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PREFACE

“Blast I'urnace Practice” is a condensed story of the making
of pig iron in the present-day iron blast furnace; it deseribes the
aw materials, plants and equipment used, and the products
and by-products manufactured. Operating practice, theories
of the process, commercial aspeets, and obsolescence are treated
from a furnaceman’s viewpoint.

This book is written for that inereasing number of men engaged
in the production and use of pig iron, in the mining and prepara-
tion of the raw materials, and in the building of blast furnace
plants and equipment. It may be used as a reference book by
students  Although there has been a drastiec reduction in the
number of blast furnaces in this country since the World War,
there has been a great increase in the number of technical men
employed in the making and utilization of pig won.

It is essential that the members of the operating organizations
all along the line, from the working faces of the iron and coal
mines through to the steel plants and foundries, should under-
stand the effeets of the quality of raw materials on the character
of the final products  Many of the qualities of pig iron in both
its forms, liquid “hot metal” and solid “iron in pigs,” even now
are little understood; there are wide frontiers of blast furnace
research still open for ambitious technieal explorers.

For nearly a decade previous to 1938, no new blast furnace
plants were built in this country, and there were some doubts
as to whether the blast furnace was, after all, the bhest medium
for getting metallic iron from its ores. That doubt is now past,
and the blast furnace process with its American practice is
recognized as the most efficient and cconomical method of
producing pig iron. It is timely, therefore, to deseribe briefly
the modern blast furnace and its solid, liquid, and gaseous
products.  This book is the result of many years of operating
practice and research work and makes use of copious extracts
from publications of contemporary furnacemen and research
men who have helped to bring the art of making pig iron to its
present advanced condition.
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One aim of the author is to call attention to the need of
further rescarch in the fundamentals of ferrous metallurgy and
to point the way to cooperative investigation of the reactions
inside the blast furnace  Although more of such work has
heen done in the past ten years than was done in the previous
two generations, when the industry was striving for tonnage
records, there is much still to be discovered.

High production is still demanded, but quality of product is
hecoming inereasingly desirable.

To give proper acknowledgment to all those who have con-
tributed to the writing of this book would be to make a very
long hist of all those men with whom the author has worked in
all the many phases of the making of pig iron.  The friendship
of furnacemen is the greatest reward of the strenuous life around
blast furnaces; the author is grateful to them all  The author
thanks the many contributors of text, photographs, and drawings
reproducced in this book; as far as possible due eredit is given in
the text and in the legends

Raven H Sweerskr.

New Yourk, N Y,

October, 1938
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BLAST FURNACE PRACTICE

PART I

THE BLAST FURNACE PLANT

Introduction.—‘Pig iron is the metallic product of an iron
blast furnace.” That is the definition officially announced by
the Canadian Government about thirty years ago when there
was a bonus on every ton of pig iron made in the province of
Ontario. At first the iron made was all in pigs, but when
molten iron was taken in ladles from the blast furnace over
to the Bessemer department the Government inspector would
not certify the weights beeause he claimed that the molten iron
was not “pig iron’’; hence the legal definition.

The United States Government, in the Tariff Commission
makes a very clear distinction between “iron in pigs,”” and states
that ‘““molten iron is not an article of commerce,” and says
further that, ‘“pig iron”” applics to all iron produced in the iron
blast furnace whether used in the molten condition or cast into
pigs.}

Pig iron is the raw material for practically all iron and steel
products. It has been made in this country for nearly three
centuries, and for the first one hundred years Massachusetts
produced more pig iron than any other colony. Then for two
hundred years Pennsylvania led all other colonies and states
up to 1932 and 1933 when OHio produced a few tons more;
in 1935 Pennsylvania took the lead again.

The first blast furnace built in Massachusetts on the Saugus
River near Lynn nearly 300 years ago used charcoal for fuel
in the smelting of the lean ‘“‘bog’’ iron ores. It was a very
small furnace making less than 1 ton of pig iron in 24 hr. The
last blast furnace built in Pennsylvania uses by-product coke

L U. 8. Tariff Commission Report on Iron tn Pigs, Feb. 2, 1927,
1
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oo T Jronom pugs W owlosy of Woodward Lron Co )

Fia. 2.—Pig iron is the raw material for steel.  Gary Works, Gary, Ind.  (Cour-
tesy of C'arnegie-Illinots Steel Corp.)



THE BLAST FURNACE PLANT 3

for fuel in the smelting of Lake Superior ores transported hun-
dreds of miles on railroads and on ore boats on the Great Lakes.
It is a very large furnace making 1,200 tons in 24 hr.

The blast furnace process in both these cases is practically
the same; a column of solid iron ores (oxides of iron), fuel, and
flux descends through the vertical shaft of the blast furnace,
meeting a large volume of ascending hot gases containing
about 34 per cent CO gas (carbon monoxide). The iron ores
are reduced to metallic iron, which melts and is drawn off at
intervals from the hearth of the furnace through the iron notch.
The earthy constituents of the iron ores (the non-metallic ele-
ments) and of the ash in the coke combine with the lime and
magnesia of the flux to form the blast furnace slag which passes
out of the furnace through the cinder notch at intervals between
the casts, and also at the casting time through the iron notch
together with the molten iron.

THE IRON BLAST FURNACE

The modern iron blast furnace of the year 1938 is practically
the same as the composite type of a 1,000-ton furnace selected
by the Blast Furnace and Coke Oven Association of Chicago
in 1930 with the exception that the top diameter is enlarged.
It is the wonderful result of the development, through mechanical
skill and eut and try methods in devising, of an apparatus strong
cnough to withstand the strain of a slowly moving descending
column of solid materials gradually getting hotter and hotter
till all are liquefied or gasified, meeting a voluminous column
of swiftly ascending hot gases gradually getting cooler. The
liquefied products, the molten iron and the molten slag, pass out
of the furnace at the bottom intermittently, and the gasified
products pass out at the top continuously.

Des'g:ription.—-—A vertical cross section of such a blast furnace.
is shown in Fig. 3. The main parts of the iron blast furnace
are the hearth or crucible, the bosh, the shaft, and the top; the
usual dimensions given to designate the size of a furnace are:
the height inside the lining from the level of the iron notch to
the level of the top platform; the diameter of the bosh; the
diameter of the hearth; the diameter of the stock line. The
bosh angle is important and is now usually 80 to 81 deg. plus.’
Bach part of the furnace has gradually been strengthened until
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now there is ample protection to the firebrick lining by means of
strong steel hearth jackets, tuyere jackets, bosh bands and shells
to hold the refractories in place, and water-cooled bronge bosh
plates and water-cooled iron hearth plates to keep the refractories
from melting out too fast.

The mechanical side of the blast furnace process has been
brought to a high degree of efficiency, and the principles of
heat exchange between the descending solids and ascending
gases are correet in theory, though in most cases unevenly carried
out in actual practice, but the chemical reactions are not yet
satisfactorily solved because of the lack of enough research work
to find out what really goes on inside the iron blast furnace, while
it is in normal operation.

The Hearth.—The hearth, or crucible, of the furnace is the
lowest part of the interior; it is the receptacle for the molten
iron after it has melted and trickled down through the bath of
molten hot slag that floats on the surface of the liquid iron.  This
hath of slag gradually rises until its upper surface is just below the
level of the bottom of the tuyeres, when the slag is drawn off
through the cinder notch down to a point where the blast begins
to blow out a'little with the flowing slag (see Fig. 3).

The level of the center of the cinder notch is 215 to 314 ft.
below the level of the center line of the tuyeres, depending on the
size of the furnace, and is 414 to 51, ft. above the level of the
iron notch.  The level of the iron notch when the furnace lining
is new is usually about 18 in. above the inside bottom of the
hearth, but after a while the fircbrick bottom gradually cuts out
and there is considerable depth of molten iron in the pool that
remains in the furnace even after each cast (sce Fig. 12).

The iron notch may scem to be a simple and an insignificant
part of the blast furnace, but its proper care and upkeep are
most important: through it, at intervals of 3 to 6 hr. depending
on the practice and the requirements for hot metal, there will
flow 50 to 200 tons of white-hot molten iron at a temperature
of 2550 to 2750°F. When the level of the iron inside the furnace
is down to the point when the blast begins to blow out the hot
gases, the iron notch is shut by forcing a cylinder full of iron-
notch clay from a powerful mud gun, which is truly an auto-
matic breech loader operated by steam, compressed air, or
electricity. The largest and latest types allow the iron notch
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to be shut without taking the blast off the furnace, and even
without slacking the blast.

The .Tuyeres.—Above the hearth are the tuyercs, regularly
spaced around the circumference of the tuyere jacket through
which the hot blast is blown into the furnace. They are 8 to
16 in number and are made of copper, or copper bronze, water
cooled. They arc casily removable and arc fitted tightly into
a tuyere cooler which helps to protect the firebrick lining at
this very hot part of the furnace. The nose of the tuyere is
usually circular, lalthough’ tuyeres with oval openings have been
used. .

The Bosh.—Just above the tuyere jacket the lining of the
furnace slopes outward till the maximum diameter of the interior
of the furnace, called the “bosh diameter,” is reached at a level
about 10 or 11 ft. above the center line of the tuyeres. This
section of the furnace is a truncated cone with its larger diameter
at the top. In most furnaces there is’a cylindrical part of the
furnace, 4 to 10 ft. in height, of the same diameter as the bosh
diameter, called the “straight part of the shaft,” immediately
above the bosh line.

The Shaft.—Above the bosh comes the shaft of the furnace
which is another truncated cone, this time with its larger diam-
cter the same as the bosh diameter, at the bottom, and its
smaller diameter near the top of the inside of the furnace.

The Furnace Top.——All the solid materials used in making
pig iron—the iron ore, the fuel, and the flux—arc fed into the
top of the furnace at more or less regular intervals and are deliv-
ered to the inside of the furnace without any serious interruption
to the enormous and continuous stream of blast furnace gas
that passes off the column of solid stock at the point where the
cold fresh stock is delivered. The mechanical device that
closes the top of the furnace so as to prevent the tons of hot
gases from escaping into the air, and allows the raw materials
to be delivered inside, is the double bell and hopper shown at the
top of Fig. 3; the little bell is 5 ft. 6 in. in diameter and the big
bell is 14 ft. 8 in. in diameter.

In order to deliver the ‘“‘stock” (the mixture of the coke, ore,
and flux) evenly around the circumference of the top of the
stock inside the furnace, a revolving top, called the “McKee top”’
(invented by Arthur G. MecKee), is almost universally used
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(see Figs. 14 and 15). By means of suitable mechanism the little
hopper and little bell, together with whatever stock is on the bell,
are revolved through the predetermined degrees of a cirele, and
then the stock is dropped onto the big bell until the big hopper is
filled with its layers of ore, fuel, and flux. The little bell is then
closed and the big bell lowered so that all the stock slides down
into the furnace. The level of the top of the stock inside the
furnace is kept at a few feet below the level of the big bell when
closed; this level is called the ‘““stock line.” When the stock
in the furnace is up to this level, the furnace is called “full.”

The Downcomers.—The large annular space at the top of
the furnace, around the big bell and hopper, 15 filled with the hot
waste gas, called “blast furnace gas,” which then passes out and
down through one or more downcomers into the dustcatcher
and through whatever cleaning devices there may be for removing
the particles of fine dust from the gas. The off-takes for the
gas are placed at equidistant points around the furnace top,as
shown in the picture of the Warren, Ohio, furnace of the Republic
Steel Corporation (sce Fig. 4).

The weight of the waste gases passing off through the down-
comers is at least 114 to 134 times as great as the total weight
of all the solid materials going into the furnace, and 314 times
greater than the combined weight of the molten iron and molten
slag flowing from the furnace at the bottom. The volume of
these gases is so great that the velocity at certain parts of the
stream at the stock-line level has been found in some blast
furnaces to be greater than the speed of Sir Malcolm Campbell’s
2,500-hp. racing auto, ‘“Bluebird,” when he broke the world’s
record by driving at the rate of 301.3 miles per hour, which
equals 5.02 miles per minute, or 4,419 ft. per second.

The Waste Gas.—The temperature of the waste gas as it
comes off the top of the furnace is about 250 to 450°F., and
consequently carries off much sensible heat. Its calorific value
varies from about 90 to 105 B.t.u., according to the materials
used and the blast furnace practice. Blast furnace gas is a
valuable by-product, and when properl¥ cleaned is cleaner than
the air we breathe; it is used for heating the blast for the blast
furnace plant and often for surplus power, for gas engines, for
underfiring coke ovens, and for various uses around the steel
plant and sintering plant.
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Hot-blast Stoves.—About 20 per cent of the waste gas is
burned in the hot-blast stoves for heating the blast to a tempera-
ture of 1250 to 1600°F., thus recovering a considerable amount
ol heat removed from the furnaces by the waste gases. The
checker brick of the stoves absorbs the heat from the burning
of the waste gas in the combustion chamber of the stove; then,
when the cold-air blast from the blowing engines is blown through

F1g. 4—Blast furnace, stoves, gas washer. (Courtesy of The William B.
Pollock Co.)

the cheeker brick in the stoves, it takes on much of the heat
that has heen stored up (see Figs 4 and 5).

Blowing Engines. The war blast isx greater by weight than
all the solid maternals put together for the production of a ton
of pig iron, bhemg over 4 tons (8,960 1b.) per 2,240 1b. of iron.
ATl this aur 1s taken from the atmosphere and pumped by reeip-
rocating engmes or else rotary compressors and foreed through
the hot-Dlast stoves oninto the hlast turnace  This takes much
power which is generated trom the waste gases, either directly
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or indirectly, so that a large part of the enerey in the surplus
fuel used in the blast furnace process is recovered and utihzed
in the proce-s v<elf  Formerly all this surplus energy was con-
sumed in heating the blast and i rasing steam to furnish pow e
for operating the whole blast turnaee plant.

TR 00

LN LT

41h Section

ko Fills for
3 3rd Secton

Fills for
2nd Section

% Fills for
/st Sectron
Fic. 5.-—Vertical cross section of hot-blast ~tove  (Trans AT M K, vol 113
Harlaw

The Raw Materials.- The whole mron and <teel mdustry s
based on units of iron and units of tuel Gsnally cwvbon)  The
element iron, Fe, makes up about 91 per cent of the product
pig iron, the balance being other metals and metallods The
carbon not only furnishes the heat and forms the reducing agent
for smelting the iron from 1t~ ores. but a certam pereentage
(3.50 to 4.50 per cent) of carbon enters mto the chenneal and
physical composition of the pig ron atself.
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In a typical case it required the following materials to make
a ton of pig iron:

Iron ore R 4,333 1b. 1 934 gross tons
Coke 2,162 1 0 965 gross ton
Limestone 1,078 Ib. 0 481 gross ton
Solid matenals A 7,573 1h. 3 380 gross tons
Aur blast. . 8,885 1b. 3 966 gross tons
Total materials 16,458 Ib 7 346 gross tons

This statement shows the importance of the blast furnace in
reference to freight tonnage; to produce 1 gross ton of pig
iron it requires about 31, gross tons of solid materials besides
the miscellancous supplies and repair materials.

The products of the blast furnace are

Pigwron ... . 2,240 Ib. 1 000 gross ton
Slag 1.222 1h 0 545 gross ton
Gas . . . . 12,721 1h 5 679 gross tons
Flue dust . 2001b 0 088 gross ton
Total . 7 312 gross tons

Roughly speaking this mecans about 2 tons of ore, 1 ton of
coke, and hall a ton of limestone to make 1 ton of pig iron and
a little more than half a ton of slag. Thix means that a blast
furnace plant making 1,000 tons of pig iron in 24 hr. would
require:

about 2,000 tons of iron ore = 40 carloads
Inbound< about 1,000 tons of coke =25 carloads
about 500 tons of imestone = 10 carloads
3,500 tons 75 carloads
about 1,000 tons of pig iron 20
(6]
"ﬂmumlguhout 300 tons of slag 11 31 carloads

To the atmosphere about 3,700 tons W:\stc_giz\s' 111 carlonds

The Process.—It is a strange metallurgical process that
requires 75 carloads of inbound freight and produces only 31
carloads of outbound freight, sending the equivalent of 114 50-ton
carloads of waste gases into the atmosphere.

Here again, the mechanical equipment and the mechanical
practice have reached such perfection that waste gases are now
so thoroughly cleaned that when they are finally wasted into
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the atmosphere there is less solid pollution than there is in the
air in any room.

But the strangest part of the blast turnace process is the
immense success in its manufacture in spite of the rather meager
knowledge of the fundamentals pertaining to the reduction
of iron oxides by means of carbon monoxide in the presence of
carbon and carbon dioxide. According to the theories of the
scientists and physiochemists, there are reactions of reduction
and of reoxidation continually taking place within the shaft
and the bosh of the furnace  From the samples of iron and slag
withdrawn through the tuyeres, we know positively that these
reactions arc not complete even when the molten iron and the
molten slag pass down through the combustion zones in front
of the tuyeres where the solid incandeseent coke meets the hot
blast and is converted into a mixture of carbon monoxide and
nitrogen having a temperature of about 3500°F.

The molten iron passes down through a layer of molten slag
and is instantancously purified from nearly all the sulphur
which had combined with it shortly after being reduced from
the oxide.  The character of the slag must be sueh in chemieal
composition and temperature as to cause the sulphur in the
molten iron to be changed into caleium sulphide which in turn
ix dissolved in the molten slag which floats on the surface of the
molten iron like cream on top of milk.

THE 1,000-TON FURNACE

When a group of blast furnacemen, actively engaged in the
operation of or in the designing and building of blast furnaces,
work together for several months studying the designs and
performances of large blast furnaces, with the aim of agreeing
on a composite plan for a blast furnace that would make 1,000
tons of pig iron per day, it is certain that the consensus of opinion
will be a design sound in prineiple and capable of the desired
performance. Such was the case with the committee of the
Blast Furnace and Coke Association of the Chicago District
which presented its classic report, entitled “The Modern Blast
Furnace and Auxiliaries,”” on Apr. 1, 1930, in Chicago.

The conclusions, designs, and dimensions agreed upon were so
conservative that many blast furnaces of similar form and size
have produced more than 1,000 tons per day; some as much as
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1,400 tons.

BLAST FURNACE PRACTICE

The author’s own remarks on the design, published
)

in the annual number of Blast Furnace & Stecl Plant, January,

1931, were as follows:

I know that blast furnaces approximately of these dimensions are

already making 1000 tons, or more,
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pig iron per 24 hours. Naturally,
T will apply the rule of the South-
ern Ohio Pig Iron and Coke
Association to determine the capac-
ity of this furnace computed at
the rate of burning 60 1bs. of coke
per cubie foot of working volume
per 2% hours, the “working vol-
ume” bemg the cubical contents
of the furnace from the level of
the center line of the tuyeres to 2
feet below the bell when elosed.
According to the dimensions of
Iig. 9 of the report [Iig 6] the
furnace has a working volume of
35906 cu. ft. from center hne of
tuyeres up to the stockhine, at 60
Ih. of coke per cubice foot the fur-
nace should hurn 2,094,363 Ibs. of
coke, which at 1900 Ibs. coke per
ton of pig iron means 1102 tons ot
pig iron per 24 hours. There 1
no doubt but the furnace can do
it if the coke ash is not over 10
per cent and if the ore muxture
contains as much as 5113 per cent
iron natural.

If the furnace should be filled to
within 2 feet of the bell when

closed, the calculated capacity of the furnace would be increased about
35 tons to a total of 1137 tons per day.

Weirton No. 1 blast furnace is similar to the proposed furnace in most
dimensions, but is only 91 ft. 6 in. high; its hearth diameter is 25 ft.

6 in. and bosh diameter 28 ft. 6 in.

over 1000 tons per day.

This furnace makes comfortably

In the same January, 1931, issue of Blast Furnace & Steel Plant,
H. A. Brassert called attention to the fact that
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The 1000-ton furnaces of today have hearths more than twice the
area of their stock lines. The outcome of this development 1s an ill-
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Furnace & Coke Oven Assoc., Chicago )

proportioned furnace approximately the shape of a bottle. It has given
the desired tonnage, but the increased ;)}'oduction has been generally
accompanied by high ore losses and a relatively high coke consumption,
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items which in some cascs have more than offset the saving in labor and
general expense. If the furnace were blown in proportion to the size
of its hearth, all the fine ore would be blown over into the dust
catcher. . . .

