, 190, 191
isopropanol, 203, 353 Formaldehyde, 260
isopropyl acetate, 58, 203, 227, 348, 353 Formic acid, 272
= alcohol, 219, 229, 348 Tormosol, 345
— —, anhydrous, 58 Formyl tribromide, 161
— “Cellosolve,” 58, 60 — trichloride, 155
— chloroacetate §7 Freezing point curve of butyl ““Carbitol,” 331
— ether, 203, 303, 353 of “Carbatol,” 320
— lactate, 60 of diethylene glycol, 250
kerosene, 143 of 1, 4-Dioxan, 342
mesityl oxide, 58 of ethyl alcohol, 214
methanol, 203, 219, 348, 353 of ethanol, 214
— anhyc[rous, 5! of ethylene glycol, 250
3-methoxy butyl acetate, 60 of glycerol, 260
methyl acetate, 58, 348 of 1sopropanol, 222
methylacetone, 58 of isopropyl alcohol, 222
methyl amyl acetate, 58, 60, 365 of methyl *“‘Carbatol,” 337
— — alcohol, 58, 60, 219, 237, 291 of propylene glycol, 256
— n-amyl ketone, S8, 60 Freezing point, variation of, §
— n-butyl ketone, 58 Frothing agent, acetaldol, 267
-— Carbitol, 62, 328 Fumarnc esters, 415
-— — acetate, 62 Function and variable, 438
— “Cellosolve,’ 58, 60, 320 Fungicide, pine oil, 143
— — acetate, 58, 60 Fungicidal properties of solvents, 91, 92, 93, 94,
— chloroacetate, 57 95, 9
— cyclohexanone, 60 Furfural, 60, 263, 269, 270
— ethyl ketone, 58 Furfuraldehyde, 209
— furoate, 263 Furfurol, 269
— n-hexyl ketone, 60 Furfuryl acctate, 60, 62, 263, 384
— isobutyl ketone, 291 — alcohol, 60, 62, 26-, 263
— propyl ketone, 58 — esters, 384
mineral spirits, 60, 130 Furniture lacquers, 316
monochlorobenzene, 58 Furol, 269
Neville 2-50-W Hi-flash, 130 Fuiy! carbinol, 262
octyl acetate, 365 Fusel oil, 54, 90, 237, 238, 239
-~ alcohol, 219, 291 — acetate, 365
— (2-ethy! hexvl) acetate, 60, 02
-— — alcohol, 62 Gasoline, 20-23, 118, 119, 121, 227
pentacetate, 305. 320, 365 ‘‘Gasoline gum,” 192
pentasol, 237 —, removal of, monobrombenzene, 192
petroleum naphtha, 58 Gelatinizer, 35
phorone, 60 62 Gelatinizing power, 32, 33
pine oil Gelling-plasticizers, 29
-pmpyi acetn(c 318 Ghati gum, 434
— alcohol, 237 Gilsonite wood stzun 83
pronyl fumatc, 263 Glass substitute, 122
propylene dichloride, 177 Glycerin, 35, 235, 249, 254, 259-262
— glycol of monoethyl ether, 436 Glycerol, 258 26!. 262
Safe-T-Esso, 60, 62 - derivatives of, 17, 411
Solvesso No. 1, 58, 143, 365 — dichlorhydrin, 195
— No. 2, 58, 60, 143 Glyceryl acetate, 41, 385
— No. 3, 60, 62, 143 — acetobenzoate, 411
— No. 4, 143 — aceto caproate, 388

steam-distilled turpentine, 58, 60

tetrahydrofurfuryl alcohol 60 62, 263

tetrahydronaphthalene, 60

toluene, 54, 58, 143 203, 229 353 365, 436
7

aceto caprylate, 3388
aceto laurate, 388
acto palmitate, 388
henzoate, 406, 411

trirh]orethylenc. butyrate, 378, 388

troluoil, 365 diacetate, 386

Varsol, 143 diaceto-abietate, 385-386

V.M. &P. naphtha, 60 diaceto-monophenyl-acetate, 411

xylene, 55, 58, 60, 130, 143, 320, 365
Explosive property of solvcnts. 72
Exponential curves, 456

Exposure of nitrocellulose films, 36

Extenders, properties of, 29 phthalate, 434
Extensibility, 35 phenvyl acetate, 388
Fat extraction, 97, 99, 285 — propionate, 388
—, with trichlorethylene, 179 — triacetate, 386-387