I am of the opinion that more attention should be given to increasing
the heights of the stacks in proportion to the great increases helow.

The correetness of these comments of Mr. Brassert has been
demonstrated during the past seven years, and about the only
changes in blast furnace design have been the widening of the
top of the furnace and some increase in height.

The dimensions of this 1,000-ton furnace were as follows:

Hearth diameter 25ft 1 n
Bosh diameter, 28t 3
Stock hine diameter 19 ft. 0 n.
Bosh height, slope 8 ft. 81, n
Tunnel head at top of hosh height 6 ft.
Height of inwall 56 ft. 71, 1n
Height of throat at stock line 4ft 1 m
Height of furnace overall 97 ft 4
Height of furnace center ine of tapping hole to

deck ring ' 95 tt. I
Diameter of bell 14 tt.
Angle of bell 20 deg.

A thickness of brick of 3113 in. in the hearth and bosh walls, and an
average of approximately 45 in. in the remainder of the stack makes it
possible at some future time, without change of shell or hearth sections,
to increase the size of the furnace by an additional 18 in. No cooling
plates have been proposed above the mantle. Sixteen tuyeres and
columns are proposed. A stock line armor embedded in a reinforced
band has been included.

The lines of this proposed furnace are shown in Fig. 6. The
details of the brick-lining, construction of shell and hearth jacket
and cooling plates are shown in Fig. 7.

The stocking and charging equipment consisted of the fol-
lowing :

Ore bridge and unloader:
Two 10-ton bucket-man trolley unloaders, 550 tons per hour
Ore bridge rated at 15 tons with free stocking capacity of 750 tons
per hour
Ore Bins:
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Number and Capacity per bin,| Total capacity,
material tons tons
— - i
I
9 ore 230 2,070
3 limestone ! 157 471
2 serap i 500 1,000
1 open-hearth slag ! 250 250
1 roll seale 350 350
1 sinter 320 320
1 coke, center bin 230
3 umt coke | 40 120
21 bins total Y

The bins are served with double-compartment scale car, each
hopper having 250 cu. ft. capacity; rated at 25 tons. It would
have a speed of 600 ft. per minute.

The coke from the central coke hin chutes, with no provision for coke
breeze screening, into an automatic weigh hopper of 200 cu. ft. capacity.
. . . When desired, coke may be charged m weigh hoppers on volu-
metric basis.

The operation of skip, bells, distributor and stocklime recorder is
effected by automatic sequence control,

Only two men per turn are employed.

The double-skip hoist is of cantilever type; “ecach skip ix of
200 cu. ft. effective volume, bail type, and provided with roller
hearings and discharges into a McKee distributor having an
effective volume of 230 cu. ft. Skip hoist, bell hoist, McKcee
distributor and stock-line recorder all are tied into one syn-
chronized control.”  (See Fig. 8.)

CONSTRUCTION OF THE SHELL

The shell of the blast furnace is that part of the steel jacket
extending from the mantle upward to the top platform, and
enclosing the brick lining of that part of the furnace called the
“shaft”’ where the preheating of the charge and most of the reduc-
tion of the iron ore take place. It is essential that the shell
be strong enough to hold the brick lining firmly in place
when it is subjected to the expansive force of heat and, sometimes,
to the more powerful expansive force of the reactions of certain
honferrous metallic oxides, such as zine and lead. The shell
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usually supports the top platform and all the bells and operating
mechanism of the furnace top, as shown in Figs. 4 and 13. Some-
times the top platform and superstructure are supported on
structural-steel columns resting on the mantel. The plates
at the mantel are heaviest, 11¢ in. thick on big blast furnaces

3 —\.’ A\
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Fii. 8.—-Skip howst and stock house  (Cowirtesy of Blast Furnace & Coke Oven
Assoc., Chicago.)

for at least two rows of sheets above the mantel; then come 34-in.
plates, or at least 5g-in. plates, up to the top plates, which are a
little heavier. The butt straps for the riveted shells are of
heavy construction. Recently some furnace shells have been
welded throughout.

Construction of the Bosh.-—The bosh of the blast furnace, the
part sloping a little more or a little less than 10 deg. from the
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perpendicular and extending upward from just above the tuyeres
to the mantel, is subjected to the highest temperatures m<ide
the furnace, and the firebrick used must be especially protected
and supported; this part of the turnace does not support anything
but is itself supported by the hearth jacket, or, in ~ome cases
where there is a steel-plate bosh jacket or a “petticoat’ jacket,
is suspended from the mantel.

The firc-clay bricks of the hining arve prorected more i this
part of the furnace than mn any other, chiefly by bronze hosh

I'ta 9 \ Nouthern merchant furnace  (Trans VT M I vol 120, Crockard )

plates through which clean water circulates, 1t is not necessary
that this water be very cold but it must not reach a temperature
too hot for the furnacemen to handle in case of changing a
leaking plate. Usually this water is recireulated alter being
cooled in a spray pond. The bronze cooling plates are kept m
position by cast-iron or steel bosh-plate frames such as shown
in Fig. 10, which are held in place either by what is deseribed’ as
“practically a permanent bosh,” or by strong, wide, ~teel hosh
bands supported from the mantel by strap hangers fastened to

1By Francis H Crockard in his paper “Progress in Southern Blast-
Furnace Practice’” (Trans. A.I.M.E., vol. 120).
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cach succeeding bosh band (see Fig. 11). The angle of the
bosh shown in Fig. 10 can be changed by changing the position
of the nose of bosh plates.

Construction of the Hearth.—The hearth of a blast furnace
requires the heaviest and strongest construction, not only
because of the weight and pressure of the tons of molten iron and
slag, but becausc of the danger resulting from the slightest erack
in the brickwork through which iron might trickle and eventually
cause a hreakout in the hearth, formerly one of the most dis-
astrous accidents around a blast furnace, but now seldom
experienced.

Figure 11 shows the design of a 25-ft. hearth as built by Arthur
G. McKee & Co. The hearth jacket of 1lg-in. steel plate is
14 ft. deep with cast-iron water-cooled plates between the
jacket and the brickwork; the total depth of 15 {t. of bottom
brick laid as indicated should prevent the formation of any
sizable salamander.

The outline of a salamander weighing only 77 tons is shown
in Fig. 12. It is remarkable for its small weight and for the
very distinct cleavage plane at the top of the bottom course of
1314-in. brick inside the hearth jacket. These bottom ‘“‘blocks”
(1314 by 6 by 3 in.) were hard burned, carefully made and sized,
and most carefully laid.

Big-hearth Furnaces.—Iach decade of blast furnace practice
has some particular dimension that is emphasized, such as the
angle of the bosh, the diameter of the bosh; beginning about
1927, it was the big-hearth furnace. Several furnaces with
hearth diameters of 25 ft. were built, and at the Aliquippa Works
of Jones & Laughlin one furnace, No. 4, 90 ft. high, had a hearth
diameter of 27 ft., and the biggest hearth diameter (No. 3 fur-
nace) at the same plant was 28 ft. 6 in. This furnace was 90 ft.
high, with 30-ft. bosh diameter and ‘86-deg. bosh angle. The
stock line was only 19 ft., which was out of proportion. Both
furnaces had 12 columns and 18 tuyeres. In No. 4 furnace
have been made over 2,100,000 tons on the original lining with
only minor repairs to the stock line.

The big-hearth furnaces at Weirton, W. Va., are 91 ft. 6 in.
high with 25 ft. 6 in. hearth diameter and 19 ft. 4 in. stock line;
16 columns and 16 tuyeres on one furnace and 12 columns and
12 tuyeres on the other.
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Some of these big furnaces are as easily handled as those much
smaller, but apparently the only advantage they have is the
large tonnage of hot metal that can be held in the hearth and cast
at one time. All the above furnaces make over 1,000 tons per
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F1G. 12.—SBalamander in blast furnace. (Mining and Metallurgy, vol. 13.)

day, some over 1,200 tons, but apparently there is no saving in
coke consumption.

Construction of the Top.—The top of a modern blast furnace
must provide adequate, automatic, and accurate means for the
two-way travel of all the descending solids that enter the furnace
and all the ascending gases that leave the furnace. In the cross-
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seetion view of a blast furnace (Fig. 3) is shown the double-bell
and double-hopper arrangement for lowering the charges of ore,
coke, limestone, and <erap into the top of the furnace, and at
the same time preventing the escape of the waste gases except
through the off-takes and downeomer such as shown m Fig. 13,

Fra. 13.—Construction of furnace top  (Cowrtisy of Arthur G. McKee & Co)

There must be room cnough on the top platform for men to
work m changing bells and hoppers and making any necessary
tepaits to the revolving top or charging apparatus.  The bells
and hoppers, downceomers, gages, cte., will be deseribed in later
chapters. .

The McKee Revolving Top.—After double bells and skip
hoists replaced “top fillers” (men on top who dumped the buggies

of ore, coke; and limestone into the single big hopper) and the
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vertical plattorm elevators, 1t was tound that 1t was impossible 1o
distribute satisfactorily the <tock on the big bell <o that <ue-
cessive charges of ore, coke, and limestone were evenly lowered
mto the furnace  Manv deviees were designed and installed
with varyving degices of improvement, but the most suceessful
was the MeKee revolving top mvented by Arthur (v MeRee,

Fra 14 -— MceKee revolving top  (Courtesy of Arthur (1 MeKeo & (o

A\ photograph of the exterior of the MeKee rexolving top s
shown in Fig. 14, and a cross seetion of the tevolving hopper and
the <small bell i~ shown o Tag 15 An electrie motor, antomati-
cally controlled, revolves the hopper and <madl hell through a
predetermined part of a cunele <o that cach ~kipload of the stoek
s dumped onto the big hell at a spot different from the preceding
~kipload. thus distributing the stock regularly insde the furnaee
when the big bell 1= lowered  This wirangement prevents the
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segregation of the big lumps of materials all going to one <ide
of the furnace, which would be opposite the skip hoist if it were
not for the revolving top.

LINES OF BLAST FURNACES

Of all the 1,870 blast furnaces built 1 this country from the
day~ of the Massachusetts colony to the time of the new Ford
Motor Co furnace now in construetion, it is safe to say that very
few hav e had properly proportioned *lines,” as the inside Cinen-
sions of heights and diameters are called.  FFashions in furnace
lines in these three centuries (from 1645 to 1938) have changed
as often and as radically as the fashions in women’s dresses,
especially in reference to the size and the height of the hosh or
waist line.  These changes were due chiefly to the lack of the
knowledge of the fundamentals of smelting iron ores

In a later section, Theories and Lack of Theories, mention ix
made of the fact that false theories, based on incomplete data,
have been responsible for many queer and uneconomical designs
of blast furnaces. One notable monstrosity was the famous
Ormesby furnace, built in England about 1869, as a trial to lower
the temperature of the waste gases by enormous capacity (41,000
cu. ft.); but it made only 79 tons per day and failed to gain
anything over the other furnaces (see A in Fig. 16)

In Fig. 16 are the lines of five furnaces built at different times
and places.  Three, C, D, and E, had certain proportions con-
ducive to good practice and obtained execllent results compared
with the records of that period. The recorded data of these
furnaces follow:

|
|
|

| [43)
© Tons Iruel ('I”ut;:l Pounds
Ifurnace  Location | Year | Fuel . of pig 'perton’ fuel,
! Leapac- )
, ' | pcrtl'w of pig "ty 24 hrs.
! f
A L"glun(l 11869 ' Coke 79 0 2.205 [ 41,000 171.195
B ‘ ! Marvland 1893 . C'oke 236 1 2,396 | 20,16 565 . 456
C ! Michigan + 1894« Chareoal ©* 73 | 2,060 | 2.300 150,3%0
D i Ohio 1895 ; Coke o207 1,664 ‘ 11,184 344.000
E Ontaro 1905 Coke . 200 2,100 , 6,119, 480,000
E Ontano 1905 ('lmrcozll‘ 124 2,000 I! 6,119i 248,000
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There was something out of balance in all the above furnaces;
C came nearer being right than any of them. Furnace E was
blown too hard when using coke and not enough when using
charcoal; it should have made 200 tons of coke iron on less fuel:
it did make 160 tons of charcoal iron per day when there was
enough charcoal.

In the gradual enlargement of the hearth diameter, there hach
not bheen, until recently, a corresponding increase in the stock
line; this has been due largely in recent years to the faet that
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furnace shells, lasting through several relinings, are not large
enough to allow for the requisite increase in stock-line diameter;
and, moreover, the present forms of bells and hoppers would
not give what is supposed to he the proper distribution of the
stock.

Very few blast furnaces have lines exactly alike, and in the
few cases where this has happened the furnaces do not perform
exactly alike; there seems to be a certain personality about a
blast furnace that persists throughout its lifetime.

As long as there are succeceding generations of blast furnace-
men, and as long as there are changes in the character of iron
ores and fuels, there will be changes in the lines of blast furnaces.
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THE BRICK LINING

The present practice in blast furnace linings is to use 9- and
1313-in. brick made of various mixtures of fire clay, finely
ground, machine presséd, and burned hard at temperatures
higher than those to which the brick will be subjected inside
the blast furnace.  In Figs. 7 and 11 can be seen the methods of
laying the firebrick in different parts of the furnace

The vequirements for firebrick for the different parts of the
furnace vary greatly.  The hearth and bosh brick must he highly
refractory (70 per cent flint clay, 15 per cent ealeine, 15 per eent
plastic) to withstand the high temperatures and the slagging
action of molten slag and iron.  The brick for the hearth bottom
must. be burned at high temperatures so that there will he no
“secondary shrinkage” when the brick are subjected to the high
temperatures of molten pig iron, otherwise the hottom hrick
would “float” and the hearth lining would be ruined  Such
cases have happened.

The firebrick for the lining of the tuyere jacket and of the hosh
must also be highly refractory and tightly laid.  These bricks,
because of very high temperatures, must be held in place and
kept from supporting much weight sinee their strength greatly
diminishes when approaching the softening temperature of the
clay mixture from which the brick were made.  The brick in
this part of the furnace are further protected by water-cooling
devices to be described later.

The inwall brick for lining the shaft of the furnace have to
withstand abrasion, pressure, chemical reactions from the gases
and considerable temperature but not so high as the brick below
the mantel.

The “top™ brick must be the hardest and densest <o as to
withstand the shocks and abrasion of the stoek as it i~ dumped
off the big bell into the furnace A larger pereentage of plastie
(30 per cent plastie, 50 per eent flint, 20 per cent caleine) fire
elay ix used in the top brick which should be hard burned

One of the most necessary requirements for firehrick in a blast
furnace lining is that all the sizes and shapes should be aceurate
with regard to dimensions, espeeially thickness.  This aceuracy
can he obtained by the proper selection, grinding, mixing,
pressing, and burning at the brick plant  Power presses (eleetro-
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hydruulic or toggle) are now generally used; hand molding and
anger presses cause laminations in the brick; grain sizing and
deairing are recent improvements.

The life of a blast furnace lining is usually measured in hun-
dreds of thousands of tons of pig iron made; several records of
over 1,000,000 tons, some over 1,500,000 tons, and a few of
2,000,000 tons have been made

The chemieal analysis of a deaired brick for a blast furnace
lining made from Kentucky fire elays was as follows:

AvERAGE OoF 2 Drrervinarions (A SUT.M. (C-18-21)

Element Per Cent
Sthen 35 41
Alumma 37 09
Tron oxide 18>
Titania 2 18
[ame 0 30
Magnesia 0 63
Alkalies .. 2.29

Total ... 99.75

Pyrometne Cone Equivalent 321,-33 (A.S.' T M (C-21-31)

Subsidence i load test at 1350°C = 1 07 (2462°F ) under 25 1b pressure
per square inch (A ST M. (-16-20) avg

Comparative abrasion test = 0.261 ¢n . per nunute, end cold erushimg
on 9 by 6 by 31n,, per square inch = above 5,723 Ih.  (Courtesy of North
American Refractorres Co., Cleveland, Ohio.)

Cyanonitride of Titanium.-- In the salamander (sce Fig. 12)
of a blast furnace there are often found clusters of beautiful
copper-colored erystals of eyanonitride of titanium, which erro-
neously were believed to be eaused by magnetie iron ores con-
taining titanium.  On finding such erystals in the salamander
of a furnace that had not used magnetite, the author had a
sample analyzed; the result was titanium 12.0 per ecent and
nitrogen 2.0 per cent. There were flecks of the copper-colored
erystals in the vitrified brick shown in Fig. 12.

Roy \. Lindgren gives some excellent illustrations of the
hehavior of firebrick in blast furnace linings in his paper' “ Some
Observations Regarding Refractories for Tron Blast Furnaces ™

The firebrick lining of the bosh of a furnace, and also that
part of the brickwork extending from the top of the hearth

Vans A LMUE, vol, 125,
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jacket to the top of the tuyere coolers, is protected by bronze,
or copper. cooling plates as shown in Figs. 7, 10, and 11, These
bronze bosh plates, cast with a taper on top and on both wdes
20 as to be withdrawn from the furnace wall m case of a leak.
are put in place as the brick are laid.  Sometimes a layver of
“chicken feed™ (a mixture of erushed firchrick and fire clay) is
laid over the bosh plate, and the brick laid flat, but it is hetter
to build arches over each plate with side arch brick as shown in
Fig. 99.

Cold water cireulates through the bosh plate, each plate being
connected so that the feed water goes direetly to the nose of the
plate which is sometimes placed flush with the inside face of the
brickwork, as in Fig. 11, and sometimes set back a few mches,
as i Fig 10.

Although most furnaces have no bronze cooling plates above
the mantel, there are several furnaces that have the Dovel
bronze cooling plates all the way from the mantel to the top
In the case of an inwall that i~ hadly worn, these plates can be
mserted from outside the furnace through holes eut in the <hell
A bosh-plate frame holted to the shell holds the bosh plate in
place.

Stock-line Plates; Sprays; Castings. To protect the top
brick, especially near the stoek line where the stock falling off
the big bell strikes the walls, many designs of cast-iron and east-
steel plates have been used; solid blocks of cast iron, the thick-
ness of one course of brick; angle plates extending back into the
furnace wall and set in conerete; heavy steel proteetion rings, or
“thimbles,”” suspended on rods hanging down from the brackets
that support the big hopper; and, in a few cases, the Dovel top
of solid steel jackets bolted together and with no brickwork
inside.

A few bosh jackets, usually on small blast furnaces, have a
sloping steel plate and a very thin brick lining (9 in or less),
with many water sprays on the outside

The several ways of protecting the inwall and the top are
shown in Fig. 17,

’
TUYERES; TUYERE STOCKS; BUSTLE PIPE

The hot blast enters the furnace from the hot-blast stoves
through hot-blast main bustle pipe, tuyere stoecks, blow pipes,
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and tuyeres as shown in Figs. 18 and 19. The tuyeres and

tuyere coolers are bronze and water cooled; the blow pipes are
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cast iron, sometimes cevered with insulating material; the rest
of the connceetions are lined with firebrick.

Figure 18 shows the essential parts of the tuyere connections
in detail; the cast-steel saddle is riveted to the bustle pipe and
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the goose neck, as the tuyere-stock elbow is called, is bolted to
the saddle. The tuyere stock is adjustable and can be keyed
tightly to the goose neck by means of the wedged keys in the
slotted hangers, and the ball-and-socket turned joint. The blow
pipe has a turned joint at ecach end and fits into the ball-and-
socket joint on the face plate of the tuyere stock. All these
parts arce held tightly in place by the keys at the top of the tuyere
stoek, and the “bridle,” with its heavy double-coil spring, at
the lower end.  The bridle is usually protected by a steel-plate
shield; o plate curved to fit the surface of the bronze tuyere
cooler under the blow pipe is a good protection against being
burned by a rush of slag or iron coming through the blow pipe
during a heavy slip.  All these parts must be strongly built and
accurately fitted in order to prevent any blast leaks.