diaceto propionate, 388
esters, 33

cther oxide, 410
formates, 347

frrrrrrrrrrrnd
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Glycid, 410

— acetate, 410

Glycidol, 410

Glycol, 248

— benzoate, 406

— chlorhydrin, 194

— diacetate, 60, 62, 136

— diformate, 347

— formate, uses of, 317

Glycollates, 411

Glycols, graphical structure of, 255

Glycol monoformate, 347

— salicylate, 428

Glyptal resins, 114-116

Glucose residues, 1n cellulose, 8

Glue, hardening, 266

Gram alcohol, 205

Greases, solubilhity of (table), 105-107, 285

—, — in acetone (table), 285

Grinding pigments, pine oil, 143

Gualac gum, 108-110, 150, 294, 339

Guaiacol acetate, 388

Guayule, solubility of in acctone, 282

Gum blush, 1

— spint, 137

— spirits of turpmmnc, 58, 60

— turpentine, 130,

Gums, solubility of (mhlc) 108-110, 171, 270, 282,
283

Gutta percha, 154
--, solubility of in acctone, 282

Halogenated benzenes, 427
Halowax oils, 197
Hardening agent, acctaldehyde, 200
lHeat exchange, 1n solution, 3
Hcavy naphtha, 121
Heavy pine oil, 62
Hemimellithene, 131
Henry's law, 43
Heptalin acctate, 317
— formate, 347
Ileptanes, 118, 119
Hercosol, 60, 62, 146
Hexachlorethane, 50, 171, 171, 184
Iexahydrobenzene, 122, 148
Hexahydiobenzoic csters, 115
Hexahydrociesol, 247
— acetate, 368
Hexahydromethylphenol, 247
— acetate, 308
Hexahydio-o-cresol, 420
Hexahydrophenol, 240-247
— acetate, 308
Hexalin, 16, 48, 246
— acetate, 347, 368
— formate, 347
Hexamethylene, 122, 151
lexanaphthene, 122
Hexane, 118, 119
Hexanol acetate, 388
Hexanon, 295
Hexone, 58, 289-293, 290, 291
Hexose groups, in cellulose, 8
Ilexylin acctate, 368
sec-Hexyl acetate, 58, 60, 375
Hexyl (2-cthyl bulyl) au:m\c, 58, 60, 62
— alcohol,
Hexyl lactate, 380
Hi-flash naphtha, 58, 60, 83, 131, 143
High-gloss lacquers, 0’
Higher alcohol, free energies of, 225, 226
Hildebrand curves, 43
Hydrobenzyl ketones, 414
Hydrocarbons, ahphnhc, 25, 118-126
—, aromatic, 25, 127-147

—, chlorinated, 26 188, 189
—, flow sheet qhnwmg production of, 123

J)ropenies of (table), 149-151
Hydrocetyl-acetone, 17
Hydrocyanic gas, liquefied, polarity of, 9
Hydrogenated petroleum solvents, uses ot‘ 148
Hydrogcna!ion, catalytic, 17
Hydrolin, 2
Hydronaphthyl ketoncs, 414
““Hydropalat B,"” 427

‘“Hydropalat C. Y.”, 427
Hydroscopicity curves of,

diethanolamine, 249

diethylene glycol 249, 254

ethanolamines,

cthylene glycoi 249 251

glycerin, 249, 254

monoethanolammc, 249

propylene glycol, 249

triethylamine, 249

triethylene glycol, 249
Hydroxybutyral dchyde, 267
Hydroxy-ethyl-methyl ketone, 17
2-Hydroxyethylamine, 402
4-Hydroxy-4-methyl pentanone-2, 293
Hydroxypropionic esters, 378
Hyperbolic curves, 441, 442, 443, 441, 445, 446, 447,

448, 449

Ignition point, definition of, 71

Ignition temperatures of solvents (table), 73, 71

Indene resin, 83, 105-107,

Insect wax, 111-113

Inflammability, 1ange of, 71

—, lmit of,

Isoamy!l acetate, 362, 436

— alcohol, 2

— chloride, 178

— ether of cthylene glycol, 436

— pathalate, 43

Tsobutyl acctate, 58, 301-30

- - alcohol, 58, 219, 224, 22,

— cther of cthylenc glycol 436

-~ formate, 45

— glycollates, 378

- 1sobutyrate, 377

— lactate, 381

Tsodurene, 131

Tsopropanol, see Isopropyl alcohol

Isopropyl acetate, 58, 203, 227, 229, 235, 348, 353,
354, 355-358, 359

— alcohol, 203, 216, 227, 229, 230, 301, 310, 318,
353, 357, 358

- —, anhydrous, 58

— —, and acetone mixturcs, propertics of, 219

— ——i and aldehydes, mixture of, properties of,

i

2

Tsopropyl and ethyl alcohols, comparative solu-
bilifies, 216, 217, 219, 220, 221, 223, 224

Tsopropyl benzene, 133

— Carbinol, 179, 236

— “Ccllosolve,” 58, 60

— chloroacetate, 57

— ether, 203, 205, 300, 301, 353

—ether of cthylene glycol, 436

— formate, 45

— lactate, 60

Isopropylidincacetone, 294

Tsopropylidene glycerol, 306, 410

Isopropyl levulinate, 376

— toluene, 134

Japan wax, 111-113, 163, 276, 285

Kanotex, petroleum solvents, 124

Kauri-butanol test, 142

Kauri gum, 16, 108-110, 205, 230, 246, 262, 307, 315,
323, 339, 358, 362, 379, 380, 434

Keir boiling, solvents used in, 99

—, Decalin, 152

—, tetrahydronaphthalene, 151

Kelalin, 152

Kemsolene, 312, 357, 358, 372

Kerosene, 121, 122, 143

Keto hexamethylene, 295

Ketone-alcohols, classification of, 26

Ketone-esters, classification of, 26

Ketone-ethers, classification of, 26

Ketone oils, 286

Ketones, 26, 275-276

—, alcohols, 26

—, aromatic, 414

—, properties, 297

Ketoxime, 295

Kronetex, 422
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Lacquer, automobile, 317
— blushing, -
— brushing, 83, 319
— crackle, monochlorbenzene, 192
— crystal 32
— dxlucnt, cumene, 133
—, effect of age on, 65, 66
—, faults, 12, 16
— ﬁlms, structure of, 8
—, furniture, 316
—, high-gloss, 320
imperfectxons, causes of, 6, 7, 12
—, leather, 3
— materials, compatlblhty of, 16
— matt, monoch]orbenzenc, 192
——-solvents 14, 82,
— thinner, 3!9 366
— vapors, cxplosnvc propertics of, 72
Lactic esters, 378
Latent solvents, 15, 19, 20
Lead linoleate, 105-107
Levulinic esters, 376
Lewisol, 114-116
Lifting of varnishes and solvents, 83, 81, 85
Light oil distillates, 125
Lignin, 307
Lagroin, 118
Limit of tolerance, 11
Limonene, inactive, 135
Lindol, 422
Linoleate driers, 121
Linseed o1l, 105-107
Linoxyl, 246,
Linoxyn, 151, 362
Liquid pitch oil, 133
Logarithmic curves, 456
Low boilers, 24

Maleic esters, 415

Malic esters, 415

Malonic esters, 415

Mandelic esters, 415

Manganese resinate (table), 105-107

Mamla gum, 16, 108-110, 152, 195, 205, 230, 246,
276, 219,289, 294, 315, 339, 355, 358, 368, 379,

380,
Manmte. 420
Mannitol, 420
Mannol, 404
Mastic gum, 19, 29, 151, 152, 156, 163, 179, 195, 205,
216, 238, 246, 26’ 294 307, 313 315 323, 339,
355 358 362 368 381, 38’ 406 24
Matt Iacquer, monochlorbenzcnc, 192
Medicinal hydrocarbons, 45
Medium boilers, 24
p-Menthane, 136
Mercerizing, solvents used in, 99
Mercury, 43, 44, 45
Mesitylene, 131
Mesityl oxide, S8, 292, 294-295
Metal alkyl pi\thalatcs, 425
Methanre,
—, carboxyhc acid, 272
Methanol (see methyl akohol)
Methenyl tribromide,
— trichloride, 155
Methoxy acetophenone, 414
— butyl acetate, 60, 373
— ethanol, 307
Methyl ablctate, 385
— acetanilid,
— acetate, 347-349
— aceto acetate, 373
— acetone, 58, 285, 286, 348
— acetophenone, 414
— adipate, 392
— adronol, 247
— alcohol, 42, 58, 60, 200-204 205, 207, 219, 224,
229, 237 291, 305, 348,
_—— reczmg pomt of 23§
w — specific gravity of. 235
= —, uses of,
Methyl amyl ncctate, 58 60 365, 367
— — alcohol, 240,
—— ketone, 288, 29

Methyl anol, 247
— anon, 296
— benzene, 128
— benzoate, 405
— bromide, 155
— butyl ketone, 58, 288, 292, 293
— butyrate, 377
— Carbitol, 62, 324, 328, 333, 334, 335, 336, 337
— —acetate, 62
Methyl “Ccllosolve," 58, 60, 164, 167, 307, 308, 309,
310, 313, 320, 344
— — acetate, 58, 60, 307, 309
Methyl chloracclate, 57, 249
— chloride, 50, 171, 184
— cinnamate, 409
— compounds, water-solubility of, 17
— cyclohexane, 12:
— cyclohexanol, 247, 368-369
— cyclohexanol lactate, 382
— — acetate, 368
Methyl cyclohexanone, 60, 296-297
— cyclohexanyl oxalate, 419
— ether of diethylene glycol, 411
— — of dipropylene glycol, 411
— — of ethylene glycol, 436
— — of ethylene-propylene diglycol, 411
— — of triethylene glycol, 4
Methyl ethyl Carbinol, 236
— ethyl ether, 292
— ethyl ketone, 17, 58, 287
— formate, 45, 345
— furoate, 263
- glycerol, 410
—- glycol, 254, 307
— — phthalate, 43
Methyl glycollates, 378
— Hexalin, 217
— Hexalin acetate, 368
hexyl ketone, 60
jodide, 184
isobutenyl ketone, 294
isobutyl Carbinol acctate, 367
isobutyl ketone, 17, 58, ’b‘) 291, 292
isopropylbenzene, 134
ketone, 285
levulinate, 376
malonate, 415
morpholine, 400
naphthalene, 131
naphthyl ketone, 414
oleate, 44
oxamate, 419
2-Methyl-4-pentanone, 289
4-Methyl-3-penten-2-one, 291
Methyl phthalyl ethyl glycollate, 411
2-Methyl propanol,
Mecthy!l propionate,
— propy! ketone, 5‘% 287 288, 292
— salicylate, 427
— valerianate, 378
Methylene chloride, 154
— dichloride, 154
— ethylenic ether, 307
— glycerol,
— glycid ether, 410
— glycol, 254
Midway boilers, 25
Mineral spirits, 20, 21, 22, 23, 60, 121, 129, 130
— oils, 105-107
Miscibility, and aggregates, 4
Miscibility curves of,
butyl alcohol, 230
ethyl alcohol, 227, 230
gasohne, 227
isopropyl alcohol, 227, 230
propy! alcohol, 230
water, 230
Mist coats, 366
Molecular aggregates, 3, 4
—, evidence of specific gravity, 3
—, See also Aggregates, molecular
Monoamyl naphthalene, 433
Monobenzoyl diacetyl-glycerol, 411
Monobrombenzene, 192
—, crystallizing solvent,
Monobutyl ether of dlethylcne glycol, 329
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Mono-n-butyl ether of ethylene glycol, 314, 316
Monochlorbenzene, 58, 192
Monochlorhydrin, 194-195
Monochlornaphthalene, 400
Monocresylglyceryl ether, 410
— diacetate, 387
Monoethanolamine, 249, 402
Monocthyl ether acetate of cthylene glycol, 316,
370-373