Number of Tuyeres.—The number of tuyeres is from 8 to 18,
usually an even number according to the number of columns
supporting the mantel.  In the Arthur G. MceKee design in Fig.
19 there are 8 furnace columns and 16 tuyeres. A big-hearth
furnace may have 20 tuyeres. One of the Aliquippa furnaces
has a hearth 28 ft. 6 in. in diameter, 12 columns, and 18 tuyeres.

Although many special designs of tuyeres have been used, the
almost universal shape is shown in Figs. 11 and 18; the length
varies from 9 to 15 in. and the inside diameter of the nose from
4 to 7 in. The shoulder is about 3 in. long and makes a snug
fit with the machined bevel of the tuyere cooler.  In a smoothly
working furnace the tuyeres will wear thin on the nose from
abrasion of the hot coke before they get burned by slugs of
molten iron. The butt of the tuyere is tapped for the feed-
water pipe, which should be at the lowest part of the tuyere,
and for the discharge pipe which should be at the highest point
of the butt. A recent innovation in tuyeres is the angle tuyere
which has the nose turned sideways about 22 deg. with the idea
of having no “dead’’ spaces between the tuyeres.  The theory of
tuyere zones will be treated later.

The function of the bustle pipe is to distribute the hot blast
to each of the tuyeres as evenly as possible.  The bustle pipe is
shown in elevation in Figs. 3, 7, 11, and 18, and in plan in Fig.
19. A method of suspension from the mantel plate is shown in
Fig. 11. The bustle pipe is lined throughout with firebrick,
usually a double course of circle brick. Adequate manholes and
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cleaning holes with bolted covers are provided. Dust from the
stoves may accumulate and obstruet the free passage of the blast
A serious slip in the furnace—a bottom slip—has been known to
force slag all the way back and up into the bustle pipe.

CL Furnace
g  w®E

|8

i o

Jron !

\,,
'CL

=L

< /JHot biast
nle*

Skip bridge side

Frs. 19-—Plan of bustle pipe and tuyere stocks. (Courtesy of Arthu 6.
McKee & Co)

IRON NOTCH

The iron notch of a blast furnace, the hole in the brickwork
through which every cast of iron must flow, is not even a piece
of apparatus, but is one of the essential parts of the iron blast
furnace, and, if it is not properly cared for, the whole operation
of the furnace is interrupted. A cross section of the iron notch
is shown in Figs. 7 and 20; and a front view in Fig. 21 shows the
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The fire clay in the iron notch burns hard for the entire 3 to 5
ft. of the depth of the hole, which is more than the thickness of
the brickwork because the hole is gradually worked down to a
considerahle angle from the horizontal.

Power Drills and Mud Guns.—To open the iron notch when
ready to run a cast of iron, an electric rotary drill is used by the
keeper and his helper. The bit of this drill makes a hole about
3 in. in diameter. When the hole 1~ almost through into the
molten iron, a square tapping bar is driven in with sledges and

Fic. 21.—Front view of iron notch.

pulled out with ring and wedge driven with sledges. Sometimes,
an oxygen lance is used, by releasing oxygen from a regular
oxygen tank through a l¢-in. pipe.

After the cast is over and most of the iron is out of the furnace,
the iron notch is shut tight and filled up with stopping eclay by
means of an electrically operated iron-notch gun, shown in Figs.
22 and 23. Such a gun can be operated by push buttons placed
at the side of the cast house behind a shelter of sheet iron and
fircproof glass. The gun is swung into place and held there by a
powerful motor. No splash plates over the iron trough are
necessary, and no “dogs’’ are now needed to clamp the gun into
place. The modern iron-notech gun is an expensive accessory,
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but it soon pays for itself hecause it is no longer necessary to
slack the blast when shutting the iron notch, thus preventing the
~ettling of the stock atter the cast with its consequent slowing
up of the normal reactions in the smelting of the iron ores; and
there is no interruption of the flow of waste gas out of the top
of the furnace.  As a safety deviee, its great advantages are
obvious.

Fig. 22.—TIron notch shut with electrie gun.  (Courtesy of Edgar E. Broswus, Inc.)

CINDER NOTCH

The cinder noteh (Fig. 20) is for the purpose of removing the
slag at intervals hetween the casts. The slag, or cinder, is
allowed to aceumulate in the hearth until it nearly reaches the
tuyeres and 1~ then diawn off through the cinder noteh located
3 to 4 ft. below the center e of the tuveres (see Fig. 98)  The
cinder noteh is made up of several parts; the bronze monkey,
the bronze intermediate cooler, and the cast-iron, water-coil, ende -
noteh cooler all set m the einder-noteh arch built in the hrickwork
a~ shown m Fig. 20. The separate feed- and di~charge-water
pipes for cach part are not shown. All are held m place hy
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suitable bridles and wedges. The monkey, which is more casily
burned by a flow of molten iron, is quickly removable. It is
kept shut by the monkey “bott,” or stopper, which is an iron
plug on the end of a long handle. The larger furnaces have a
mechanical stopper that throws the bott into place by move-
ment of levers without exposing the keeper to flying drops of
slag and gas flames. A sheet-iron shield is alongside the cinder
“fall,” as the trough or runner is called, so as to protect the men
The inside surface of the cinder-notch cooler is protected with a
mixture of mud and soft coal or coke brecze.

In the event of furnace trouble and cold slag, the monkey
and intermediate are pulled out and slag is run through the big
opening and then stopped up with clay balls.

CAST HOUSE

The cast house of a modern blast furnace, whether a merchant
or a steel-plant furnace, is a rather small affair compared with
the long, covered shelter formerly used to protect the sand pig
bed or the chill bed now fortunately obsolete. The short, steep-
roofed, steel-frame structure shown in Fig. 4 is a typical cast
house. Troughs and spouts for the iron are on once side, and for
the slag on the other side.  This trough and the runners must be
kept warm and dry. The cast house shelters the sand and clay
and tools, and at most furnaces there is enough floor space in the
cast house for a small foundry making a great variety of castings
direet from the molten iron, especially pig molds for the pig
machine.

Runners.—The big iron trough, or casting trough, that fits
close up to the iron notch at the upper end has the dam,
skimmer, and “punch-out” at the lower end. The molten iron
flows through the iron notch into the trough and is separated
from the slag by the dam and skimmer which foree the iron
under the skimmer and over the dam into the runners that carry
the stream of iron to the casting spouts and into the hot-metal
ladles. The slag is skimmed off the top of the iron like cream
and flows off at one side into the slag runners which carry it
either to cinder ladles or into cinder pits just outside the cast
house. These pits are either dry or filled with water for making
granulated slag.
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Skimmer : Slag Pit: Granulating Devices.—The skimmer ix
made of firebrick fastened in a steel frame so as to reach across
the iron trough; the brick are easily replaced when burned away
too much.

Since the blast furnace slag has become a valuable by-produet,
the method of handling at the furnace depends largely on the
use to which it will be put  The dry pits just outside the cast
house are the least expensive method; one pit is being filled up
with hot slag while the cold solid slag is being dug out of the
alternate pit.

Hot slag can be granulated by running it directly into a deep
pit filled with water; often there is a jet of water under the end
of the cinder spout that helps to granulate the slag. Special
granulating spouts are used to prepare the slag for making
cement and the slag can be earried a long distance in sluices.

A new method for granulating slag has recently been installed
at the Thomas blast furnace plant of the Republie Steel Corpo-
ration in Birmingham, Ala., and described by J. M. Hassler in
his paper “Offsetting Increased Labor Cost in Southern Blast
Furnace Operation.”t The slag is taken from the blast furnace
in cinder ladles and poured “‘into a rotating machine which
whips and cools it and breaks up the lumps. A small amount
of water is used at the entrance spout which literally explodes
the molten hot slag.”

The various uses of granulated slag and dry erushed slag will
be described later.

Cinder Ladles : Cinder Dumps.—Cinder ladles of large capacity
and of very strong construction are used to take the molten slag
from the blast furnaces to a central slag dump.  Many types of
ladles have heen used—side dumps, end dumps, brick lined,
cast-iron pots, and cast-steel pots.  The approved types have
standard railroad trucks and air brakes and are dumped by air
pressure applied from the cab of the locomotive.  They are fully
equipped with safety devices as shown in the photograph of a
Pollock cast-steel, ribbed pot, 330-cu. ft. capacity cinder car
(Fig. 25). These ladles, when filled at the furnaces of a steel
plant, are hauled in trains to the cinder dump (see Fig. 24).

The modern einder dump is =cientifically arranged so that the
slag when cold and solidificd will ca~ily break up into the sizes

' Prans A0 WLE | vol 125
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required in the market  This will be discussed in the section on
Blast Furnace Slag in Part V.

Unless greatly restrieted in space, the modern slag dump is
long and fairly level with slag pits on either side of an elevated
track, one side being filled as the other side ix being dug up and
sent 1o the erushing and sereening plant

Slag dumps for a single blast furnace or a group of merchant
furnaces are not cconomical because of switching ecosts and

ladle expense

Fra. 24 -Dry slag pits at lkinsley blast furnaces.  (Courtesy of Birmingham
Slag Co.)

HOT METAL

Ladles. —Hot-metal ladles are unn ersally used in this country,
whether making hot metal tor a steel plant or cold pig for the
market, for conyeving the molten wron from the blast furnace to
the open-hearth furnaces or to the pig-casting machine  Sand
pig beds and “chill” pig beds arve, fortunately, obsolete, and
men are no longer obliged (o hreak hot ivon and earry 1t out of
pig beds.  Only the name—*“pig iron”’ remains; the backbreak-
ing drudgery ix gone forever

The hot-metal ladles ave of two general types: the stationary
ladle mounted on a pouring ~tand m the east house and receiving
the 1ron from the furnace and then pouring it out the other side
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into a runner leading to a pig-casting machine; and the mounted
ladle on railroad trucks that is hauled to the open-hearth furnaces,
Bessemer plant, or to the pig machine

The stationary ladle, with trunnions resting on a pouring
stand similar to those¢ shown in Fig 26, usually has a removable
cover with a hole through which the molten iron pours from the
spout at the end of the east-house runners The ladle 1< tilted
by a hook from an overhead crane. Such an arrangement
climinates the need of o shifting engine.

Fra 25.—Cinder car with cast-steel ribbed po . . of The William
B. Palloch Co)

The ladle shown m Fig. 26 1~ used ako for conveving hot
metal to the steel plant ot to the pig maéhine and s shown in
Fig. 30 where the molten iron i< beme ponred mto the double-
strand pig machine ol the Woodward hron Company ot Wouod-
ward, Ala The ])ig hook ~II~]N'H<]('([ from the overhead crane
can be seen in the background N

Where the casts are very large and the distance to the stecl
plant is ~everal nules, the Pugh nier-type ladle shown m I,
27 i< now used; this particular ludle holds 150 tons and s used to
haul hot metal from the blast furnaces at Hamilton, Oho, to the
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16, 26.-—Seventv-five-ton shott-pour hot-metal eav.  (Cowrtesy of The Willvam
B. Pollock ('o.)

Fra. 27.—1lot-metal ladie w1 fong distance.  (Courtesy of The American Rolling
Ml Co.)
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open-heanth plant of The American Rolling Mill Company at
Middletown, a distance of 11 miles.  The motor for tilting the
ladle for pouring is mounted on the 16-wheel ladle car.

The ladles are hauled over standard gage railroad trachks and
bridges of heavy constraction and with special safety guards.

Hot-metal ladles are lined with firebrick, as indicated in Fig.
28!, or with silica “firestone,” a natural silica rock quarried by
The Cleveland Quarrics Company (Ohio), as shown in Fig. 29,

PIG-CASTING MACHINES
The pig-casting machine, now universally used for molding
merchant pig iron and for taking care of the cold pig at the

BLAST FURNACE |IRON LADLE
(Ladle Car) -
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Fia. 29.-- Firestone hmimg for hot-metal ladles  (Cowrtesy of The Cicedand
Quarries (o)

steel plant, s an endless eham of cast-iron molds mounted on
small wheels travehng upward on an inelined track to the dis-
charge end where the pigs, which hayve solidified on the way up,
are dropped into a rahoad ear  The rate of pouring and the
speed of the pig machine ean be so simultancously regulated by
the “pourer” from his protected pouring stand that the molds
are filled evenly to the desired size of pigs.

\lthough the iron is skimmed at the blast furnace it is necessary
to shnm 1t agaan at the pig machine, as shown in Fig. 30, so as to
remove any hsh, <lag, or scurf that may have gathered on the
surface of the metal in the ladle during transit.

VTrans. AL M E | vol 113, p 39, 1934,
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Francis Crockard, in lns paper © Progress in Southers Blast
Furnace Practice’’! deseribes the method of **double sknumime ™,
he also shows how the molten iron is gradually cooled by water

Fig. 30.—Hot-metal ladle pomrmg at pg machme.  (Courtesy of Woodward
Tron Co.)
sprays on the bottom side of the molds (Fig. 31) so as o “ohve
the pigs time to deposit graphite and form the usual fracture v
The pigs weigh from 40 to 80 1., according to the requre-
ments of the consumers; the usual shape i scenin Ifig 1.

l" *
Sprayed water-"  Water manfold
8 DY

Fig. 3l.—Water-spray cooling mold on pg machme. (T'rans. AIM.E.,
col 120, Crochard )

To protect the heavy east-iron molds from being cut by the
molten iron and to prevent the pigs from sticking at the dehivery
end, it is necessary to give them a coating or a “wash” that

! Trans. A.I.M.E., vol. 120,
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will be dried by the heat of the molds. At the Alabama mer-
chant furnaces a mixture of half lime and half pulverized coal
is blown on with an air-jet aspirator. In the Chicago District a
coating of burnt dolomite wash, called ““ Mag-li-kote”’ is applied
as shown in Fig. 32; the results are very satisfactory.

,2 ,o/pe /tne for aur or
! Steom For atomizin,

Pig casting A2 A n -
e S \Molds | mold coating solvtion

/

! (Pressure gage

N | 2 N —\? v
NS

Place stearn Clean o Special mold =
line in this fank o heat oo s E"’j’/ furnished
wa/er fbrpropeu/akmg y Moores Lime (o
Return “Vartve to control =
ﬂ ‘5/;7’ cking | “pipe--- Ff/ow of mold
i ank coating solution
Vatve o spray | LJE
/" Ppe line from ]
Place steamorair | Sfora e pump fospray
Ime inthis tank to .- 7‘.. for, -
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closing down

F16. 32.—Arrangement for applying Mag-li-kote on pig machine. (Courtesy of
The Moores Lime Co.)

DOWNCOMER AND GAS MAINS

The waste gases rushing off the top of the stock inside the
blast furnace arc prevented from escaping into the air by the
double bLell and hopper arrangements, and are passed upward
through the uptakes (four separate, as in Ifigs. 4 and 9, or two
double uptakes, as i Thgs 13 and 33) which then deliver to one
or more downcomers and thenee into the primary dusteatcher
at a tangent so as to give a ~withng motion as shown in Iig. 9.
The dry primary dusteateher takes out most of the coarser flue
dust, and the pieces of coke and coke breeze earried over by the
veloanty of the large volume of gas A Twither dry eleamng of
the blast furnace gas is done m “dry whilers™ which remove
much of the fine dust, but even this extra cleaning is not satis-
factory for two reasons; first, there is still too mueh fine tlue
dust left in the gas and, sccond, there is too much moisture.
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Wet gas, like some wet iron ores, must be washed with cold
water in order to reduce the moisture

Gas Washers.—In a report! on gas cleaning and stove equip-
ment, A. J. Boynton xaid, in part:

Any system of gas cleaning whiel tails to reduce the temperature of the
gas to the lowest possible point fails to accomplish its purpose com-

=

Fie. 33 —Single downcomer and off-tukes  (Coustosy of Arthur G Mohoo & Co)

pletely and results ina elean gas whielo~ completely unsuited for certam
technical requirements, while under all conditions 1t i< less desiable
than a gas more thoroughly cooled  Until very recently, electie
precipitation has been apphed to uncooled eases. .. . Up to the present

LéGas Cleamng and Stove hquipment,” report to the 1,000-ton Blast
Furnace Committee of the Blast Furnace and Coke Association of the
Chicago District, Apnl, 1930.
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time, therefore, the wet washing system may be considered as the most
reliable and the cheapest.

The plan for the cleaning of blast furnace gas finally approved
consisted of a primary dusteateher which delivers the flue dust
direct into railroad cars; a pair of secondary dry centrifugal dust
(vortex) collectors; a cooling and serubbing tower (wet washer);
and a group of disintegrators. It was estimated that the require-
ments would be 5 gal. of water and 8 hp. per 1,000 cu. ft. of gas
per minute, or .0994 kw.-hr. per 1,000 cu. ft. of gas washed to a
sufficient degree of cleanliness for use in hot-blast stoves.  Figure
4 shows a tower washer; Fig. 9, a Mullen washer.

Cottrell Electric Precipitator.—The first Cottrell electric pre-
cipitator the author ever saw was at a Dunbar, Pa., furnace
shortly after the World War; the fact that men were sledging
fused flue dust out of the combustion chambers of the stoves
proved that the precipitator was not functioning properly.
Later, it was found that no gas cleaning system gets good results
until the temperature is reduced to the lowest possible point.
In 1935 Boynton and Kinney said in their paper,! ¢ Notes on the
Development of the Iron Blast Furnace,” that

. . . the chief difference between the furnace plant as conceived today
and that of 1930 is the substitution of the Cottrell precipitator for the
methods previously in use. . . . Since that time the development of a
thoroughly practical tube-type precipitator has been accomplished,
largely by experiments and development work at the South Works of
the Illinois Steel Co. [now the Carnegie-1llinois Steel Corp.]. . . . It
has, in addition to the advantages of low cost of operation, including
low power consumption and low water consumption, three decided
advantages over other forms of washers . . . ability to handle a
primary washed gas containing considerable quantities of dust, . . .
second, low drop in pressure, . . . third, the gas as cleaned is clear of
entrained water.

“The wet electric precipitator will clean primary washed gas to 0.01
grain per cu. ft. or less.”  (Harlan.)

Gas Mains.—The gas mains for conveying the blast furnace
gas from the dusteatchers to gas washers and other cleaning
devices are of ample diameter and strength to carry the gas
without leakage. Sometimes, to protect the elbows and turns
against abrasion by the hot dusty gas, there will be some sort

L A.I.M.E., Tech. Paper, 652.
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of armor plate inside the gas mains (as shown m Fig. 4 just to
the left of the closed goggle valve).

Gas Seal.—In order to shut off completely the gas from the
blast furnace between the primary dusteatcher and the other
parts of the gas system, or from the gas connections of another
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Fi1c. 34.—Cottrell divided precipitator  (Courtesy of Rescarch Corporalron )

furnace, it is necessary to have some sort of a gas seal.  This
may be a U pipe, filled with water up both sides far enough to
more than balance any gas pressure that might come from the
furnace.

Gas Valves.-——Gas valves in the gas mains are of several
different types, including the goggle valve (seen in Fig. 4), the
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gate valves, and the mushroom valve. Some of the latest valves
have devices to prevent the accumulation of flue dust in the
grooves, and are actuated by gears.

l'lG. SO AUTOMATIC IMOTOT (1IN eI fromrie NV iy VO OdrieSy o) naygar gu.
Brostus, Inc.)

COOLING-WATER SYSTEM

Several million gallons of water per 24 hr. are required for
circulation through the many cooling bronzes of a modern blast
furnace—the bosh plates; the tuyeres and tuyere coolers, monkey
and coolers, and the pipe coils in hearth jackets. This water
must be clean, and should be soft, or there will be too much lime
scale formed in the pipes and in the bronzes. Somctimes the
water supply carries so much lime that it is necessary to put in
a water-~oftening plant, such as the Seaife system for boiler
water. In such cases, it is necessary to reeirculate the water
through ~ome =ort of a cooling pond and cool the water cither
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by cooling racks or by sprays. Racks cost less and cool the
water without much loss by mist. The make-up water is only
a very small part of the total water circulated.

In all cases care should bhe taken that the vapors,and mists
from the spray ponds do not enter the intakes of the blowing
engines.