— — of diethylene glycol, 323-329
— — of ethylene glycol, 311-314, 316, 436
Monomethylamine, 402
Monomethyl ether of diethylene glycol, 333-337
— — of ethylene glycol, 307-310
Mononitrobenzene, 416
Montan wax, solubility of, 111-113, 285
Mordant, formic acid, 272
Morpholine-ethanol, 400
- - ether, 400
Motor-spirits, 118
Muriatic ether, 160
Muthmann’s hquid, 172
Mutual solubility curves of

water and butyl “Cellosolve,” 318

water and ‘‘Cellosolve” acctate, 318

Naphthalene chloride, 427
— derivatives, 428
— hydrocarbons, 131
—, halogenated, 17, 427
Naph(has, 17, 20, 21, 22, 23, 121, 125, 126, 379
, physical properlles (table), 1’5 1._6
Naphthcmc esters, 415
Naphthyl acetate, 383
— benzoate, 406
Neville 2-50-W (Hi-Flash), 129, 130
Neville resin, 132
Newvillite oil, 418
New Camphrosal, 429
Nitrocellulose (see also (,cllulosc acctate)
-—, Dilution ratio of, 12, 366
— ﬁlms, condition on expusurc, 38
—, formation of, 8
—. precipitation of, 11
—, plasticizers used with, 33
—, polarity of, 10
— solution, viscosity of, 366
—, structure of,
Nitrocellulose, 3 sccond R.S, solubility cuives of
sec-amyl acctate, 375
benzene, 205, 305
butanol, 197, 312, 317, 372, 375
sec-butanol, 293
butyl acetate, 165, 166, 176, 235, 300, 375
sec-butyl acetate, 375
butyl alcohol, 164, 165, 166, 235, 291, 310, 355,
3358, 360, 371, 313
—_ “Lcllosolvc ” 165, 235, 317
— [)lupxon.ue 375
“Cellosolve,” 164, 235, 312, 373
-— acctate 164, l(ﬁ 197 243 245, 311,
dibutyl ph(hahtc 372
dichlorethyl cthcr, 197
1,4-diwoxane, 310, 3
ethyl acetate, 165 312 351, 352, 372
— alcohol, 164, ]65 166 1/6 307 310, 312, 317,
344, 351, 352 357, 371,
2ethy] I)utanol 2|5
ethylenc did)loridc, 164, 165, 166, 205, 307, 310,
44, 351, 357, 360
hexone, 291
sec-hexyl acctate, 375
isopropyl acetate, 227, 235, 355, 357, 358
-—alcohol 22 y 358
— ether, 205, 3
Kemsolene, 312, 357, 358, 372
methanol, 305
methyl amyl a]cohol 245
— buty!l ketone,
- “Ccl]oso]ve " 164 307, 310, 344
octyl alcohol,
pentacetate, 166
pentasol, 166
propylene dichloride, 176

372, 313

Nurocellulose, 3 second R S, solubility curves of

(Cont’d)
toluene, 164, 165, 166, 176, 20S, 227, 235, 243,
245, 291, 293 307 31() 312 317 344 351 357
355 358 360, 371, 372, 373, 375"
turpentine, 317
Varnolene, 317
Nitro cellulose solutions, see Nitrocellulose
Nitrobenzenes, 416
Nltrocgtton—dammar solution, viscosity of, 69, 70,
36!

Nitro-isobutyl glycerol trimitiate, 411
Nitrocotton, viscosity of 5% solution, 69
Nitroparaffins, 464

Nitrotoluenes, 185, 416

Nitroxylenes, 185, 416

Non-aqueous wood stains, 90
Non-polar, and polar compounds, 9
Non-solvents, 11, 15

Octanes, 118
Octyl acetate, 365, 367
—- alcohol, 219, 241-213, 291
— aldehyde, 193, 268
— (2-cthyl hexyl) acetate, 60, 62
- - (2-cthyl hexyl) alcohol, 62
O1l extraction, 97, 99
Ol of almond, artificial, 269
— of ants, artificial, 269
— of murbane, 416
— of Niobe, 405
— of rose, 194
— of tuipentine, 137
— of wintergreen, 427
Oils, so)ubxhty of in acctone, 285
—, —, in coal-tar naphtha, 131
Oleates, 35, 416
Oleyl alcohols, 35
Oleum, 121
Ore flotation, acetaldol, 267
—, ethyl hutyl carbonatc, 408
—, pine o1l, 144
— d)hrombenzcnc, 179
Orgamc group, solvent action of, 15
Orthene, 1
Oxalic esters, 382
Oxamic esters, 419
Oxy-aryl ketones, 414
Oxystearates, 418
Ozocerite wax, solubility of (table), 111-113, 285

Paint, durabilily of, influence of thinners on,

Pﬂatmol A., 423

Paraffin wax solubility of (table), 111-113, 431
Parabolic curves, 450, 451, 452
Paradichlorobenzene, pnhrlty of, 9, 10
Taraldehyde, 266, 267

— glyad, 410

Paraldol, 268

Paranol, C. W, solubility of (table), 114-116
Paraplex R G-2, solubihty of (table), 114-116
Pecar ol, 362

Pent-acetate, 166, 305, 320, 361-367, 379
Pentachlorethane, 50, 145, 174, 184
Pentamethylene, 122

Pentanes, 118

Penetrating agent, pine oil, 143
Pentosols, 166, 237, 238
Perchlorethane, 174

Perchlorethylene, 50, 171, 179, 186
Perchlormethane, 1

Peramyl alcohol, 239, 240

Perpeneol, 136

Per-spirit, 216

Petrohol, 2!6

Petrol, 118

Petroleum distillate, 121

— ether, 11

- hydrogenation of, 83

— industry, 9

— naphtha, 58 119

— odor masked, 1

—, solubility of (!able), 105-107

— spirits, 119

Phenmethylol, 182, 246
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Phenols, 246, 420