BELLS AND HOPPERS

In Fig. 3 is shown the conventional double-bell and hopper
arrangement of the closed-top furnace of today, a device whereby
the ore, coke, and limestone can be lowered into the furnace
every few minutes without letting the waste gases escape into
the air. The raw materials are dumped into the little hopper,
which is rotated so as to give the proper distribution; the little
bell is lowered while the big bell remains closed.  When the big,
hopper is filled, the big bell is lowered while the little bell remains
closed.

The big bell in Fig. 3 has a diameter of 14 ft. 8 in., and the
stock-line diameter is 20 ft.; this leaves a distance of 32 in.
between the lip of the bell and the walls of the furnace all
around. This is a large bell, and it is questionable if the same
type of bell can be used if the stock-line diameters should be
much increased. The immense size of the bell-operating rigging
for such a big bell can be seen in Fig. 36 which was welded for a
1,000-ton furnace. Various devices for annular bells in two
sections have been tried at intervals from the days of the anthra-
cite furnaces in the Lehigh Valley. The author used one in
Tennessce long ago, where most of the furnace troubles would
have disappeared with proper preparation of the raw materials
and an ordinary bell.

HOT-BLAST STOVES

The blast for a modern blast furnace, in volume up to 86,000
cu. ft. per minute, is heated in regenerative hot-blast stoves
made of firebrick checkerwork incased in steel shells 20 to 25 ft.
in diameter and 80 to 100 ft., or more, high.

In the search for lower costs and higher efficiencies all operators are
adopting stoves that will maintain maximumn hot-blast temperatures
with a minimum gas consumption. To meet these requirements, stove
capacity of approximately 7 sq. ft. of heating surface and 1.8 cu. ft. of
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brick volume is required per cubie foot of wind blown per minute.
Two types of stoves meet these specifications, one mamtains a small
checker opening of untform cros< section throughout the stove and the
other uses a graduated checker opening from the top to the bottom of the
stove  The larger open area is m the top of the stove, the area decreas-

me 1 zones to the bottom. Ilach type has its advantages and its

Fig. 36.—Welded bell-operating rigging for 1,000-ton huinace. (Courtesy of
The William B. Pollocl: Co.)

disadvantages. The stoves having uniform checker openings are per-
haps of stronger construction, but those having graduated checker
openings give a more efficient heat transfer.!

Figure 5, from Harlan’s paper, shows cross sections of o modern
stove; Figs. 4, 9, 13, and 33 show the exteriors of various types

i From B. J. Harlan’s paper, ¢ Recent Trends in Blast Furnace Operation
and Design,” Trans. A.[.M.E , vol. 113, 1934.
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of stoves. In Fig. 37 i~ seen the cross section of checkers of
straight brick with a very practical method of laying the ring
wall in a side-combustion stove; there is a 415-in. wall of insu-
lating brick next to the shell.!

Gas Burners.—The hot-blast stoves require about 20 per cent
of the total blast furnace gas, and the more efficiently this gas
is burned the higher the blast temperature obtained. Gas for
the stoves should be eleaned to 0.02 grain of dust per cubie foot,
and as much of the meisture as is possible should be removed.
The Steinbart pressure burner is much used; it provides a foreed
draft of air in the right proportion for the burning of the gas.

Hot-blast Valves.—The cold blast from the blowing engines
flows through the checkerwork of the hot-blast stove in the
reverse direction of the passage of the hot gases which heated
the checkers. The stoves are connected to the cold-blast main
on one side and to the hot-blast main on the other  The hot-
blast valve, which is closed while the stove is “on gas” and
open while the stove is ‘““on the furnace,” is a water-cooled
mushroom valyve accurately machined so as to fit into the
bronze hot-blast valve scat which is also water cooled.

Chimney Valves.—The chimney valve (or valves) is at the
back of the stove and connects the back of the stove with the
waste-gas main when the stove is on gas, except in the case of
the Massicks and Crooke type of stove shown in Fig. 9, which
has an individual stack for the waste gases, and the cold
blast enters the top of the stove at the same place that the
products of combustion enter the bottom of the stove stack.
Some stoves have individual draft stacks with the chimney valve
at the bottom of the stoves. '

Equalizer.—At some furnaces there is an ‘“equalizer’”’ between
the hot-blast stoves and the blast furnace through which the hot
blast passes so that it stores up heat and prevents the too rapid
cooling of the blast. It is like a hot-blast stove without a
combustion chamber.

Cold-air Mixer.—In order to maintain ‘““straight-line heat”
at some certain temperature, say 1450°F., on a blast furnace, it
is necessary to have a source of heat greater than the 1450°F.
and a source of heat less than the 1450°F. Sometimes this can
be accomplished by blowing through two stoves at a time and

! BoynTON, A. J. and S. P. KINNEY: A /.M. E., Tech. Paper 652.
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Couitesy of Freyn Engineering Co.

39.—Chimney valve, gas flue located above st (Courtesy o
Freyn Engincering Co.)
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regulating the valves of each until the cold stove and the hot
stove can no longer maintain the desired temperature; then
another hot stove is put on the furnace.

The usual way is to have a connection from the cold-blast
main to the far end of the hot-blast main, with a gate valve or a
butterfly valve, through which just enough cold air is allowed to
flow so that the mixture of cold air and the hot blast from the
stove will give the desired temperature of the blast entering the
furnace. This “cold gate’ may be operated by hand or may be
automatically controlled by a thermostat.

Pyrometers.—The temperature of the blast is indicated and
recorded by thermocouple electric pyrometers placed near the
furnace in the pyrometer house or at a distance in the blower’s
office. The records are taken off each morning at the same hour
and sent to the superintendent’s office for observation and filing.

Checker Brick.—Bcfore the general practice of cold and clean
gas for hot-blast stoves much flue dust was carried over into the
stoves and was either fused in the combustion chamber or clogged
on the top courses of the checker brick which formed the
vertical flues with arcas 6 to 9 in. square. With gas cleaner than
most of the air we breathe, these checkers have been greatly
reduced in area and increased in number.  Research has brought
out the fact that checker brick should be as dense as hard burning
and fine grinding can make them, so as tu take in and give out
as much heat as can be stored up while the stove is on gas.

All checker brick are machine pressed, true to dimensions, and
hard burned. Many checker brick arc made from deaired clay.
The brick manufacturers have cooperated with the blast furnace-
men in attaining the right kind of brick for the checkers of the
modern hot-blast stove with its ever-increasing blast temperatures.

As to the shapes of checker brick, there are numerous designs
which not only give much heating surface, but also considerable
thickness of walls for heat storage and stability of construction.
Intricate dies and electrohydraulic brick presses make it possible
to press brick with as many as 19 vertical holes of small diameter
in a sturdy hexagon checker.

Recording Instruments.—The recording instruments at a
modern blast furnace are now so numerous that a permanent
record is continuously made of pressures, temperatures, revo-
lutions, weights. The clocks of these instruments must be
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regularly wound and cared for and the fresh eharts put on daily
in place of the previous 24 hours” record. .\ partial list of thec
daily records is as follows:

PrEssuUREs

Blast pressure at blowing engmes
Blast pressure at furnace

Steam pressure at boilers

Steam pressure at blowing engines
Water pressure at pumps

Water pressure at furnace

Gas pressure at top of furnace
Gas pressure at gas washer

TEMPER\LTURES

Hot-blast temperature entering the bustle pipe
Hot-blast temperature at each stove

Top-gas temperature at downcomer

Waste-gas temperature at chimney valves of stoves
Hot-water temperature at boilers

Outdoor temperature at intake of blowing engines

MISCELLANEOUS

Number of charges put into furnace
Number of revolutions of blowing engines
Number of tumes big bell lowered

Number of feet down-top of stock in furnace

SINTER PLANT

The sintering process was first introduced into blast furnace
practice in order to utilize the large amounts of flue dust blown
out of the furnaces, especially when smelting Mesabi ores, and
at a time when there was considerable fine coke and coke hreeze
in the flue dust. It was a cheap way to get a {airly rich iron-
bearing by-product, and its use m the furnace helped to reduce
the amount of flue dust made.

Three types of sinter plants were ereeted in this country, the
Dwight-Lloyd, the Greenawalt, and the Plock, all based on the
principle of down-draft suction, ignition on the top of & mixture
of flue dust, and fine iron pyrites cinder (““Blue Billy”” or purple
ore).

The Dwight-Lloyd sintering machine is a continuous traveling
grate (similar to a Coxe traveling stoker) passing over suction
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“wind boxes” at such a speed that all the carbon in the mixture
is burned out by the time cach scction of the grates (called
“pallets’) reaches the dumping end of the machine where the
cake of sinter is dumped into a railroad car or into the stock pile.
A side view of the Dwight-Lloyd sintering plant! of the Republic
Steel Corp., Thomas, Ala., is shown in Fig. 40. This plant is
described by J. M. Hassler in his paper?, from which Fig. 41 has
been taken; this shows the general arrangement of the sinter
plant, which has 98 pallets, 72 in. wide, and “a capacity of 60

F1a. 40.—Sintering plant ot Kepublic Steel Corp., L'homas, Ala. (Courtesy oy
Republic Steel Corp.)

tons of sinter per hour when operated at a speed of 112 in. per

minute.”  This plant sinters red ore, fines, and flue dust.

The Greenawalt sintering plant, like the other two systems,
was first used at blast furnace plants tor simtering the flue dust,
but now it is being used primarily at the iron-ore mines for
sintering the fines produced in the beneficiation of iron ores, such
as fine grinding and magnetic concentration, crushing and sizing
or the sintering of pyrites fines after the sulphur has been burned
off (at a new iron plant in Italy, the iron comes from a pyrites
deposit).

1 CurraN, W. E., “Trend of the Southern Pig-non Busimess,” Traws
Ad M E., vol 131,

2 “Offsetting Inereased Labor Cost m Southern Blast-furnace Operation,”
Trans. A.1 M E |, vol 125, 1937,
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The Greenawalt pan is mounted on trunnions through which
there is a strong suction (up to 50 in., water gauge); the pans,
when in upright position are filled level full with the mixture of
ore and fuel (either flue dust or fine coke breeze), and ignited on
top with ga~ or fuel oil by means of an ignition hood which is
moved mto position over the pan.  The pan is 30 by 10 ft. and
7 to 17 in. deep according to the character of the ores to be
sintered.  Where the ore is exceedingly fine, ax in some magnetic

F1a. 42.-—Greenawalt sintering pan, 25 by 10 it. (Courtesy of John E.
Greenawalt.)

concentrates, the depth of bed ix less, but the pan is dumped
oftener. It takes about 1 min. to sinter each inch of material
in the pan.

The Plock system of sintering was a cross between the Dwight-
Lloyd and the Greenawalt. The train of pans on wheels passed
over a wind box and were dumped on a tipple, and then trans-
ferred to a return track and pulled to the chaiging end of the
plant when another transfer started the cars under the loading
chutes and forward under the natural gas ignition hood and over
the wind box. The author knows of only two Plock plants ever
built; one of these was scrapped soon after the World War.
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POWER PLANT

The power required to operate a modern blast furnace plant
~—for blowing engines, pumps, clectric power, hoisting, shops,
lighting, pig machine, sinter plant, cte.—can all be supplied
from the waste gas out of the top of the furnace, besides the gas
required for the hot-blast stoves (20 to 22 per cent), and besides
furnishing gas for other purposes. But, at integrated steel
plants! it has been found that clean blast furnace gas (cleaned
to 0.015 grain per cubic feet) has a greater value in underfiring
coke ovens and in soaking pits and reheating furnaces than
when used as boiler fuel to raise steam. Therefore, the boiler
plant is equipped to use either blast furnace gas or powdered coal.

In the power plant rccommended by the Committee on the
1,000-ton Furnace, the boilers operate at 650 1b. pressure and
750°F. total temperature; a cross section of this plant is shown
in Fig. 44.

Steam Lines.—Stcam lines to carry such high pressures and
temperatures must be provided with adequate supports, expan-
sion joints, and insulation covering,.

Pumps.—Owing to large capacity and small space require-
ments, centrifugal pumps are largely used for the water supply
at blast furnaces. ‘

Blowing Engines.—At the present time there are four types of
blowing engines in use at the blast furnace plants in this country:
(1) the vertical reciprocating steam engine; (2) the horizontal
reciprocating steam engine; (3) the blast furnace gas blowing
engine; (4) and the turboblower, which has been found to be the
most economical. A good steam-reciprocating blowing engine
will last many years and there are still many in use, but new
installations are turboblowers.

The air intakes for air going to the air eylinders, or “blowing
tubs,” should be located outside the engine house where the
atmospheric air is the coolest, dryest, and cleanest; air from
inside the engine house is too hot and humid to be blown into a
blast furnace, but the author saw such installations in this
year, 1938.

1 An itegrated steel plant includes byv-produet coke ovens, blast furnaces,
steel furnaces, and rolling mills.
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BLAST FURNACE CAPACITY

The capacity of a blast furnace measured in tons of pig iron
per 24 hr. depends upon the richness of the iron-ore mixture
and the number of pounds of coke required per ton of pig iron.
The rule for calculating the eapacity of a blast furnace of given
dimensions, now gencrally accepted, is that adopted by the
Southern Ohio Pig Iron & Coke Association in October, 1920,
after two years of work by a special committee.  The rule is as
follows:

Regardless of grade of pig iron produced blast furnaces ol modern
construction should burn about the same amount of fuel daly under
same operating conditions. TFor cach grade of pig iron the tonnage
which can be produced will depend upon the quality of fuel used, yield
of ore mixture and blast temperature. The tonnage of coke which can
be burned in a unit of time has a certain ratio to the working volume
of the furnace.

From figures prepared on a number of different size furnaces, it has
been found that with good practice 60 pounds of coke can be burnt
each 24 hours per cubic foot working volume. The working volume is
taken as volume from center line of tuyeres to two feet below bell when
closed.

Therefore, the capacity of a blast furnace must be expressed in terms
of pounds of coke which can be burned per day.  And in order to cover
variations which exist from time to time in operation, it is neeessary to
adopt a base coke, a base theoretical yield ore mixture and a base
hot blast temperature and then make allowances for variations as
encountered

The analysis of the “base” coke referred to is as follows.

Per Cent

Tixed carbon . 89

Sulphur 1 (maxnmum)
Ash 910 10
Volatile 1to 2

The structure of the coke is tough, but not dense or fragile,
and free from breeze.



PART II
RAW MATERIALS

NATURAL IRON-ORE MINERALS

Iron ores arc usually classified by blast furnacemen mineral-
ogically or geographically, such as magnetites, hematites, limo-
nites, cte., or as Adirondack ores, Lake Superior ores, and
Southern ores. It would be helpful to the blast furnace operator
and to the student to consider the merchantable iron ores from
the geologico-geographical standpoint, as was done by Prof. J. P
Leslie in his “Iron Manufacturer’s Guide,” 1859, and by John
C. Smock in his paper on the ‘““Geologico-Geographical Dis-
tribution of the Iron Ores of the Eastern United States.’”!

It is seldom, if ever, that iron ores occeur as pure iron minerals;
but they are either chemical or physical combinations with other
minerals which form the gangue of the iron ore. The compo-
sition and amount of the ganguc have direct influences on the
value of the iron ore. Often there are several forms of iron
minerals in the same ore, due to the varying degrees of oxidation
or of hydration of the iron, or due to the weathering of bedded
deposits of primary iron ores.  Geologists tell us that iron ores
are continually being formed and transformed by the action of

; Fe con- \[

Name ! Classification i Formula Ctent, <, Sp. gr
| e O S ,,Vl__ R
Hematite Oxude (hexagonal) ' Fe,Oy 70 0 49105 3
Magnetite Magnetic oxide ; FeyQy 72 4 | 4 9to5 2
Martite Oxide (octahedrons) ' Fe,Q, 700 '49t05 3
Limonite Hydroxide ;2}“030.;.31{20 59 8 i 36to1 0
"Turgite Hydronide 2F¢,0,.H,0 66 2 { $1 3to4 7
Cioethite . | Hydroxide ' F:0,.H.O 629 |10tod 4
Siderite .. . | Carbonate iFCCO.; 48 2 ! 3 8to3 9

! Trans. A.J.M.E., vol. 12, p. 130, 1883-1884.
66
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water, air, and carbon dioxide. In less than a generation a
“fossil”’ iron ore may be changed to a hematite.

The iron minerals occurring as merchantable iron ores are as
shown in the table at the bottom of page 66.

There are other natural iron minerals in which the iron is
combined with sulphur or with other metals, to such an extent
that they are removed separately, as in the case of the sulphur
in the sulphides and the zine in Franklinite, or else used for alloy
steel making as in the case of chromite. The more important
of these iron-bearing minerals are as follows:

CoMBINED TRON OREs

| .
Name Classification’ Formula ‘}:‘(;:-m’b Sp. gr.
, o
Franklimite Oxides (Fe,Zn,Mn)(Fe,Mn)O,, 21 0 51
llmenite Oxides (Fe'lh) 0, Variable |4 5to35 0
Chromite Oxides FeCrO, Variable + 3
Wolframite Oxides (FeO.MnO)WO, Variable 73
Pyrite. ... |Sulphide FeS, 167 49tos 2
Pyrrhotste. . | Sulphide FeoS: Variable 4 5to ¢ 6
Chalcopvrite | Copper-iron | CulesS, 30 4 l 43
sulphide |
Muareasite Sulphide  FesS, 46 7 i4 6to 4.9

There is also another class of iron ores which are not now
used in this country, although they once were the main source of
supply for the carly charcoal-iron and the raw-coal blast furnaces
in many scetions of the United States.  In Kngland, they have
been used for many years, and recently have become the main
supply of steel plants on a very large scale.  These iron ores are
as follows:

Impunrg (CARBONATES

Blackband —formerly smelted in the Mahonimg and Hocking Valievs of
Ohio; practically exhausted

Clay ironstone—a carbonate non ore mixed with elav, abundant m
Fngland

(leveland ronstone—contains about 33 per cent tron and 0.75 per cent
phosphorus (England).

The usual impurities; or gangue, occeurring with the natural
iron ores are silica in various forms of free silica, quartz, chert
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and silicates; clay; taconite; sulphur as sulphides and sulphates;
phosphorus, as apatite; sometimes zine, as carbonate or sulphide;
seldom, barium, as sulphate; frequently, lime and magnesia, as
carbonates which are beneficial as fluxes, these two carbonates
(caleite predominating) forming a fifth to a third of the famous
red ores of Alabama.

The general location of the iron ores of the United States is
shown in Fig. 45.

LAKE SUPERIOR IRON ORES

The iron ores of the Lake Superior region, that part of Minne-
sota, Michigan, Wisconsin, and the provinee of Ontario bordering
on Lake Superior and comprising around 181,000 square miles,
supply about 85 per cent of all the ores smelted in the United
States and about half in the Dominion of Canada. The pre-
dominance of Lake Superior iron ores was coineident with the
passing of the anthracite blast furnaces of the Kastern states,
which had depended largely on the magnetites and other local
and imported ores.  Most of the present day American blast
furnace practice has been built up around the smelting of Lake
Superior ores using by-product coke as the fuel.

Lake Superior iron ores arc separated into Bessemer and
non-Bessemer ores according to the phosphorus coutent; and
further classified according to the range in which they are found.
According to the Derectory (July, 1935) of The Lake Superior
Iron Ore Association, these ranges and the dates of first ship-
ments are as follows:!

Range Location Began shipments
Marquette. Michigan, Northern Peminsular Previous to 1854
Menominee Michigan (mostly) and Wisconsin i 1877
Gogebie. . i Michigan and Wisconsin | 1884
Vermilion ‘ Minnesota (northwest) | 1884
Mesaba . Minnesota (northeast) l 1892
Mayville Wisconsin (southeast) 5 1892
Baraboo .. ! Wisconsin (south central) . 1904
Michipicoten ! Northern Ontario 1 1900
Moose Mountam ' Sudbury Distuiet, Ontario 1 1908
Cuyuna...... . Minnesota (cast central) ; 1911

1 (See Fig. 46.)



(=23
o

RAW MATERIALS

mpsuy oy

DUD UOL] UDILLIWY [0 heapinoy))

(2861

'§31T} pauf) 3Y) Jo A)eded UoI-Fid PUs [P0I ‘S0 UOIY JO UOLILIO] [BIBUI)—'GF DIy

000°009'L- 0000001 @

d
SHIOCIR 1Py 000000 1-000'00§ ©
s+150d2k 240 WAL NN 000'006 - 000051 ©
00000021-000'005'L @ 000081 oL O
1AL 434 SUO] $S019-NOYI 9ld
d aN3937

%,OSC
P4 p

23

PR




BLAST FURNACE PRACTICE

70

(U] ‘Avaangy p |paod) fo hsopno,))

SpOd 0BT PUB SIFUBL 10 JO UGI}BIO] Juwmoys dely - "9p "DL]

\ T oo 1 vNviaNT ] \
e, ; : o0 ‘pup|analy
\vv / Ay, @0(00 2 \woo&. %, | \A._Uo\w 77 "Bpig aukog-Adiad Loy
R S P 7 77 % oBooyy AVAINIW R TTIMOY)
2, &b.\\w\nr D .t - Q N S130d IAY T 3IMOT ANV d3ddn
s ot / © > Yg10 V 40 ANV
! , A < S3ONVY 330
" @ 40 NOILVIO1 ONIMOHS d VW
3 NOM|IN
W wonsgsia - 1oes1a —
[ 375MAVIW  008VYS - b
A <
@A\ , e ¥
R NG
Qad
A N~ o
o] \ e
N} N /! N o
Bt / ) \
N -
A0 Al ,
\X S s w
o =3 - %m_m 2 @\Ww\,v@%m o
0 . IS 2
00 e g0V A g s%»: 7
&4\\\// TWELL)- I 0
=] 0 % N2
Cei®s> < z
L1510 5 at 2 Bis
1 300m S VRPN -
L=, .}-/I—J
U240 dIYDIA & o \
JONVY 7 TP Mo s
NFLOIISIHIN \ i7" WOHIM 4404 )




BLAST FURNACE PRACTICI

Until the discovery of, and shipments from, the Mesahi
Range in ¥892, all the Lake Superior ore was ““old range™ ore
from Michigan, Wisconsin and Minnesota, and chiclly f1om
underground mines with costs that prevented serious compen-
tion with the iron ores smelted in the Eastern bla~t furnaces,
With the rapid increase of production of the rich open-cut “soft”
ore from the Mesaba range—614,000 tons in 1893 and 6,614,000 in
1899—and with the remarkable decrease in prices of Bessemer
and non-Bessemer ores delivered at lower Lake Erie ports down
to as low as $2.15 and $1.90 per ton (the lowest prices {for Lake

Fic. 47.—Unloading ore hoat at Gary Works -12,300 tons in four hours
(Courtesy of Carnegie-Illinots Stect Corp.)

Superior ores ever reached) respectively, there was a gradual
abandonment of the hard ores of New York, New Jersey, and
castern Pennsylvania, and a corresponding shifting of the center
of iron and stecl production towards western Pennsylvania and
the Great Lakes.

Blast furnace practice and blast furnace construction had to
be revised in this country to meet the requirements of the soft
and casily smelted ores of the Mesabi range; vast transportation
systems of railroads, loading docks, huge ore boats, and rapid
unloading docks (sce Fig. 47), were built up to handle a whole
year’s supply of iron ore in the 7 months of the ore scason.
Naturally, the richest and cheapest ores were used first, with
consequences that will be described later (see Fig. 48).
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The Lake Superior ores include all the different ores in the
older geological formations of the North American continent,
but the hematites predominate. Some of the hematites are
very hard and dense, in color, red and blue and black; some
hematites and the limonites are soft ores; the magnetites are
mostly so low in iron that they have to be crushed fine and
magnetically concentrated.
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Fii. 48.—Decrease in average iron contents of Lake Superior iron ores.

=

The commercial classification' of Lake Superior iron ores
is as follows:

Bessemer—-Old - Range,

Mesaba . P, 0.045 75 or less, dry; Fe, 51.50 %,
Low phosphorus . P low enough to make 0.033 % phosphorus m pig
High phosphorus . Ores containing over 0.180 %, P
Manganiferous . . . Ores containing over 2¢, Mn
Silicious . Ores containing 18 to 20 ¢, S10,, or more

1 “The Tron Ores of Lake Superior,” 7th ed., 1930, Crowell & Murrav, Inc.
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The total recorded shipments of Lake Superior ores up to
date amount to nearly a billion and three quarters gross tons
(1,725,168,731 tons up to Dee. 31, 1937), and the known tonnage
remaining is roughly estimated to be about the same amount;
in other words, about half the known Lake Superior deposit
has been consumed in the past 85 years. The extent and quality
of these ore reserves will be further discussed in later chapters.

Some of the Lake Superior ore mines have produced enormous
tonnages, especially in the Mesaba region where at least fourteen
mines have shipped a total of more than ten million tons each.
The Hull-Rust mine, in St. Louis County, Minn, has shipped
over 100,000,000 tons of ore since it was opened in 1896; the
record tonnage was 8,823,879 tons in 1923. In the Gogebic,
Menominee, and Marquette Ranges only a few mines have
produced more than 1,000,000 tons per year, but they have been
shipping for many years.

With the movement ot such large tonnages of a basie raw
material (frequently over 50,000,000 tons in a season) there has
been developed gradually a system of sampling and analyzing
that is fair to all concerned, and is the basis of payment for all
the Lake Superior ores shipped. The ores are sampled at the
mines from the ore in place and then each ecarload ix sampled
before it goes to the loading dock at upper lake ports. The
separate carloads are then assigned to numbered orebins in <uch
a way that the whole cargo in the ore vessel is comparatively
homogeneous.

Usually the ore is sampled again as it is heing unloaded at
lower lake ports; this is done by the Lake Erie chemists aceording
to specitications adopted by The Lake Superior Iron Ore Associa-
tion and other groups of technical men and approved by the
shippers and users of Lake ores. The methods of pricing the
ores will be explained in a later chapter.

EASTERN MAGNETITES AND CLINTON ORE

There has always been in this country a strong prejudice
against magnetic iron ores, founded half on facts and half on
ignorance; it was a fact that big lumps of magnetite would chill
the furnace hearth unless the furnace were blown very slowly;
it was a fact that fine magnetic coneentrates would ““run ahead”
of the rest of the ores and chill the furnace hearth. On the other
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hand, the laws of reduction of lumps of iron ore within the blast
furnace were not known, nor had the process of sintering fine
concentrates been established. Although some authorities say
that the magnetites are harder to reduce than the hematites, no
one has satisfactorily explained why, if that is true, it is a fact
that the hematite ores in the top of a blast furnace are first
reduced to the magnetic oxide, whereas the magnetites are
already reduced to the magnetic oxide when charged into the
furnace.

The reason that so many blast furnacemen in the past had
difficulties in smelting magnetic iron ores was that the ores were
not properly prepared. The richness of the commercial sintered
concentrates not only reduces the freight paid per ton of iron,
but increases the pig-iron production per furnace, decrecases the
coke consumption, and by ‘“‘the cumulative effect of a good
thing,” decreases the cost of a ton of pig iron.

The early practice in the smelting of magnetic iron ores was
to put lumps as big as one man could lift into the furnace—big
lumps of limestone, big lumps of coke, and big lumps of ofe.
Such practice caused all sorts of furnace troubles, ecspecially
when some fine magnetic concentrates or some fine hematite
ore would be mixed with the big lumps of magnetite. Some of
the crude magnetite used to be very rich in iron; there are
records of regular shipments of magnetite shipped from the
Barton Hill mine where the crude ore ran 70 per cent in iron.

With the advantage of the new methods of mining, concentrat-
ing and sintering, there are now four mining distriets in the
Bastern part of the United States that are producing high-grade
magnetic concentrates, either sintered or as concentrates.  These
districts are Mineville and Chateaugay (Lyon Mt.) in the
Adirondack region of New York; the Wharton district in northern
New Jersey; and the old Cornwall mines in eastern Pennsylvania.

These magnetic iron ores of New York, New Jersey, and eastern
Pennsylvania oncee formed the basis of the iron and steel industry
of that section of the country, and especially throughout the
period when anthracite coal wa~ the chief blast furnace fuel.
The coming of cheap Mesaba ores in the ecarly nineties caused
the use of crude magnetic ores to decrease rapidly. Now that
improved mining methods are used, fine grinding and efficient
magnetic-concentration machines installed, and the sintering
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process established, there has been a gradual return to the use
of sintered magnetic concentrates not only in New York blast
furnaces, but also in the Pennsylvania furnaces as far west as
the Pittsburgh region (the 47 blast furnaces built in New Jersey,
beginning in 1674, have all been abandoned and serapped).

The Adirondack region in the northeast part of New York
State has the most extensive deposits of magnetite so far known
in this country. The arca contains about 12,500 square miles;
no complete survey of the ore reserves in this area has ever been
made, but enough drilling has been done to make sure that the
region can be a dependable source of supply for many years to
come. In his paper “The Iron Ores of the Adirondack Region,”
before the American Iron and Steel Institute in October, 1916,
the late Frank 8. Witherbee put the estimate at 1,100,000,000
tons of ore that could be concentrated to produce 5,000,000 tons
of concentrates higher than 63 per cent iron for over 100 years.

The most notable straight magnetite deposits now being
worked on a large scale are those of Witherbee, Sherman and Co.
at Mineville, near Port Henry on Lake Champlain, and Cha-
teaugay Ore and Iron Company at Lyon Mountain. The first
company can produce low-phosphorus and high-phosphorus ore.
The magnetic concentrates from the mines at Mineville are
sintered in Greenawalt pans at Port Henry.

At Lyon Mountain, Clinton County, about 37 iiles west of
Plattsburg, N. Y., the magnetite is exceptionally low in phos-
phorus and is used for making special low-phosphorus pig iron.
The concentrates contain 66 per cent iron and 0.005 per cent
phosphorus.

The titaniferous magnetic iron ores of the Adirondack region
occur in great abundance (the Sanford Lake deposit is estimated
to contain 70,000,000 to 100,000,000 tons), but the titanium
content has hitherto prevented the commercial use of these ores
Iron ores with high titanium have been successfully smelted in
the iron blast furnace! but, here again a deep-set prejudice
against titanium in the blast furnace (based partly on fact and
partly on ignorance) has prevented the general use of titaniferous
ores.

The ores of the Adirondack region are concentrated by the
dry magnetic processes.

' Frank 1 Bacuyan, Yearbook, Am. Iron Steel Institute, 1916
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In northern New Jersey are important magnetic iron-ore
deposits extending northeasterly from the Delaware River near
Kaston, Pa, to the New York State boundary line near Green-
wood Lake  These deposits also extend through the Highlands
to the Hudson River, and beyond, in New York State, but the
several mines of that region are now idle.

These ores have been mined for over two centuries, and at
one time were extensively =melted in New Jersey and in the
Lehigh Valley of Pennsylvania.  Ior many years the crude ore,

F16. 49.—Crocket-Dings magnetic separator. (Courtesy of Dings Magnetic
Separator Co.)

hand cobbed, was shipped direet to the furnaces; over 3,000,000
tons of such ore averaging about 56 per cent in iron was shipped
from the Richard mine near Wharton, N. J., from an area of
only 84 acres, up to 1913. Gradually crushers were installed,
then magnetic cobbing, but the mines were generally owned and
operated by iron companies that produced only enough ore for
their own use. There was no large-scale mining and no eco-
nomical concentiation methods until recent years; meanwhile
most of the blast furnaces of the region have been serapped.
The present status of the magnetites of New Jersey and their
future possibilities are well deseribed by H. M. Roche, in his paper!?
1 “The Iron Ores of New Jersey,” The Iron Age, Feh 4 and 18, 1937
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which gives much information on the character, heneficiation,
and extent of these ores.  His estimates show reserves of minable
ores that would produce 400,000,000 tons of concentrates con-
taining 67 per cent iron. The new wet magnetic concentrating
machines can reduce the phosphorus contents of the ore down
below the Bessemer limits, and will keep the iron contents within
very close controllable limits.  The Crockett-Dings wet magnetie
separator is shown in Fig. 49.

The third important Kastern magnetite district is the famous
Cornwall deposit now owned and operated by the Bethlehem
Steel Company. Here the ore is crushed and ground fine
hefore wet magnetic concentration; the concentrates are sintered
in Greenawalt pans and shipped to the blast furnaces at Steelton
and Bethlehem.

“Southern ores” include the red ores and the brown ores of
the Southern states, particularly of Alabama, where the Clinton
ores of the Appalachian region are found in thicker veins than
in any other section, and where there are many brown ore (limo-
nite) deposits with ores almost as rich in iron as the average Lake
Superior ores, that can be mined on a commercial scale.

Southern blast furnace practice has been built around the
great deposits of iron ore in Red Mountain at Birmingham, Ala.,
where the Clinton ore outerop is 20 ft. thick and is within
switching distance of great beds of coking coals. Just as in the
case of Lake Superior iron ores, wherc the best and casiest to
mine ores were used first, so, with the red ore, the richest parts
of the vein near the outcerop were mined first; now the ore is not
so rich in iron but costs more to mine, and it takes 2!y to 3 tons
of ore to make a ton of pig iron.

Ernest F Burchard, mining engineer, U. S. Geologic Survey,
who has made special studies of the Clinton ores, says of the
Red Mountain deposits,

)

The structure and mineralogy of the Clinton ores are closely related
features of the deposits. The ore with its associated minerals occurs in
lenticular beds analogous to strata of sandstone, shale, and limestone,
and interbedded with such rocks. The fossil ore consists of aggregates
of fossil organie forms, . . .}

The red ore is almost as dense as magnetite, and the same
erroneous practice of the Lehigh Valley furnacemen in using
1 (U. 8. Geol. Survey, Bull. 400, p. 26, 1910.)
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The brown ores originally comprised the entire orc mixture
of the Southern blast furnaces, but in some cases they have
been almost replaced by red ores, on account of cost and irregu-
larity of supply and analysis. With improved methods of locat-
ing, mining, and beneficiating, brown ores are being used in
larger proportions of the burden. Some of the brown ore is
not only much richer in iron and in manganese but is much
lower in phosphorus than the red ores.

Actual analyses of brown ores used in blast furnaces in 1937
were as follows:

! !
Type Fe, l P, o, i Mn, % | $10,, ¢ iAlzoa, %
- IR B o —
Russellville ore 47 74 $ 0 65 ! 047 | 667 325
Tait’s Gap ore . 48 27 016 ! 07 | 987 27
Champton ore ..l 5000 l 025 i 0 50 } 8.00 2 93

In his book, “Iron Making in Alabama,”! William B. Phillips
SQYS,

As a rule the limonites, or so-called Brown ores constitute the best
material for iron making in the State. . . . under ordinary weather
conditions well washed Brown ore will contain 79, moisture when
delivered at furnace . . . normal limonite, when pure, contains 14.449,
of combined water and 85.5%; oxide of iron (= 59.899, Fe). . . . An
average analysis of a good quality of Brown ore, as delivered to the
furnaces in Alabama, is as follows:

Contents Percentage
Hydroscopic water—moisture. . .. 7 00
Combined water. ... .o 6 00
Metallic iron. ... 48 54
Silica ..... . 11 22
Alumina . 361
Lime . 0 84
Phosphorus 0 38
Sulphur 009

FOREIGN IRON ORES USED IN THE UNITED STATES

In spite of the abundance of rich and cheap iron ores in the
United States, large quantities of foreign ores have been, and
still are, imported for smelting in the blast furnaces near the

13d ed., 1912.
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The brown ores originally comprised the entire ore mixture
of the Southern blast furnaces, but in some cases they have
been almost replaced by red ores, on account of cost and irregu-
larity of supply and analysis. With improved methods of locat-
ing, mining, and beneficiating, brown ores are being used in
larger proportions of the burden. Some of the brown ore is
not only much richer in iron and in manganese but is much
lower in phosphorus than the red ores.

Actual analyses of brown ores used in blast furnaces in 1937
were as follows:

Type 1 Ve, 0 | P, |Mn, | 8104, % [ALOw %
Russcllville ore i 47 74 { 0.65 ‘ 0 47 6 67 | 3.25
Tait’s Gap ore 4827 | 016 1 070 9 87 ‘ 27
Champion ore ' 5000 | 025 | 0 50 1 800 | 293

In his book, “Iron Making in Alabama,”’! William B. Phillips
says,

As a rule the limonites, or so-called Brown ores constitute the best
material for iron making in the State. . . . under ordinary weather
conditions well washed Brown ore will contain 79, moisture when
delivered at furnace . . . normal limonite, when pure, contains 14.44 9,
of combined water and 85.59; oxide of iron (= 59.89¢ Fe). . . . An
average analysis of a good quality of Brown ore, as delivered to the
furnaces in Alabama, is as follows:

Contents Percentage
Hydroscopic water—moisture. . . 7 00
Combined water. .. 6 00
Metallic iron.... . 48 54
Silica... . 11 22
Alumina 3 61
Lime . 0 84
Phosphorus 0 38
Sulphur 0 09

FOREIGN IRON ORES USED IN THE UNITED STATES

In spite of the abundance of rich and cheap iron ores in the
United States, large quantities of foreign ores have been, and
still are, imported for smelting in the blast furnaces near the

13d ed., 1912,
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Atlantic seaboard; a few blast furnace plants, especially at
Sparrows Point, Md., Chester, Pa., and at Boston, Mass. were
huilt on tidewater so as to get foreign ores imported at low ocean
freight rates. The author’s own carly blast furnace experience
was entirely with foreign iron ores from Cuba, Spain, North
Africa, islands of the Mediterrancan, and Newfoundland.

Recently, much ore has been imported from Chile, Russia,
Norway, and Sweden, and even from Australia. New York,
Boston, Philadelphia, and Baltimore (including Sparrows Point)
are other ports of entry.

As a rule, the foreign ores are not so well prepared, especially
as to sizing, as are our domestic ores; in many cases, there are
objectionable constituents, such as zine, lead, and arsenie, which
give trouble in smelting. Zine and lead do not go into the pig
iron, but part of the arsenic will remain in the iron giving certain
effeets in the steel or castings.  Some foreign ores contain small
amounts of copper, most of which will enter the pig iron, which
is helpful in some cases and harmful in others.

Sinee 1913, foreign iron ores have heen admitted free of duty.
The ocecan freight rates vary greatly, affected by international
economic conditions and political disturbances. The labor
costs in most of the foreign countries are very much lower than
in this country, making low mining costs, which, combined with
low ocean freights, would ordinarily result in low-priced ores
along the Atlantie scaboard.  But another factor has caused an
increase in the price of foreign ores, and that is the greatly
increased demand for iron ores in those countries which do not
have an adequate supply of their own, such as Japan, Italy,
Belgium, Germany, and even England.  From what has been
said in previous chapters about the enormous iron-ore reserves
in the Adirondacks, in northern New Jersey, and in Alabama,
and from what will be said in suceeeding chapters on the beneficia-
tion of iron ores, it is not likely that there will be much of an
increase in the importation of foreign iron ores. Most of the
imported ores in recent years have come from Chile and Cuba
to the furnaces of the Bethlehem Steel Company.

The richest of the foreign ores are the magnetites from Sweden
and Chile, containing 66 and 65 per cent iron respectively;
sintered concentrates from the Adirondacks and New Jersey are
as rich and, in many cases, even richer in iron.
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TREND OF ANALYSIS OF LAKE SUPERIOR IRON ORES

As long as the annual shipments of Lake Superior ores were
not over 10,000,000 tons, the average iron contents could be
kept high, and it was not difficult to purchase lake ores that would
average over 60 per cent iron in the natural state. In 1895,
when shipments were 10,441,462 tons, it was possible to get
Mesaba ore running 64.44 per cent in iron and only 2.85 per cent
in siliea.’  Six years from then the shipments were doubled, and
in another six years again doubled to a total of 42,401,588 tons;
six years later the tonnage reached 50,114,927. In order to
produce such huge tonnages, it became necessary to include
ores of much lower grade which meant a decrease in iron contents
and almost double as much moisture as well as silica.