Phenolic resins, (table),

Phenoxyethyl acetate,

Phenthylene, 1

Phenylacetamide, 404

Phenyl benzoate, 64, 406

— bromide, 192

— chloride, 192

Phenylene, 132

Phenylethylene, 133

Phenyl hydride, 127

— methane, 128

— methyl ketone, 295

— salicylate, 428

Phorone, 60, 62

Phosphoric esters, 421

Phosphorus, 173

Phthalic esters, 423

Pimelin kelone, 295

Pinene,

Pine oll 62 121, 143-147, 282

— soap, 1 143

Pinol, 410

I’ltches solubility of in coal-tair naphtha, 131

Plasticity, advantages of in industry, 29

Plasticizers, 385-487

—, defimition of, 29

—, development of, 32

—, for cellulose acctate, 34

classification of, 25-27

for nitrocellulose, 33

gelling powers of, 29

tensile strength affected by, 429

molecular aggregates, 31

properties of, 29, 30, 32

—, (table), 37 38. 39, 40, 41

purposc of, 29

recently proposed. 34, 35

requirements of, 31, 32

solvency of, 29, 32

solubility of, 434

tensile strength of, 430

used with cellulose acetate, 34

used with nitrocellulose, 33

Plasticizing mixture, styrol with triphenylphos-
phate, 133

Pliolite resins, 83

Polar and non-polar compounds, 2, 9

Polar groups, 2, 9

— solvents, 9

Polyglyceryl acetate, 387

Polyglycols, 343

Polymerization, 1, 2, 9

Polymethylene derivatives, 122

Polynomials, 453, 454, 455

Pontianac gum, 108-110, 205, 262, 276, 279, 282,
315, 339, 358

Potatoes, sprouting of, with
hydrin, 194

Precipitation, cause of, 6

Pre-spotting, trichlorethylene, 179

Propanedial, 254

Propanol, (see propyl alcohol)

2-Propanone,

Propionic acid, 273

— esters, 374

Propionins, 388

Propanoxime, 294

Propylene chlorhydnn 195

— dichloride, 50, 174-177

2, a-propenyl du‘hlorhydnn 195

I‘ropylene glycol, 249, 256, 257, 258, 259

—, solvent for, 254-259

— diformate, 347

— monoformate, 317

— of monoethyl ether, 436

Propyl abietate, 385

n-Propyl acetate, 348, 355

— alcohol, 215-216, 224, 230, 237

sec-Propyl alcohol, 216

Propgl benzene, 131

— ether of diethylene glycol, 411

— — dipropylene glycol, 411

— — ethylene glycol, 436

~-- — ethylene-propylene diglycol, 411

114-116

rplrrrrrriianld

ethylene chlor-

Propyl ether of triethylene glycol, 411

— formate, 45

— formic acid, 274

— furoate, 263

n-Propyl glycollates, 378

Propyl levulinate, 376

— oxamate, 419

— valerianate, 378

Pseudo hexyl alcohol, 244

Pseudocumene, 131

Pyranton A, 293

Pyrene, 156

Pyrethrum ext.ract, solubili(y of (table), 105-107
—, extraction of,

Pyridine homologues and analogues, 428

Pyromucic aldehyde, 2

Pyroxylin, 9, 15, 32, 406, 407, 413, 416, 418

Quinoline homologues and analogues, 428

Raoult’s law, 43 X
Rates of evaporation, see Evaporation, rate of
Rayon boil-off agent, pine oil, 143
Refractive indices, 463
Relative evaporation rates, curves, 58, 60, 62
Requirements of plasticizers, 31, 3
Requirements of solvents, 27, 28
Resins, solubility of 1n acetone (tables),
279, 282, 283
—, —, in toluene, 129, 136, 137
—, —, in benzene, 127
—, —, in coal-tar naphtha, 131
—, — 1n Xylene, 130
—_ solubnhty of (tablcs) 90, 111, 112, 113, 171, 270
— solutions viscosity of, 70
Rezyl resins, 12
Ricinoleates, 35, 114-116, 416, 417
Ricdeal-Walker test, 146
Rosin, 19, 108-110, 151, 156, 163, 179, 205, 215, 216,
276, 289, 294, 307, 315, 323, 339, 349, 355, 358,
362, 368, 377, 379, 380
Rosin-kauri gum, 295
Rosin spirit, 147
Resorcinol, 230
— acetate, 388
Rubber, crude, 368, 418, 433
—, —, solvents for, 96, 97, 131
—, —, acetone-soluble components of, 282
—, chlorinated, 83, 411, 418, 425
—, reclaiming of, with solvenol, 135, 136

Safe-T-Esso, 18, 25, 60, 62

Safety explosives, hexachlorethane in manu-
facture of, 174

Salicylic acid, 274

—— esters, 428

Sandarac gum, 108-110, 129, 156, 163, 205, 216, 230,
228 262, 276, 283, 296 307, 313, 323, 355, 358,

Santlcizer #8, #9, 429

— B-16, E-15, M-17, 411

Scouring agent, pine oil, 143

Scouring, Decalm 152

— tetrahydronaphthalene, 151
—, solvents used in, 99

Sextate, 368

Sextol, 247

Sextol lactate, 382

Sextone, 295

Sextone B, 296

Shellac, 16, 111, 112, 113, 173, 179, 195, 202, 205,
215, 216, 229, 230, 238, 246, 257, 262, 294, 295,
307, 315, 323, 339, 346, 358, 368, 377, 379, N
381, 382, 386 412 423 424, 429 432, 433, 434