Figure 48, giving the average annual analysis of all Lake Supe-
rior iron-ore shipments, beginning with 1902, shows the drastie
changes in the average analysis of the ores in the 10 years
immediately following 1901, the first year to exceed 20,000,000
tons. The lowest point was 51.15 per cent in 1928; only twice
in the past 25 years has the iron content gone above 52 per cent-—
in 1921 when shipments were only 22,851,805 tons (lowest since
1904), and again in 1932 when shipments dropped to 3,588,608,
the lowest tonnage since 1886.

These records indicate that the high-grade Lake Superior
ron ores have been greatly depleted, a fact that has far-reaching
offects on the iron and steel industry of the United States.
The decrease in iron and the considerable increase of the useless,
inert matter, silica and moisture, have a direct influence, metal-
lurgically, geographically, financially, sociologically, on the
manufacture of iron and steel and on all the allied iron and steel
industries and have so adversely affected transportation costs
that vigorous steps are being taken to prevent further decline
and possibly restore the former high quality of lake ores.

With deereased iron content and increased silica and moisture,
blast furnace practice must be metallurgically adjusted to meet
the changes in character of the basic raw material.  The geo-
graphical location of steel plants will be shifted to take advantage
of higher grade raw materials. Financially, the adverse effects

' Rees~k, ArnoLp K., “Notes on Six Months’” Working of Dover Furnace,
Canal Dover, Ohio.” Trans. A I.M.E., vol. 28, p. 481, 1897.
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are twofold—increased operating costs and increased capital
investment to obtain the same results.  The sociological effects
include the problems of taxation on low-grade iron ores and the
abandonment of mining communities when costs get prohibitive.

The cost of transporting a ton of ore with only 49 per cent iron
and 11 per cent moisture is the same as for a ton of ore with
67 per cent iron and 2 per cent moisture, but the freight per
unit of iron varies greatly, being 6.12 cents per ton per unit and
4.47 cents respectively, which is equivalent to $6 per ton of pig
iron and $4.38 per ton.

The steps taken to correet this situation will be described in
another chapter.

TABLES OF TONNAGE OF IRON-ORE PRODUCTION

Because the Lake Superior ores have so long predominated
the iron industry in this country, the record of annual shipments
is here given. These figures are from the records of The Lake
Superior Iron Ore Association, Hanna Building, Cleveland, Ohio;
up to the end of 1934 from their ‘“statistical data’ of July, 1935,
and for the last three years from annual reports kindly sent to
the author by Secretary Harbaugh (see Table I).

The map (Fig. 45) on page 69 is from the American Iron and
Steel Institute (1937). Although the intensity of the ore deposits
shown on the map seems to indicate greater tonnages in Ohio
and West Virginia than in Minnesota, the author doubts it very
much, in spite of the fact that he was assured that the map
conformed to the authoritative reports.

CHEMICAL AND PHYSICAL CHARACTERISTICS OF IRON ORES

Although the market value of an iron ore can be accurately
determined by the percentage of iron content, modified by the
presence or absence of other clements (some bencficial, some
deleterious), there are other constituents, chemically or mechani-
cally combined, and other physical qualities, which either
enhance or detract from the value of the ore in the mind of the
blast furnace operator. Some of these characteristics cannot be
evaluated in terms of the price; it is by practical expericuce that
a blast furnaceman learns how to select his ore or, if he has no
choice in the matter, how to get the best results with the ores at
hand.
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In the present American practice it is seldom, if ever, that a
blast furnace is run exclusively on a single iron orc; the usual
exception is in making low-phosphorus pig where it is possible to
smelt magnetites with very low phosphorus, such as Chateaugay
ore, or the now exhausted Cranberry ore from North Carolina.
The varying demands for phosphorus and manganese necessitate
the control of these two metalloids by varying the amounts
present in the ore mixture.

Some natural iron ores, espeeially foreign ores, contain objec-
tionable amounts of zine and lead, which are volatilized in the
shaft of the furnace and pass off with the waste gases or else
impregnate the brick of the furnace lining; in cither case, they
are sources of cumulative operating troubles.

One constituent of the gangue of iron ores gives trouble if itis
present in too small percentages, and that is alumina, which is
one of the ingredients of the blast furnace slag.  Its influence
will be shown in the chapters on slags.

Of the physical characteristies of iron ores, density is one of
the most important, because, even though it may be properly
crushed and sized, the density of an ore directly affects its
porosity and redueibility. ’

Some iron ores are naturally so fine, especially the Mesabas,
that there are difficulties in smelting them in the erude state.
Some few ores decrepitate when heated in the furnace, giving
dust troubles.

In certain ores, the silica is present as pure quartz, making
it difficult to sample accurately and to distribute evenly the
flux. If the ratio of silica to alumina in an ore is too high, there
will be smelting difficulties.

An example of an ore that combined many of the above physi-
cal, and some of the chemical, troubles was that of a Mesaba ore

: Iron Silica Alumina Moisture
Analysis (natural),! (natural),| (natural), o i
% % % ’

One Lake chemist l' 30 49 { 13.94
Second Luke chemist Y | 12.14
Furnace chemist L 4509 | 18 20 018 | 13.95
Crest of pile at furnace L0l 67 12 75 007 ; 960
Lumps that rolled down | 3276 , 47 24 i 05 , 200
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named ‘ Medina,” before anything was done to prepare it prop
erly for the blast furnace. Its irregularity in every particula:
got so bad that reforms in preparation and cargo sampling
started to improve that year. An example of the irregularity is
shown in the table on page 85.

BENEFICIATION OF IRON ORES

In previous sections are given some of the reasons for making
iron ores more regular as to size and chemical analysis before
charging into the blast furnace. Such improvement as to quality
is called “beneficiation,” whether it increases the iron content
by some concentration method or simmply improves the physical
condition by crushing or by screening and sizing.!

The late John L. W. Birkinbine? said that his father’s motto
was, “The blast furnace is a very cconomical metallurgical
apparatus, but it is a most expensive place in which to prepare
your raw materials.”

The various processes for the beneficiation of iron ores include:

Crushing . .« ... . . tobreak up big lumps

Screening . AN . to separate lumps, or to size

Washing .. «e.. ... to remove clay, sand or excessive mowsture
Drying. . ........... to remove moisture

Magnetic concentration. .. to concentrate magnetites

Sintering. . ......... .. to agglomerate fine ores and flue dust
Nodulizing . . .. ... to agglomerate fine ores and flue dust
Briquetting. ............ to agglomerate fine ores and flue dust
Roasting  .......... to eliminate wholly or partially some objection-

able ingredient; also to make magnetice

There was a time in blast furnace practice when big lumps of
orc were crroneously desirable, but, when the principles govern-
ing the reduction of iron ores in the furnacc became better
known, it was found imperative that no big lumps should be
charged into the furnace and, further, that it was desirable that
lumps of different sizes should be charged separately. One
of the objections to crushing was that it necessarily made more

18ce “Beneficiation of Iron Ores from the Blast-Furnace Viewpoint,”
Mining and Metallurgy, September, 1930, p. 423, which the author presented
at the Chicago meeting of the Iron and Steel Division, A.I.M.E., September,
1930. For discussions on the needs of beneficiation of iron ores see Trans
A.I.M.E., Iron and Steel vol., 1930, pp 407-431.

 Yearbook, Am. Iron Steel Inst., 1916.
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fines which were thought to make trouble. Crushing was one
of the first steps in the preparation of iron ores for the furnace:
breaking big lumps that passed over a grizzly screen was the
first method at the mines, followed by rotary crushers or jaw
crushers.

Where fine grinding is necessary for concentration, such as
minus 100 mesh or even minus 200 mesh, as in some magnetic
concentration, rolls, ball mills and rod mills are used. In con-
centrating the New Jersey magnetites, the ores are crushed to
minus 6-mesh size when they are to be sintered, and to minus
2-in. size when shipped a< direct furnace ore.!

The red ores of the Birmingham district are now being erushed
to three sizes which are filled separately into the blast furnace---
lump, medium, and fines (see Fig. 50). Lump ore ix supposed
to be through 3-in. round hole and on 1 in.; the medium, through
1-in. and on lj in.; the fines through 1 -in. hole. At one plant
using red ore, the minus 3¢-in. ore is sintered together with flue
dust (sce Fig. 40).

SCREENING; WASHING; MAGNETIC CONCENTRATION

The simplest form of sereening iron ore is to dump it over
a grizzly with bars set to the desired width, usually 3 to 4 in.
wide. The oversize is either broken up with sledges or passes to
a crusher.  The minus size goes direct to shipping ore, to other
screens, or to the next step in concentration. At brown ore
mines in the South and at some ore mines in the Lake Superior
region, the grizzly does the primary screening.  These stationary
sereens are set at an angle that allows the ore to slide down
casily, usually 45 deg. At brown-ore mines a high-pressure
stream of water is played on the ore on the grizzly so as to help
the fine sticky ores to pass through the bars and to clean the clay
off the big lumps.

Revolving screens, or trommels, are used to divide the ore
into different sizes, some of which will be direct-shipping ore and
some of which will go to other machines for further treatment.
Many plants in the Lake Superior region are simply crushing and
screening plants for the purpose of more thoroughly mixing the
ores and providing a more homogeneous raw material, both

! RocHE, H. M.: “The Tron Ores of New Jersey,” The Iron Age, Feb. 4 and
18, 1937.
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chemically and physically; sometimes the oversize is recrushed in
secondary crushers. In some cases with lake ore and also with
red ore in the Birmingham district, the fines are screened out and
sintered, thus reducing the furnace loss through excessive flue
dust. i

Vibrating screens are much used in the screening and sizing
of magnetic iron ores; Hummer screens have been used at the
Babbitt plant of the Mesabi Iron Company in Minnesota and
at plants in New Jersey.

Washing.—Some iron ores are concentrated in log washers
which remove the clay and sand, and in some cases, where there
is excessive moisture, as in certain Mesabi ores on account ot
much clay, moisture is reduced. In recent years, many washing
plants have been installed on the Mesabi range; most of the
brown ores in the South are washed before shipment to the
furnace; and log washers have been used getting rid of some of
the waste in the wet magnetic-concentration process.

The principle of the old-fashioned log washer, where cast
iron blades were stuck into a log that revolved in a trough ot
water, was the same as for the modern double-log washers now
being cxtensively used. The two revolving shafts fitted with
steel blades set at oblique angle, revolving in opposite directions
in an inclined trough, receive the ore at the lower end of the
washer. Water is fed in at the higher end of the trough wherve
the lumps of ore are discharged by the upward thrust of the
blades of the log washer; dirty water, clay, and sand overflow
at the lower end of the trough. In the washing of brown ores,
the sandy fine ore is screened out and jigged.  The MceLanahan
stecl-log washer (Fig. 51) is now much used for washing iron ores

In cases where lumpy ores carrying most of the iron are mixed
with clay and fine sand that carry very little iron, the ore is fed
into a trommel fitted with several sizes of sereens and with many
jets of water. The lumps are washed clean and discharged in
separate sizes or all mixed together; the clay and sand are garried
off in the waste water.

Drying.—Some lake ores carry so much moisture (15 per cent
or more), especially in the Mesabi and Cuyuna ranges, that it i~
necessary to remove some of the moisture before shipment from
the mines. This is done either in big revolving driers, or by
mixing the fine wet ore with the hot sintered ore as it comes
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from the sinter plant, thus reducing moisture in part of the ore
and at the same time cooling down the hot sinter.

Magnetic Concentration.—Of all the low-grade iron ores that
can be concentrated, the magnetites are the most amenable to
treatment, not only because they are the richest in iron of all
the iron compounds in the pure state but because the grains of
iron ore and the grains of gangue are usually so distinct when
crushed to the requisite size, that they can readily be separated
with electromagnets in either the dry or wet condition.

Magnetic concentration is so effective that in some of the
processes for enriching hematite ores, the ore is first changed
to the magnetic ore by heating, or by partial reduction, or by a
combination of the two steps.

Although there are deposits of magnetite rich enough that the
crude ore could be shipped direct to the furnace, yet it is usually
more economical to mine the low-grade ore along with the high-
grade and to crush, size, and concentrate all the ore into a homo-
geneous shipping product that is kept under control as to the
richness of iron. Moreover, it is pow possible to remove the
phosphorus along with the other gangue material.

EVALUATION AND PRICING OF IRON ORES

During the years in which there have been bought and sold over
one and a half billion tons of Lake Superior iron ores, and espe-
cially in the last twenty-five years, there has been evolved and
universally accepted a system of sampling, analyzing, and
evaluating lake ores that is commercially accurate. ILake ores
are bought and sold on the “natural”’- or ““wet”-analysis basis,
viz., the percentage of iron in the ore in its natural, or moist,
condition as it is unloaded from the ore boats at lower Lake
Erie ports governs the price of the ore delivered at the rail of the
ore boat.

The ore is sampled by experienced samplers, as the ore is
being unloaded, according to well-tried, scientific rules of The
Lake Superior Iron Ore Association. The percentage of moisture
is determined from a moisture sample especially protected.
The large sample of the whole cargo is quartered down and onc
portion sent to the buyer and one portion analyzed by the
custom chemist.
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: ores arc divided into Bessemer and non-Bessemer accord-
ing to whether they contain not over 0.045 per cent phosphorus
dry, in which case they are Bessemer ores and command a
differential in price over the non-Bessemer ores, which amounts
to at least 15 cents per ton, and is inercased according to the
“phosphorus table’” for each thousandth of a per cent below
0.045 per cent phosphorus.

Lake ores are further classified into “old range” and ‘Me-
saba,” with another 15 cents per ton differential in favor of old
range. High phosphorus ores (over 0.18 per cent phosphorus)
have a still lower base rate of 10 cents per ton under the Mesaba
non-Bessemer.

After the price of a Bessemer ore containing 51.50 per cent iron
and 0.045 per cent phosphorus at Lake EKrie ports has heen
decided each season, it is then possible to evaluate any lake iron
ore according to its analysis; the method of adjustment being
based on a “base unit.”” This base unit is found by “dividing
the selling price at Lower Lake Ports by the natural iron of the
guarantee, namely 51.507,.” For instance, the price for old
range Bessemer ore in 1937 was $5.25 lower lake ports, and the
unit value was 10.194 cents; for Bessemer Mesaba and non-Bes-
semer old range, it was $5.10, and the unit value was 9.903 cents.
For ores with less than 51.50 per cent iron, the adjustments are as
follows:

31 50 to 30 per cent, value of each umt 1s the base umt.
50 00 to 49 per cent, value 1s the base unmit mereased 50 per cent.
Less than 49 per cent, value 1s the base unit mereased 100 per cent.

Silicious lake ores are low in iron and contain 18 per ecent or
more silica; they are sold at special prices agreed upon.

The brown ores in the South are bought and sold on the “dry”
basis, delivered f.o.b. blast furnace, at so much per unit of iron
as analyzed at 212°F.  No such aceurate rules as govern the lake
ores have been worked out for the brown ores.  In the few cases
where red ores are bought and sold in Alabama, special prices
are agreed upon by the seller and buyer.

Eastern magnetites, as concentrates® and usually sintered,
are sold at so much a unit delivered at furnace. The prices are
a little less than lake ores delivered at Kastern furnaces.
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Foreign ores have no fixed prices but are =old on the unit
basis, f.a.s. Atlantic ports.!

SECONDARY IRON-BEARING MATERIALS

Besides the natural iron ores, which really are the original
source of all iron and steel (except the very few meteorites that
have been found and worked), there are now many secondary
sources for the iron-bearing materials smelted in the iron blast
furnace. Materials that were formerly wasted on the slag dump,
and many by-products of other processes are now put through the
blast furnace providing they contain iron, manganese, phos-
phorus, or some other e¢lement desired in the pig iron.

In the days of much wrought iron, it was customary to put the
mill cinder into the blast furnace burden mixed with the ores,
but for the best grades of foundry pig iron this practice was not
allowable. Roll scale from all the various iron and steel rolling
mills has been a standard raw material for the blast furnace.
In the case of merchant blast furnaces there has always been a
preference among the users of pig iron for ‘“virgin iron,” i.c.,
pig iron made from an all-ore burden, and a prejudice against
mill cinder and even against roll scale. It is likely that the
prejudice against mill cinder was well founded.

As the new steel processes came into use there were new waste
materials, or by-products, containing considerable iron, which
could not be used in the steel furnaces, and, at first, were thrown
on the dump. At integrated steel plants these materials are
regularly sent to the blast furnaces and smelted as part of the
burden, in some cases making up a third of the ore mixture.

Gradually the use of serap in the blast furnace has extended
from the melting of the “return serap” from the cast house
and hot-metal ladles to include all sorts and kinds of iron serap
and steel serap, some of it of questionable value, bought from
serap dealers who have now developed a regular scrap industry
with standard grades of serap bought and sold on a seale of
prices similar to prices for iron ores,

The sccondary iron-bearing materials smelted in the blast
furnace are as follows:

.
! For a thorough explanation of the methods, present and past, of buying
and selling Lake Superior iron ores, see “The Iron Ores of Lake Superior,”

7th ed., Cleveland, 1930, Crowell & Murray, Inc.
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Mill cinder:

Raw Puddle cinder
Briquetted Tap emnder
Nodulized Finishimg mill einder
Sintered Slag:

Flue dust: Open hearth
Raw Ingot 1ron
Briquetted Bessemer spittings
Noduhzed Spregel-residuum
Sintered Serap:

Roll scale: Bormgs
Bloommg mill Turnings

" Rod mill Stove plate
Bar mill Slag serap
Rail mill Shot serap
Sheet mull Shovel serap
Wire mull Crop ends

Annealing pots
Ladle kish

BLUE BILLY, OR PURPLE ORE

Blue Billy is the residue from iron pyrites (IeS,) and from
chalcopyrite (CuFeS,) after the sulphur has been burned off
for the manufacture of sulphurie acid and the copper extracted
from the chalcopyrite. The residue is ferrie oxide mixed with
whatever gangue material was in the original sulphide ore, plus a
varying percentage of sulphur which cannot all be removed in the
sulphur burners  The Blue Billy as it comes from the burners
is purplish in color (sometimes called “purple ore”) and is
physically fine (hence sometimes called ““pyrites fines”).  Some
of the foreign copper-bearing iron sulphides carry many other
olements besides iron, copper, and sulphide, and these remain
in the Blue Billy except what lead, zine, and arsenic might be
volatilized in the burning process.

Although it is possible to charge raw Blue Billy into the blast
furnace, it is common practice in this country to sinter it,
usually with flue dust.  Briquetted Blue Billy has been used, but
the material is too dense for satisfactory working in the furnace.
Nodulized Blue Billy has been frequently used, but sintered
Blue Billy is now found to be the most desirable form for the
blast furnace.

The main thing in using Blue Billy is to have the sulphur as
completely removed as is practically possible. A large pile of
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pyrites fines at a chemical plant where the burning was poorly
done varied from 3.28 to 5.31 per cent sulphur, which was entirely
too high for blast furnace use. The next thing to avoid is the
presence of zinc and lead because of their damaging effects on the
furnace lining.

ANALYSEN OF BLUE BiLpy

Fe. SIOz. AlOs P. Mn.

S, | Ca0,{MgO,! BaO,| PbO,| Zn, | Cu, |Moist,
% | % % % | % o

¢ ¢ o " ,
o | o % | % | % || % | %

Pyrites fines to be sin-

tered 46 58(10 56| 2 75 |0 041 0 53 14 84

|

Noduhzed Blue Billy 159 65 5 75/ 1 84 (0 0170 075'0 25| trace| trace| 3 15{ 0 101 82{0 72
|
l

The nodulized Blue Billy made excellent Bessemer pig iron
but the presence of 0.72 per cent copper made the iron unfit for
certain uses, especially for making soft-center steel for agricul-
tural implements. The presence of lead and zine caused the
bursting of the shell of the furnace and the disintegrating of the
brick lining. The barium monoxide present helped to make a
very hot fluid slag.

FLUE DUST

With the increasing use of coke as a blast furnace fuel it
became necessary to remove the flue dust from the blast furnace
gas; and with the coming of Mesaba ores, the flue dust became a
serious problem, both in preventing excessive amounts and in
its removal from the furnace gas. For many years, it was wasted
on the dump or else piled with the hope it might be utilized
later. Attempts to usc the flue dust raw, especially dust con-
taining much carbon from the coke breeze, generally resulted in
furnace troubles. Flue dust from modern wet washers which
contains very little carbon can be filled back into the furnace.
Flue dust mixed with 5 per cent plastic clay and ground in a wet
pan has been returned to the furnace with satisfactory results.