- solubillty of in acetone, 283

Shingle stain,

Shingle stain oil, 133

Sipalin A.O.M., 392

Sitosterol, soluble in, 98

Soap, pine oil, 146

— preparations, trichlorethylene, 179

Soap-solvent mixture, 99

Sod;;xm schloride, aggregate formation affected
Y

s
8
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Softeners, 25, 29, 31, 33
Solubility, and molecular aggregates, 4
Solubility curve, of butyl alcohol, 234
of butyl “Cellosolve’” in water, 315, 318
of “Cellosolve” acetate in water, 318, 370
of cellulose acetate, 169, 197, 205, 310, 343, 344
of trichlorethylene in water, 183
of Y4-second R.S. nitrocellulose, 164, 165, 166,
167, 176, 205, 227, 235, 243, 245, 291 293 305,
307 310 312, 317, 344 351, 353 355 357 358
360, 371 372 373 375 462
Solubllity of gums (table). 108-110
— of oxygen groups, 16
— of muscellaneous substances (table), 105-107
— of resins (table), 90, 111-113
— of sterols, 98
— of synthetics (table), 114-116
— of water in solvents, 17, 18
— of waxcs (table), 111-113, 285
Solution, phases of, 1
—, theory of, 1
—, uscfulness of, 14
Solvatone, 167, 310
Solvency, 14, 15, 16
--, fortified, 83
Solvenol, 135, 136
Solvent, definition of, 1, 15
— for pyroxyhn, 15
—, growth of mdustry, 82
— mpurities, 13
—, mixture composition of (table), 75
- - mixtures, dilution ratios, 20-23
- mixture, 1cquuements of, 27
-~ naphtha, 29
-— plasticizer, 29
Solvent action, 16
-~ — of ethyl cther of cthylene glycol, 33
~- of hydroxyl group, 12
— ~— of organic group, 15
--- —, definition of, 15, 17
— — on leaves, 91-95
Solvent composition, 318-320
Solvent power, 32
— — acquired, 69
— — for nmittocellulose, 15
— — ncrease, 15
number, see also dilution ratio, 11, 12
properties of, 97
— relation to viscosity, 68
— — requirements, 27
-— — selective, 97
-— — trend of, 82
— — volatile, 71
Solvent propcrtics of amuncs, 393, 394,
397, 398, 399,
Solvcnts, chemlcal classification, 25, 26
—, chlorinated, use of, 90
classification by boxlmg point, 23-25
coal-tar, 83
constant-boiling mixtures of, 5, 6, 47-53, 57
constant-evaporating mnxturcs of 56
diseases due to, 76
dry-cleaning, 99
effect on infested cabbages, 96
explosive property of, 72
fungicidal properties of, 91, 92, 93, 94 95 96
hazardous concentrations of (t.xb e),
1gnition temperatures of (table), 73, 74
mﬂammabnhty of, 71
in fat extraction, '99
in oil extraction, 97
lacquer, 82
lacquer-base, 172
latent, 15
lifting action of, 83, 84, 85
requirements of, 27, 28
solubility of water in, 17, 18
toxicity of, 75, 76, 80, 81, 185, 186
use of in the industries ﬁtable), 100, 101
used in cellulose-acetate lacquers, 172
Solvcssn, 58, 60, 62, 143, 148, 365
Solvulose, 31
Sorbitol, 420-421
Sorbitol compounds, 347

JJJJJJJJJJJJJJJJJJJJJJ

395, 396,

Specific gravity curves of
butyl alcohol,
— Carbitol, 330
— “Ccllosolvc," 31(7 318
Carbatol, 326, 327
“Ccllosolve,” 311, 318
— acetate, 318, 371
diethylene glycol 321
1, 4-dioxane,
cthyl acetate, 352 353
— alcohol, 209
2-ethyl butyl a]cohol 244
ethyl ether, 30.
ethylene dlchlonde, 168
— glycol, 251, 252
hexone, 290
isopropyl acetate, 356, 359
- a]cohol. 21, 222
— ether, 303
mcthyl alcohol 201, 202
— amyl alcohol 240
— Carbitol, 335. 336
— “Cellosolve,’” 308
octyl alcohol, 242
propylene glycol, 259
trichlorethylene, 180
Specific gravity, evidence of molecular aggie-
gates, 3
—, of glycerol, 261
Specific heat curves of
Tatyl C-u'lnto] 333
Carbitol, 325
ethyl al(ohol 211, 212
— ether, 298
cthylene glycol, 25t
isopropyl alcohol, 221
mecthyl alcohol, 200, 201
methyl Carbitol, 336
Specific solvent power and aggiegates, 3
Spermaceti wax (table), 111-113
Spinit of turpentine, 137
Spotting agents, 102-104
Sprouting dormant potatocs, ethylene chlor-
hydrin, 194
Spruce turpentine, 134
Stabilizer, formic aud, 272
Starching process, solvents used in, 99
Static electricity, 75
Stearates, 35
Stearin-pitch, 131
Stenches, 77, 78
Sterols, solubihity of, 98
Stoddard solvent, properties of, 102
Straight hine equation, 439
Styrene, 131, 133
Styrol, 133
~and triphenyl phosphate, plastiazing
mixture, 133
Styrolene, 133
Succinic aad, 35
— esters, 415
Sucrose octa acetate, 387, 388
Sulfite turpentine, 134
Sulfonamide, derivatives of, 428, 430
—, resins, 434
Sulfonates, 431
Sulfones, 432
Sulfoxides, 432
Sulfur, 173, 179, 246
Sulfur dioxide, liquid, polarity of, 9
Sulfuric ether, 298
Surface tension curves of
butyl alcohol, 233, 234
— Carbitol, 330
Carbitol, 329
diethylene glycol, 322
1, 4-dioxane, 342
ethyl acetate, 350
— alcohol, 209, 210
ethylene glycol, 252
isopropyl a]cohol 218
methyl alcohol, 204
— Carbitol, 334
propylene §lycol
Synthetic resins, solubility of (table), 114-116
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‘Tanning extracts, butyraldehyde, 267
‘Tannins, 90, 362
Tartaric acnd 35
— esters,
Terpcnsll acetate, 46
a-Terpineol, 46,
Teglac Z-152 solublhty of (table), 114-116
Terpenes, 13

—, resin solubility in, 136, 137

-—, vapor pressure (table), 264
Terpinolene, 136, 265
p-tert-Butyl phenol, 420
‘Tetrabromethane, 172
Tetrachlorethane, 50, 171, 172
Tetrachlorethylene, 177, 180, 185 186 187
‘Tetrachlorethylene dlchlondc, 174
‘Tetrachlormethane, 156
Tetraglyceryl acetate, 388
‘Tetrahydrofurfuryl alcohol, 60, 62, 262-263
‘Tetrahydronaphthalene, 60, 62, 151-152
-~ derivatives, 428
‘Tetralin, 48, 151
‘Tetramethylene, 122
-—, pentamine, 400
‘Thinners, 19, 83, 172, 176
—, effect of, 69
—, influence of, on durability of paint, 86, 87,

88, 89
See also Diluents

Titanox lacquer, 425
Toluene, 20, %6' 22, 23, 54, 58, 83, 90, 128-129, 143,
164, 165, 186, 167, 169, 176, 203, 205, 227, 229,

235, 243, 245, 291, 293, 307, 310, 312, 317, 343,
344, 351, 352 3§3 355, 358, 300, 365, 371, 372,
373, 375,

o0- and’ p-Toluene ethyl sulfonamide, 429-430

Toluene substitutes, 130

Tolerance, see Dilution Ratio

p-Toluene sulfanilid, 404

— sulfodichloramide, 90

— sulfonamide, 429

Toluene sulfonates, 431

Toluol, 128

‘Tornesit resin, 83

Toxigisty of halogenated hydrocarbons (tables),
1

Toxicity of solvents, 75, 76, 80, 185,
Tragacanth, gum (tablcs 108- 110 283
Tri, see Trichlnrcthylcnc,
Triacetin, 35, 45, 386, 435
Tribenzoin, 406
Tribenzyl glyceryl ethers, 307
Tribromomethane, 16
Tributyl citrate, 409
Trnbutyl phosphate, 423
‘T'richlorbenzene, 194
Trichlorethane, 173, 184
B-Trichlorethane, 50, 171, 173
Trichlorethyl acetanilid, 404
Trichlorethylene, S0, 171, 176, 179-186, 187
—, substances soluble in, 181, 184
Trichlormethane, 155-156
Tricresyl carbonate, 409
hosphate, 29, 43, 44, 45, 64, 105-107, 422, 435

Triethanolamine, 249, 400, 403
Triethyl citrate, 409
— glycol, 258, 435, 436
Triet! ylene tetramine. 400
Triethylene glycol, 365
Triglyceryl acetate, 388
Trithydroxyethyl)amine, 403
Trimethylamine, 402
Trimethyl benzol, 133
— glycol, 254
Trinaphthyl carbonate. 409
Triphenyl borate, 406
— phosphate, 421, 422, 435
— — and styrol, plasticmng mixture, 133
Tritolyl phosphate, 421
Trouton’s rule, 43
Troluofl
Tung oil (tahlc) 105-107

See also Chinawood oil
Turpenting‘ 20, 21, 22, 23, 137, 138, 139, 140, 141,

e

142, 14

, gum, S8, 60, 137
— spirit of, 129, 137, 317

Turpentine (SCont‘d)

— spruce,

— substitute 121, 138
— sulfite, 135

Urea, resins (table), 434
Ureas, 433

Vacuum oil, 45
Vapor molecules, 42
— pressure, 42, 46, 62
Vapor pressure curves of
acetone, 292, 304, 436
amyl alcohol, 224
n-amyl phthalate, 43
benzene, 436
benzyl acetate, 48
— alcohol, 48
— chloride, 185
B-trichlorethane, 50, 171
bromochloroethane, 184
n-butanol, 224
n-butyl acetate, 354, 436
butyl alcohol, 224, 436
— benzyl phthalate, 43
— Carbitol, 46, 324
— cther, 301
n-butyl ‘ether of dlel]\ylenc glycol, 253
— — ethylene glycol,
n-butyl formate, 45
sec-butyl formate, 45
n-butyl phthalate, 43
— stearate, 45
camphor, 435
Carbitol, 48, 324
carbon tetrarhlondc. S0, 157, 171,
“Cellosolve,”” 309, 313
— acetate, 313
chloroform, 50 171, 184
chloroprene, 185
chlorotoluene, 185
Decalin, 48
dibenzyl phthalate, 43
dibromomethane, 184
dibutyl phthalate, 46, 435
— tartrate, 435
di-n-butyl terre phthalate
dichlorethyl! ether, 176 238 309 313
dichlorethylene, 50, 17
dichlormethane, 50. 171
dichlorobutene, 185
dichlorodifluoromethane, 184
dichloroethane, 184, 185
1, 1-dichlorocthane, 184
dicthanolamine, 400
diethyl phthalate. 43,
diethylene glycol 253 258 435, 436
—- triamine, 400
dimethyl phthalatc, 46
dinitro glycol, 185
1, 4-dioxane, 238, 309
dipropyl ketonc 292
cthanol, 207,
cthyl aretatc 354 436
— chloride, 50 171 184
— dibenzyl malon:ne, 44
— cther, 301,
— — of dxethylene glycol, Zﬂ 436
— — of triethylene glycol
ethyl formate, 45
— lactate, 436
— oleate, 44
ethylene chlorohydrin, 185
— diamine, 4
— dich]ondc S0, 171, 176, 238, 304
— glycol, 44, 2<3 258’
glycerol, "258
glycol dlacetate, 436
hexachlorethane, 50, 171, 184
Hexalin, 48
isoamyl acetate, 436
— alcohol, 224
— ether of ethvlene glycol, 436
— phthalate,
isobutanol, 224
isobutyl ether of ethylene glycol, 436
— formate, 45