The ideal utilization of flue dust is to mix it with fine iron ore
and sinter it. The carbon of the fine coke breeze in the dust is
generally too much for sintering the dust by itself, but by adding
fine ore, Blue Billy, roll scale, or other fine iron-bearing material,
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the right amount of carbon (about 3 to 5 per cent) for sintering is
obtained.

Certain kinds of blast furnace flue dust contain potash and
soda which are recovered for fertilizers; this special use will be
desecribed in Part V, By-products of the Blast Furnace.

SINTER

The sintering process has now heen developed to the point
where it is an essential part of American blast furnace practice;
coincident with this development has come the adyancement of
the art of blast Jurnace practice to the point where it 15 possible
1o sueeessiully operate a blast furnace with a 109 per eent sinter
burden.'  Blast furnacemaon Lad 1o learn fo use sinferin the min-
ture, Just as they had to learn to use Mesabi ores; the first ~inter
plants were small and nsed only flue dust, so that the sinter
the burden amounted to less than 30 per cent. Blast furnaee
superintendents are responsible for their furnaces and equip-
ment, and are reluctant to push untried methods and materals
too far or too fast, but il the exceutives are willing and coopera-
tive much progress can bhe made in blast furnace practice
Meanwhile, all those concerned are niindful of the faet that che
modern blast furnace is a very expensive picee of apparatus with
which to experiment. The pioneering work in the use of sinter
done at The Bethlehem Steel Company’s Lackawanna plant by
B. J. Harlan, superintendent of the blast furnace department, and
by Robert McClurkin, manager of Tonawanda Iron Corporation,
at the Tonawanda furnaces, did, much to advance the use of this
ideal raw material for blast furnace. Robert MeClurkin pre-
sented his paper? “Sinter in Blast Furnace Burdens,” at the
annual meeting of the A.I.M.E., February, 1932; B. J. Harlan's
paper? shows that ‘‘other plants have sintered a mixture of
stock flue dust, current dust, and Mesabi ore screenings and
used the sinter produced from this mixture in quantities as great
as 100 per cent of the burden, with excellent results.”

The sintering of magnetic iron-ore concentrates has been
successfully carried on at Port Henry, N. Y., by Witherbee

VHarraN, B. J, “Recent Trends in Blast Furnace Operation and
Design,” Trans. A.J.M.E., vol. 113, p. 40, 1934.
2 Trans. A.1.M.E., Iron and Steel, vol. 100, p. 47, 1932,

SHARLAN, loc. cit
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Sherman & Company since 1923; the Greenawalt sintering plant
is now capable of producing 3,400 tons of sinter in 24 hr.

The sintering of limonitic iron ores at Ironton, Minnesota,! was
described by Perry G. Harrison in his paper by that title. Not
only is the moisture eliminated from the Cuyuna manganiferous
iron ores, thus reducing freight rates, but the fines are agglom-
erated into the most desirable condition for smelting in the
blast furnace.

The character of iron-ore sinter as it was at first .produced is
well described by G. M. Schwartz.: He says that the porous
cellular structure extends throughout the entire mass thus
increasing the efficicncy of the gas-solid contact in the reducing
zone of the blast furnace.

Fundamentals of Sintering Iron Ores.—In a paper? presented
at the Buffalo meeting of A.I.M.E., Apr. 22, 1938, John E.
Greenawalt described the fundamentals of sintering iron ores
and showed, by photomicrographs, how the minerals in the
original ore are changed into different minerals in the sinter or
else to different crystallizations of the same mineral. The follow-
ing quotations are from his paper:

Sintering may be defined as the agglomeration of fine mineral par-
ticles into a porous mass by incipient fusion caused by heat produced
by combustion within the mass itself. . . . The application of down
draft brought about tremendous results; the principal one of which
was that an air blast of high pressure could he passed through a layer
of ore deposited on a grate, or on a grate covered by a layer of coarse
material, without disturbing the particles of which the layer is com-
posed. The air current is compelled to filter through the pores of the
charge, whereas if the same pressure we apply to the top surface of the
charge with down draft were applied to the bottom of the charge with
up draft, the charge would be blown completely off the grate. Another
result of reversing the draft was that a flame could readily be applied
to the top surface of the charge for igniting purposes.

Broadly speaking, sintering is an oxidizing or burning process, and
therefore, the volume of air passing through the charge is the all-impor-
tant factor. The air must pass through with sufficient rapidity to

1 HarrisON, PERrY G., “Sintering of Limomtic Iron Ores at Ironton,
Minnesota,” A.I.M.E., vol. 90, p. 346, 1930.

2 “Iron Ore Sinter,” A.I.M.E., Iron and Stcel Division, vol. 84, p. 39,
1929.

3 “The Sintering Process and Some Recent Developments,
A.I.M.E., Tron and Steel Division, vol 131, 1938.

" Trans.
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produce the necessary heat and if sufficiently rapid, the combustion
will take place with a blow pipe action that will quickly generate a
sintering temperature, whereas if the flow of air is insufficient, the burn-
ing will be like that of burning punk and will not generate sufficient heat
to form sinter.

The first condition confronting us is to pass the air through the charge
in sufficient volume to produce a sintering temperature in the mass and
this is greatly influenced by two important factors; one of which is the
porosity of the charge itself and the other is the pressure applied to force
the air current through the pores of the charge by means of suction.

The porosity of the charge is influenced by the following three impor-
tant factors:

First: Mousture. Were it not for the fact that moisture added to
fine ores increases the porosity of the charge enormously, the sintering
process as applied today would be a complete failure. The porosity of
fine, dry ore is so small that it becomes impracticable to pass air through
the charge in sufficient volume to produce a sintering temperature.
Fortunately, however, we find that if we add say 4% of water to this
same charge and mix it thoroughly, the porosity has been greatly
increased and if we continue to add water one per cent at a time and test
the porosity after each addition, we will find the porosity of the charge
progressively increasing until a maximum has been reached and then
if we continue to add water, we will find the porosity decreasing until
it has been completely destroyed. The amount of moisture used to
obtain maximum porosity is usually the best percentage of water to
use in preparing the charge for sintering. In actual practice, this
depends upon the character of the ore and may vary from 59; to 129,
not including combined moisture. Magnetite ores require the least and
clayey ores the most to produce the best physical condition for sintering.
The character of the sinter can be slightly influenced by the moisture
content of the charge; the drier charges tend to produce a more fragile
sinter and wetter charges a stronger and denser sinter. High moisture
in the charge decreases its combustibility and increases ignition
difficulties. ’

Second. Returning part of the previously sintered charge in the form
of “‘returned fines.” It is impracticable to produce 1009, sinter in one
operation except under unusual conditions, so that the sintered charge
is passed over a screen and all the fine material below a fixed size is
returned and resintered. The size of this sereen ‘may vary from 15"
to 34" and the amount returned may vary from 209, to as much as
509, although in the intermittent system, this is rarely more than 259,.
Much of this material has been sintered so the addition of it to the charge
greatly increases its porosity and sintering qualities and thereby increases
the capacity of the sintering unit. It improves the sintering charge the
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same as sinter improves the blast furnace charge. This practice, how-
ever, has the disadvantage of double sintering, requiring additional fuel,
which adds considerably to the cost of sintering low grade ores. This
re-sintering of part of the charge which has previously been partially
sintered and which fuses far more readily than the original charge
strongly tends to the formation of the undesirable iron silicates in the
finished sinter, so that the modern tendency is to reduce the “returns”
to a minimum.

Third: Preparing the charge so it will consist of a mizture of materials,
some of which are coarse and of great permeability. This method of
increasing the porosity of the sintering charge is very desirable whenever
it can be applied, as for example, mixing fine ores with flue dust, roll
scale, ete. It is also advantageous to mix fine magnetic concentrate
with coarser ores in the preparation of the sintering charge. Obviously,
this method of increasing the porosity of the charge has its limitations
in the materials available. Having prepared the charge so as to obtain
the maximum porosity, we find a definite resistance to the flow of air
through the charge. The amount of air that will flow through the
charge is proportional to the thickness of the charge and to the suction
applied to the lower side of the charge. 'The thickness of the charge
treated is very important. In plants using the intermittent system, the
depth of the charge varies from 7 inches with a fine magnetic concen-
trate to 18 inches with the fines below 33’ of a hematite ore. Eco-
nomically, a thick charge has many advantages over a thin layer. The
cost of igniting and charging a thick layer is the same as a thin layer
and it also requires less sintering fuel. The time of sintering, that is
the time required for the sintering zone to travel from the top surface
of the charge to the grate, varies from 10 to 18 minutes. Experience
has shown that 18 minutes should be the maximum for the reason that,
if a charge requires more time than this to sinter, the portion of the
charge near the grate dries out and greatly slows up the travel of the
sintering zone through the charge. The sinlering zone should travel
through the charge at the rate of about 1" per minute.

Suctton. The thickness of the charge is also dependent upon the
suction available. We have for some years in connection with the inter-
mittent system been advocating and using powerful fan exhausters
capable of giving a suction of 50" of water and from the results obtained,
the writer is convinced that the use of high suction in the future will
become more and more pronounced and this is especially true for sinter-
ing at a low cost large tonnages of ores with reduced fuel consumption
and thereby eliminating almost completely the possibility of forming
iron silicates in the finished sinter.

Figure 1 [Fig. 52] is a chart based upon the tests made by A. K.
Walter and illustrates clearly the positive results that can be obtained
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by applying increased suction to a sintering apparatus. Here are
represented the results obtained with a series of tests made from a large
amount of ore prepared for this purpose, so as to have uniformity in
fuel and moisture. The charge was thoroughly mixed so that the
charges were as nearly alike as possible except for the suction applied
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to the charge. Vertical distance on the chart represents the suction
and the horizontal distance the number of pounds of sinter produced.
Line A represents the sinter produced by shoveling the charge directly
into the pan with more or less irregular packing, the line B represents
the production obtained by carefully fluffing the charge so as to give
it the greatest amount of porosity possible and the greatest amount
of uniformity. Notice that with 17" of suction, the increase in sinter
production due to proper charging was 18% while with 40" suction, the
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increase was 209. By increasing the suction from 17" to 40, the
capacity was increased 145¢% and by increasing the suction from 17"
to 40" and at the same time depositing the charge into the sintering
apparatus with the greatest amount of uniformity and porosity, the
capacity was increased 194 9.

To apply high suction, it is obvious that the sintering apparatus must
be air tight from the top surface of the charge to the fan exhauster and
that exhaust fans of superior design are required. High suction fans
when carefully designed and properly constructed are capable of oper-
ating over long periods of time without attention except lubrication. . . .
This is a real accomplishment when we consider that the top speed of
the impellers is over 26,000 ft. per minute. . . .

Proper ignition of the charge is important and the time required to
accomplish this should not exceed 30 seconds. Ivery square inch of the
charge surface must be evenly and fully ignited. Long exposure of the
igniting surface to flame dries out the charge and produces uneven
sintering. A clean, high temperature and highly oxidizing flame applied
instantaneously to every square inch of surface produces the best results.
For this reason, it is preferable to use high grade fuel such as oil, natural
or coke oven gas instead of blast furnace or produced gas.

(frate bars. In any down draft sintering apparatus, the grate receives
severe punishment. It should be self-cleaning and have an opening
amounting to at least 209, of the total grate area. The amount of grate
opening, however, depends upon the character of the material being
sintered. Fine ores lacking in cohesiveness are readily drawn through
the grate by the air blast. Whenever possible, it is advisable to place
a thin layer of coarse material upon the grate, and when sintering fine
ores, it is excellent practice to deposit a layer of the ore upon the grate
without the admixture of fuel or very little fuel as this prevents the
formation of highly fused sinter which frequently forms next to the
grate. .

Sinter should be air cooled for the reason that if red hot sinter is
doused with water, it becomes very brittle and breaks up easily when
handled. Air-cooled sinter is much stronger than water-cooled sinter
and sinter made from a charge containing lime should not be moistened

Sulphur elimination is of vital importance in the preparation of certain
sulphur-bearing iron ores, and this element should be reduced to .10,
or less for use in the blast furnace. The all-important point to remem-
ber in sulphur elimination is to reduce the carbon content of the charge
to a minimum, so that the heat released by the combined burning of the
carbon and sulphur is just sufficient to produce a sintering temperature.
If more carbon is present, the oxygen combines with the carbonh in
preference to the sulphur, thus fusing some of the sulphur compounds
from which it is extremely difficult to remove the sulphur. . . .
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Coke breeze crushed to pass a 10 mesh screen is an excellent fuel for
mixing with the charge to be sintered and another satisfactory fuel is
anthracite culm. Bituminous coal is not satisfactory due to its
volatile constituents which are not only wasted but tarry compounds are
condensed and clog the pores of the charge, greatly interfering with the
flow of air through the charge. To obtain uniform distribution through-
out the charge and avoid intense local temperatures, the fuel must be
finely divided. There is not sufficient time to burn large particles of
fuel and, therefore, the unburned fuel is wasted so far as the sintering
operation is concerned. Ores containing 69, sulphur have sufficient
fuel to produce a sintering temperature. Blast furnace flue dust always
has an excess of fuel for sintering; in fact, a ton of dust with 159 of
. carbon has sufficient fuel to sinter 314 tons additional of fine ore or
concentrate providing the charge is properly arranged and treated with
high suction.

The object of sintering material is to prepare it for treatment in the
blast furnace and, therefore, the chemical and physical qualities of the
sinter are of major importance. It is only during the last few years that
the full significance of the fact that sinter may be good, bad or indifferent
in the blast furnace has been fully appreciated. . . . In the early days
of sintering, the sole object was agglomeration and very little attention
was given to the chemical reactions taking place during sintering. In
fact, many authorities considered it necessary and desirable to form iron
silicates in order to make a sufficiently strong sinter. For example,
Schwartz in his paper on Iron Ore Sinter* contends that the strength
of sinter was increased by the presence of silica which was converted
into iron silicate and that iron silicate was not detrimental in the blast
furnace charge. In recent years, the opinion has been gaining ground
that a highly fused sinter charged with iron silicates is not the best
sinter for blast furnace purposes, and this was conclusively demon-
strated in the very excellent paper by Mr. Charles K. Agnew which was
presented at the last session of the Institute. The solution presented
was the elimination of the silica hefore sintering but obviously this can
he accomplished only with a limited class of materials.

The problem then becomes one of converting all kinds of ores into a
sufficiently strong sinter for blast furnace use without the formation of
iron silicates. The factors involved in the avoidance of iron silicates
are the control of the temperature at which sintering occurs and the time
the charge is exposed to this temperature, the amount of returned fines
in the charge and probably the presence of small quantities of basic
materials in the charge.

By means of high suction and an improved arrangement of the charge
to be referred to later, the writer has obtained some rather remarkabhle

* Trans. A.I.M.E., Iron and Steel, vol. 84, 1929.
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results i smterig fine red hematite ore.  Sinter sufheiently strong for
blast furnace purposes was repeatedly produced with 344 per cent coke
in the charge and excellent sinter was made by adding 15.41 ¢ flue dust
~0 that the churge simtered contained only 2.84¢, carbon. Thi~ i1~
considerably less than one hall the amount of fuel required heretotore
for sintering this ore. The fines below !{"” amounted to 20 per cent
and were returned to the succeeding charge, and a 16" charge smtered
i 1D nmnntes

F1u. 53.—Crystals of hematite and magnetite embedded 1 glass, as they
appear on a pohished surface. Large, hght gray angular areas represent hema-
tite crystals in reflected hght. A few dendritic groups of magnetic erystals are
shown at the side. (Courtesy of John E. Greenawalt.)

The following is the analysis of the ore from which sinter was made,
with 315 ¢/ coke breeze for the microscopic investigation.

Fines, Per Cent

CSiiea e 12 32
TALOs ... e . 347
CaO ........ e . 16 75
MgO.......oooiiiiiit B R 51
Fe . ........... e .. 36 35
P e e e 30
Mn e e e e e 17
HO .. ......... e e o 2 74

72 61
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The microscopic examination of this sinter was made by Proles-ot
Paul ¥. Kerr of Columbia University to whom the writer is imndebted tor
this very mteresting study.

Figure 2 [Fig. 53] is a photomicrograph showing crystals of hoth
hematite and magnetite cmbedded 1 glass, as they appear on a polished
surface. The large light gray ancular areas 1epresent hematite erystals
as thev appear in reflected light  \ few dendritiec groups of magnetite
crystals are shown at the <ide ol the view.

Fia. 54.—Skeleton crystals of magnetite embedded in glass. (Courtesy of
John E. Greenawalt.)

The metallic constituents of the sinter occur either as magnetite or
hematite. The magnetite occurs as a recrystallization product of the
original hematite in clusters of minute octahedral erystals.

The original fine hematite powder has been recrystallized in clusters
of minute, sharply defined, hexagonal crystals of the same mineral.

The principal non-metallic constituent of the sinter, produced during
the heat treatment, is glass. Apparently the fine quartz particles in
the original ore, together with a considerable proportion of the calcite,
forms glass. The brownish color would indicate a contamination with
iron. This glass formation is clearly shown in Figure 3 [Fig. 54).

Figure 3 |I'ig. 54] also shows skeleton crystals of magnetite as they
appear on a polished surface. The edges of the crystals are much more
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prominently developed than the crystal faces or the interiors. The
skeleton outlines are embedded in glass and glass even fills the interior
of some of the crystals.

This excellent paper by Mr. Greenawalt is a valuable con-
tribution to the sintering practice in this country and calls our
attention to new possibilities in the improvement of our present-
day blast furnace practice. His paper brings out some facts
contrary to much of the previously published data, which is not
surprising when we consider that the sintering of iron ores has
as many variations as there are different iron ores and each opera-
tor has observed a different set of phenomena.

The author’s first personal experiences with a sintering plant
and with the use of sinter were so distasteful that he can appre-
ciate the apparent lag in the general adoption of the sinter plant
“as an adjunct to the blast furnace,” as Mr. Greenawalt says in
his conclusions regarding the future of sintering.

There is as much difference between the sinter plants and sinter
of the postwar period and the plants and sinter of today, as there
was between the by-product coke plants and coke of the carly
Otto-Hofman plants and the new coke ovens and by-product
coke of today. The author sees such a great similarity between
the introduction of by-product coke into blast furnace practice
some twenty years ago and the rather slow adoption of sintered
iron ores (outside the almost universal practice of sintering fine
magnetic concentrates), that he approaches the discussion of
Greenawalt’s paper from a background of blast furnace and coke-
oven experience during the development of by-product coke as
the almost universal blast furnace fuel in this country.

The beginnings of the making and use of by-product coke for
blast furnace fuel were as crude and nerve-racking as the initial
steps in the production and the introduction of sintered ores as a
major part of the blast furnace burden.

As in coke, so in sinter, no attention was paid to the hardness,
size, porosity, density, or moisture contents. In those days by-
product coke was truly the “by-product” of a gas plant or a
chemical works, and no consideration was given to the many
troubles of the blast furnaceman.

In the above paper Mr. Greenawalt describes the sintering
of a ferruginous sandstone using flue dust and high suction,
without the formation of iron silicate (see Fig. 55).
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The same fallacies that used to prevail among blast furnace
and coke men seemed to prevail in the use of sinter  One
exploded theory, that high ash made a “stronger coke that would
carry the burden better,” had its counterpart in thinking that
a hard firm sinter was necessary. But Schwartz' recognized the
fact that ‘““iron silicates are difficult to reduce’; and said, further,
that ‘“‘since we have definitely identified these siheates in prae-
tically all samples of sinter examined and sinee ordinary iron ore

=

Frc. 55 —Quartz and unaltered ron ore  (Courtisy of John K Grocnawalt')

contains only a ~small amount of iron stlicate, 1t appears that the
increased porosity of the charge when using sinter s of sueh value
to the bHlast furnace that the merease m the percentage of the
iron silicate minerals in the <smter is far overshadowed by the
increase in porosity.  If good sinter could be produced con-
taining no iron silicate this sinter would undoubtedly be better
for blast furnacc use’

That thi~ desirable praetice in the art of sintering iron ores has
already heen attained is attested in the papers of Agnew and

L Scawartz, G. M., “lIron-Ore Simter,” Trans. A.1.M . E., vol. 84, Iron and
Steel Division, 1929.
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Greenawalt; one accomplished it by removing the excess silica
previous to sintering, and the other removed the cause for excess
temperature and increased the suction of the air.