176, 184
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Vapor pressure curves of (Cont’d)
1sopropanol, 224
isopropyl acctate, 354
— alcohol, 304
— ether, 301, 304
— — of ethylene glycol, 436
isopropyl formate, 45
medicinal hydrocarbon, 45
mercury, 4
mesityl oxlde, 292
methanol, 207, 224
methyl amyl ketone, 292
— butyl ketone, 292
— Carbitol, 324
— *“Cellosolve,” 309, 313
— — acetate, 309
methyl chlondc, 50, 171,
— ether of c(hylenc glycol 436
— ethyl ether, 292
— formate, 45
— glycol phthalate, 43
— 10dide, 184
— isobutyl ketone, 292
— morpholine, 400
— oleate, 44
— propyl ketone, 292
mono-chlor-naphthalene, 15
monocthylamine, 400
monoethyl ether of ethylene glycol, 436
morpholine, 400
— ethanol, 400
— ether, 400
nitrotoluene, 185
nitroxylene, 185
pentachlorethane, 50, 184
perchlorcthylene, 50, 171
n-propanol, 224
n-propyl ether of ethylene glycol, 436
— formate, 45
propylene dichloride, 50, 176
— glycol, 258
terpenyl acetate, 46
terpincol, 46
tetrachlorethane, 50, 171, 184
tetrachloroethylene, 185
tetraethylenc pentamine, 400
Tetralin, 48
toluene, 436
triacetin, 45, 435
trichloroethane, 184
trichlorethylene, 50, 171, 176, 185, 187
tricresyl phthalate, 435
tri-o-cresyl phosphate, 44, 45
— phthalate, 43
triethanolamine, 400
triethylene glycol, 258, 435, 436
— tetramine, 400
triphenyl phosphate, 435
vacuum oil,
vinyl chloridc, 185
Vapor pressure
—, affected by size of molccule, 51
—, in solvent evolution, 6
—, influenced by volatility, 43
—, — evaporation ratc, 43
—, of alcohol molecules, 42
—, table, 62
Vaporization, loss of energy in, 55
—, factors, influencing, S5

Varnish Makers’ and Painters’ Naphtha, 24,

25, 12
Varngsh, working qualitics with coal-tar naphtha,
131

Varnishes, lifting of, 83, 84, 85
Varnolene, 317
Varsol, 136, 143
Vinegar acid, 272
Vinic ether, 298
Vinyl resins, 114-116, 434
Vinylbenzene, 133
Vinylchloride, 178, 185
Vinylite, 114-116
Viscosity, 64
Viscosity and solvent power, 69
Viscosity curves of

butyl acetate, 360

n-butyl alcohol, 233

Viscosity curves of (Cont’d)
butyl Carbitol,
Carbatol, 327, 328
“(,ellosaive," 311
diethylene glycol, 322
1, 4-dioxane, 341
ethanol, 212, 214
ethyl acetate, 350
2-ethyl butyl alcohol, 245
ethyl ether, 29
ethylene glycol, 250
hexone, 291
isopropy! acetate, 357
methanol,
methyl a.myl alcohol 241
— Carbitol, 335,
octyl alcohol. 243
propylenc dichlonde, 175
lycol, 257
shc lac in methy! alcohol, 229
— 1n petrohol, 229
trichlorethylene, 182
Viscosity curves, 10% nitiocellulose of
butyl propionate, 379

ethyl lactate-solvent naphtha-butanol, 379

479

cthyl oxybutyrate-solvent naphtha- bulanol 379

pentacetate, 379
Viscosity of shellac solutions, 229
—, decrease of, 9
—, dcfinition of, 64
of ethylene glycol, 250
of 5% nitro-cotton, 62
of nitrocotton-dammar solution, 70
increase, 35, 68, 69
minimum, 68,
mobality of hquxds
of various substances (table), 67
reduction of, 64
relation to solvent power, 69
resin solution, 70
resistance to flow, 64
tamms in extraction media, 97

M. & P. Naphtha, 60, 121
Volauhty 71
-, relahon of to boiling point, 6
—-, influence of on vapor pressure, 43
—, — on evaporation rate, 43

Water, 230, 318
—, aggregates in, 3
—, conductance of, 9

<ll|||lIlH!

—, solubility of in solvents (table), 17, 18

—, — in trichlorethylene, 1
Wax extraction, trichlorethylene, 179

Waxes, solubility of, 96, 111, 112, 113, 285

Weight per gallon curves
n-butyl alcohol, 232
— Carbitol, 330, 331
— *“Cellosolve,” 316
Carbitol, 326
“Cellosolve,”’ 311
diethylene glycol, 321
1, 4-dioxane, 340
cthanol, 209
cthyl acetatc. 352

2-ethy! butyl alcohol, 214

ethvlene dichloride, 168
— glycol, 251
hexone, 290
isopropanol, 221
isopropy! ether, 303
methanol, 201
methyl amyl alcohol, 240
— Carbitol, 335, 336
— “Cellosolve,” 308
octyl alcohol, 242
trichlorethylene, 180

Westrosol, 179

Wetting agents, 99

- Decalm. 152
—, pine oil, 143

- telmhydrnnanhthalcnc. 151

Wood alcohol,

— naphtha, 285

— stains, 90, 371

— spirit, 285

— turpentine, 121
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X-ray, diffraction, in aggregate detection, 3, 8 p-Xylene dichloride, 427
Xylene, 20, 21, 22, 23, 55, 58, 60, 83, 129, 130, 143,  Xylene substitutes, 130

320, 365 ~ sulfonates, 431
— isomers, 131 Zanzibar gum, 108-110, 307, 362

—, chloride, 427 Zinc resinate (table), 105-107
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