Control of Porosity.—It was an agrceable surprise to the author
to observe that it is possible to control the porosity and cell
structure of iron-ore sinter much in the same way as the porosity
and cell structure of by-product coke is controlled. When blast
furnacemen went from beehive Connellsville coke to by-product
coke, it was generally agreed and understood by the furnacemen

Ir. 56 Two sinfers made from same ore with suction of 50 inches of water.
The sinter to the right was made with 3 5 per cent coke, completely free from
ron siheates  The sinter to the left had more return fines and 4.5 per cent coke
Here & pronounced smelting ot slagging action 15 observable. This sinter 1s
fused entirely too mueh for the most economieal results i the blast furnace
(Courlesy of Tokn E Greenawalt)

and the coke men that the by-product coke should be hard
burned and in big lumps  But it was different with the blast
furnacemen who had been using Pocahontas heehive coke; and
they demanded a more open coke, pushed on the “green side.”

Sizing the Sinter.—-Just as by-produet coke was first used as
run-of-oven coke after sereening out the coke breeze, so has
sintered ore been used after scieenimg out the fines which have
been used as “returns” in the <sinterng mixture. It has become
standard practice to size the by-produet coke and to cerush the
oversize  The author believes it will be neeessary to size ~sintered
ore in order to get the best results
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ROLL SCALE; MILL CINDER; OPEN-HEARTH SLAG; RESIDUUM

Roll Scale.—Roll scale is oxidized flakes of almost pure iron
formed during the rolling of hot steel in its various forms from
the big steel ingots down to thin sheets or threadlike wire.
Clean roll scale is almost pure ferric oxide, but the commercial
roll scale will have the chemically combined elements of the steel
that was rolled, plus the sand, grease, and dirt of the rolling mill.
A good roll scale, throughout a year’s shipments, actually con-
tained 70.44 per cent iron (dried at 212°F.) and 4.60 per cent
silica; the iron in natural state was 67.25 per cent.

The coarser roll scales, such as blooming mill, bar mill, and
rail mill, can be charged direct into the furnace, but the fine
scales, especially from wire and sheet mills; should be sintered first.

Mill Cinder.—Mill cinder is still produced in this country but in
much less quantitices than before the World War.  Although it ix
fairly high in iron (53 to 54 per cent iron), it is very high in silica
(24 to 28 per cent silica). The average analysis of a year's
shipments was as follows:

Islement Percentage

Fe 53 370
S10, 24 700
P 0118
Mn 0 33
Al O3 2 22
Ca0 0.45
MgO 0.10
S 0 09

The late E. A. Uehling once said that mill cinder melted
hefore it was reduced, and then it was reduced by the incandes-
cent coke. It used to be charged into the furnace in big blocks
the size of the little slag pots into which it was tapped at the
puddling furnaces. At one furnace plant the author installed a
jaw crusher which crushed the mill cinder to 1}4-in. size.

Open-hearth Slag.—For several reasons, open-hearth slag is a
desirable and profitable material for the blast furnaee, not only
for its iron content, but also for its manganese and its fluxing
value. This is particularly true of the slag when making ingot
iron in the open-hearth furnace.
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The analysis of open-hearth slag varies somewhat with the
materials used, with the kind of steel being made, and with the

practice. The usual contents are as follows:
Element Percentage

Fe 10 to 16
Mn 4 to 7

' CaO 43 to 48
MgO 6 to 8
Si0, 12 to 20
Al0; 2 to 8
S 0 16to 0 22
P 150to 235

In the making of ingot iron, which requires a hotter furnace
and a “yield factor” of 99.84 per cent iron, the slag is richer in
iron, varying in certain grades of ingot iron from a minimum of
22.78 iron up to 42.75 per cent iron with an average of 32.04 per

centiron.  An actual analysis of slag from an ingot iron heat was:
Element Percentage
CaO 33 20
MgO 7 20
ALO. 0 92
FeO 46 50
MnO 3 68
S 0 065
Fe 36 13
P.0; 0 88

At another plant making ingot iron, where the slag was

granulated, the analysis was as follows:

Element  Pereentage
CaO 34 01
MgO 8 51
S 0 093
FeO 40 25
MnO 4 26
Fe 31 27
P,0, 107

The actual value of open-hearth slag can be calculated by
finding the value of the total units of iron and of the total units
of manganese and adding these values to the value of the total
available lime in terms of limestone based on the prices of these
materials delivered at the furnace. Although some furnaces
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will use the crude-lump open-hearth slag, it is much better in
every way to granulate the slag as it is poured from the slag ladles
at the open-hearth plant.

The amount of open-hearth slag that can be used in the burden
varies, but 8 per cent has been found to work satisfactorily.

Residuum.—In the treatment of Franklinite for the extrac-
tion of the zinc there is a residue of iron and manganese which
is smelted in a blast furnace for the production of spiegel. The
slag from the spiegel furnace contains enough manganese to
make it a source of manganese, for those are mixtures which
contain only, or chiefly, the sintered magnetic concentrates.
One difficulty is that there is still a small amount of zinc left in
the slag, and zinc inside the iron blast furnace always gives more
or less trouble. A typical analysis of this manganese residuum is
as follows:

Element  Percentage

Fe 17 15
Mn 12 20
Zn0O + 10
Si0, 24 58
AlLO, 725
CaO 11 99
MgO 1.36

It is usually sold at so much per ton delivered at the blast
furnace.

STEEL SCRAP; IRON SCRAP

It has always been customary to charge back into the blast
furnace all the scrap that was produced in the manufacture of pig
iron, such as the runner scrap, the pig-bed scrap (now obsoletce
except at the few charcoal blast furnaces), the pig-machine scrap,
the ladle scrap, scrap from ‘“messes,”” iron-yard scrap, and “off”
iron. In many cases this kind of scrap is excessive and thought-
lessly wasteful; it can largely be prevented by thoughtful practice.

At integrated steel plants there is considerable serap that can
best be utilized in the blast furnace. For instance, the “clinker”
from the soaking pit of a steel plant was found to contain 84 per
cent iron, and it was 1.6 per cent of the total weight of ingots put
through the soaking pit; formerly thrown on the slag dump, this
is now recovered and sent to the blast furnace.
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Old annealing pots and annealing-pot scale are sent to the
blast furnace; the solid part contains about 96 per cent iron and
the thoroughly “burnt” scale about 73 per cent iron.

“Slag scrap” is the iron scrap recovered at slag-crushing
plants by the magnetic belt and pulley; it runs about 90 per cent,
or less, in iron. Some old slag dumps yield much of this kind of
serap.

Ladle scrap dug out of the dircet-metal ladles as they <skull up
and the ladle kish that is rabbled out of the ladles after every
cast or two are remclied in the blast furnace; sometimes the
clean picces are thrown hack into the hot ladle and melted when
the next cast is poured. The use of much of the kish containing
shots is questionable on account of the large amount of inert
carbon in the form of kish; it is likely that it produces dirt
troubles in the furnace.

Crop ends, mainly rail ends and bloom crops of basic open-
hearth steel have made up the furnace burden, with gravel,
dolomite and a small quantity of manganese ore, at one of the
blast furnaces of the Tennessee Coal, Tron & Railroad Company
in the Birmingham district for the manufacture of Bessemer pig
iron. There are no Bessemer iron ores available in Alabama.
This case of practically 100 per cent scrap for the burden is
described by R. H. Ledbetter in his paper ‘“Blast Furnace Prac-
tice in the Birmingham District.”’!

Besides the plant scrap that makes up part of the blast furnace
burden, miscellaneous scrap bought through regular scrap dealers
is used to enrich the ore mixture thus increasing the output of
the furnace. The usual grades of scrap sold to blast furnaces
are stove plate, borings, turnings, shovel scrap, busheling, alley
scrap, and all sorts of iron and steel scrap from rust up to clean
iron. .

The prices of the different grades of scrap vary greatly, ‘and
sometimes are higher than the market prices of pig iron. The
spread between the price of scrap and the price of pig iron has
a direct effect on the proportions of scrap and of pig iron used
in the open-hearth charge. When scrap for the open hearth is
high in price, scrap that is worth while for the blast furnace is also
high. The top price that can profitably be paid for serap for
the blast furnace mixture is about $4 per ton below: the price

1 Yearbook, Am. Iron Steel Inst., 1924.
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obtained for the pig iron. In the first place, scrap is not all iron
for instance, rusty borings contain 66 per cent iron and clean
borings 90 per cent iron; in the second place, serap is not melted
in the blast furnace, but is smelted, and the product is regular pig
iron regardless of the class of scrap that is smelted. Ledbetter!
said

. . . this operation should not be confused with that of the cupola.
Besides melting the scrap and slag forming constituents, it returns to
the metal all that was removed in the eonverter and the open-hearth
except the phosphorus. . . . From 900 to 1200 pounds of coke are
required to produce a ton of this iron.

Clyde E. Williams said?

. most cast iron scrap is lower in carbon, silicon and manganese
and higher in sulphur and phosphorus than normal basic pig iron and
so must sell for a Jower price. So-called ‘“‘burnt”’ iron scrap, grate bars
and castings of thin section, either are higher in sulphur or undesirable
in other ways and are still lower in price. Such scrap usually is not
taken for open hearth charges but goes to the blast furnace. Iron bor-
ings are a still lower grade, difficult to handle and readily oxidized.

The blast furnaces of this country consumed 2,086,000 tons
of scrap in 1936, of which 903,000 tons was purchased.?

BLAST FURNACE FUELS

Influences of Blast Furnace Fuels on Plant and Practice.—
Blast furnace fuels, charcoal, anthracite, raw coal, bechive coke,
and by-product coke, each in their turn, have had controlling
influences, not only on the art of smelting iron ores, but also
on the choice of the location of the iron blast furnaces themselves;
and also on the building up of the subsequent iron and steel
centers of this country. The influence of fuel in determining the
location of blast furnaces has been greater than that of the iron
ore itself, which is the essential foundation of the iron and steel
industry. It is a dual foundation, however—units of iron and
units of carbon.

It is obvious that there can be no iron smelting without iron
ores, whatever fuel may be used; but it has been a fact in the

! Yearbook, Am. Iron Steel Inst., 1924.

2 “The New Technical and Economic Importance of Iron and Steel

Serap,” Am. Iron Steel Inst., May, 1936.
3 Bur. Mines Pub. M.M.S. 550, May 28, 1937.
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history of iron making that the iron ore was either located at or
near the source of fuel supply or else the ore was transported to,
or toward the fuel.

The present modern blast furnace practice in America is built
up almost entirely around by-product coke as the fuel, and not
much remains of the influences of charcoal, anthracite, and raw
coal on the art of smelting iron ores, except some traces of the old
operating customs. In some cascs, like the Sunday shutdown
for instance, old customs have been put into present practice
and considered as something new. On the other hand, however,
the effects of the regional influences of these fuels still persist.
and, together with the influences incident to the making of
by-product coke, are the predominating factors in maintaining
the centers of the iron and steel industry where they now are.
And fuel will be the controlling factor in any future shifting of
these centers, even if the source of heat should be electricity.

In view of the present evident trend toward regional opera-
tions, it seems appropriate to take a look at the record of blast
furnace fuels in this country from the carly days of the colonies
down to the present time of the New Deal. Like many other
industrial developments, the centers of pig-iron manufacture
have moved inland and westward from the Atlantic Coast
The first continuing blast furnaces were built along the coast of
castern Massachusetts and Rhode Island, and from there they
spread across to the Salisbury district in southwestern Mas-
sachusetts and northwestern Connecticut, to the magnetic iron
ores of the Hudson Valley of New York and northern New Jersey,
and then to the valleys of eastern Pennsylvania.

For the first one hundred years after the settling of Massa-
chusetts, that colony led in the production of iron. For the next
two centuries, Pennsylvania held the leadership continuously,
up to the year 1932, when the state of Ohio made more pig iron
than any other state. Pennsylvania, because of its abundance
of charcoal, of anthracite, of block coal, and of coking coals, and
not because of its iron ores, important as they are, has led the
country in the production of pig iron throughout the successive
eras of these fuels; only in the production of pig iron made with
raw coal has any other state—Ohio—exceeded Pennsylvania.

Whether or not this leadership of Pennsylvania as a producer
of pig iron, held for nearly two centuries, has passed to Ohio
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only temporarily is a question that will be settled soon, probably
in favor of Pennsylvania, because Pennsylvania alone of all the
states has within its borders all five of the blast furnace fuels
that have so far predominated in the smelting of iron ores.

In the making of pig iron, as in many other things, we are now
in a transition period that may bring about as momentous
changes as in that period nearly one hundred years ago when
anthracite, raw coal, and coke were introduced as blast furnace
fuels all within the same decade. These three mineral fuels (two
of them being natural fuels) threatened the supremacy of char-
coal, which had been the only blast furnace fuel for two hundred
years; no other fuel predominated until 1855, when anthracite
took the lead for the next twenty years.

Four Periods of Blast Furnace Fuels.—There have been four
distinet blast furnace fuel eras in this country from the days
of the first colonial blast furnace down to the present time, as
follows:

The charcoal period from 1645 to 1855
The anthracite period from 1855 to 1875
The bechive coke period from 1875 to 1919
The by-product coke period from 1919 on

The periods are divided according to the annual tonnage of
pig iron made with each fuel. Swank (U. S. Census, 1880)
designates the total period previous to 1840 as ‘“the charcoal iron
era,” but inasmuch as charcoal iron predominated till 1855 it
seems to be more fitting to extend the charcoal period up to the
year when anthracite pig iron surpassed charcoal pig iron in
tonnage made, 7.e., the year 1855. The fuels overlap and it is
interesting to note that charcoal pig iron has persisted throughout
all four periods.

No separate period is designated for raw coal, which began a
little later than the other ‘“‘natural” fucl (anthracite) and the
building of strietly raw-coal blast furnaces ended sooner (in
1887). For a while it was possible to keep the records of raw-
coal furnaces separate from the coke furnaces, but for over half a
century the statistical reports have listed all bituminous coal
(raw coal) furnaces under the same heading as the coke furnaces.
Except in rare cases, such as in Jackson County, Ohio, where
there is still some of the Sharon No. 1 coal, no raw coal (either
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hard or soft) is used as blast furnace fuel, in spite of the excellence
of the pig iron made with it.

Characteristic Effects of Fuels on Pig Iron.—The fuel used
in a blast furnace to make pig iron imparts to that pig iron
certain characteristics and qualities that seemingly are outside
the effects from the chemical constituents of the other raw mate-
rials used and independent of the practice in handling the opera-
tions of the furnace. There have been many attempts to discover
just what this “it”” in pig iron really is, but so far there have
been no published reports of success. This is particularly true of
charcoal pig iron.

Statements have been made at sundry times, especially by
the late Dr. Richard Moldenke, that the quality of pig iron has
been deteriorating with the successive changes in the fuels used,
and in the order as on page 113. This decline in quality was
accompanied by increasing tonnage as the fuels changed from
charcoal to the natural fuels (anthracite and bituminous coal),
and then to beehive coke and by-product coke. There were also
several other changes in blast furnace practice that affected
tonnage and possibly the quality of the pig iron, especially the
big increase in hot-blast temperature and in the diameter of the
furnace hearth.

Although the word ““seemingly’’ is used above to modify the
statement about the characteristic effects of the different blast
furnace fuels, the author is strongly of the opinion that the fuel
itself imparts a certain ‘“ personality’ to the pig iron that appears
to be hereditary and firmly fixed in the metal, a personality that
remains in the iron even when it goes through the foundry or
through the steel plant to its final product. It is realized that
such a theory can exist only until the positive facts are made
known. Morgan! says, “Although the production of pig iron
is very simple in principle, the changes, chemical and physical,
which the material undergoes in the blast furnace are many and
complicated, and not altogether understood. Many can only
be guessed at.”

The art of making pig iron has undergone many changes in the
past hundred years, and most of these changes were brought
about by changes in the theories of the smelting of iron ores.

! MORGAN, J. J., “Blast Furnace Practice,” C. Griffin & Co., Ltd., London;
J. B. Lippincott Company, Philadelphia, 1910.
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It is surprising to see how far the manufacture of pig iron pro-
gressed in the pioneer days in this country, before the chemist
became a part of the blast furnace organization and before the
combustion of fuels in the hearth of the furnace had been studied.

At the early charcoal furnaces, and even when anthracite was
first used, the steam plant and the hot-blast stoves were erected
on top of the furnaces because no one believed that the hot
waste gases could be brought down fo the ground.

Charcoal.—‘No other fuel than charcoal was used in United
States blast furnaces until about 1840,”’! and many small charcoal
blast furnaces were built throughout New England and in all
the other colonies, and later in every state cast of the Mississippi
River. with the single exception of Florida. The total produc-
tion was not great, even for all of the first hundred years, through-
out which Massachusetts was the greatest pig-iron producer, and
even as late as 1810 the annual production for the whole country
was only 53,808 tons of charcoal pig iron.

Throughout the period which Swank called the ‘charcoal
era,” previous to 1840, it is certain that the making of iron was
confined to those regions that had enough timber to supply wood
for the charcoal used in the little blast furnaces. The records
show that these furnaces were near enough to the charcoal pits
so that all the fuel could be hauled in oxcarts. In modern times
there have been cases where the wood, and even the charcoal,
was transported considerable distances in railroad cars. At
the largest charcoal blast furnace in the world, operated by the
Algoma Steel Co., Sault Ste. Marie, Ont., in 1905, a part of the
charcoal was hauled over the Algoma Central Railroad from
the brick charcoal kilns erected in the forest 25 to 30 miles away.
The wood supply could not keep up with the furnace when it
demanded a cordWood pile half a mile long every 24 hr.

The regional influence of charcoal as a blast furnace fuel was
positively decentralizing; for nearly two centuries it was a frontier
industry supplying the local market with ‘“hollow ware” and
blooms for the blacksmiths and nailers. Lewis Mumford in his
“Technics and Civilization,” calls it the ‘Eotechnic Era.”
Usually the furnaces were built along the ridges and “‘coves”
of the Blue Ridge and Allegheny Mountains, far away from the
centers of population.

1 James M. SwaNK, 10th Census of Umted States, 1880, Part II, p. 59.
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Charcoal is unique in that it is the only fuel that can perpetuate
itself (by reforestation and cutting in rotation every 15 to 20
years); it makes the highest quality and purest pig iron; it
requires the greatest amount of labor, all of which is above
ground.

Charcoal for blast furnace fuel is made from cordwood by low-
temperature distillation in by-product retorts, in brick kilns,
and formerly in heaps covered with earth called ‘meilers.”
Hardwoods, such as maple and birch, make the best charcoal for
blast furnaces, but softer woods can be used. The best charcoal
is made when the trees are cut before the sap comes up and the
wood is stacked in cordwood piles to dry out. Charcoal is an
ideal fuel; its low combined carbon and high volatile matter
make its reactivity the greatest of all the blast furnace fuels.
Some actual analyses are as follows:

Mois- | Vola- | Fixed

Kind ture, tile, |earbon,/Ash, %| S, % | P, %

%o Yo ‘o
Maple—body wood ..| 027 | 24 27 | 71 53 | 3 93 | 0 037 | 0 020
Maple—small limb .. 014 | 29 80 | 63.95 6 11 | 0 031 | O 030

Maple—body wood—
bottom of car

KElm—body wood .

Birch—body  wood—

23 89 | 74 02 1270034 | 0011
73 | 23.28 | 75 84 1150030 | 0018

(==
g

bottom of car 0982201 | 7704 097 | 0 045 | O 009
Maple—bark 10025596249 | 1092 | 0 160 | 0 056
Iron wood. . ..| 058 |27 50| 70 33 1590027 | 0 015
Fine charcoal dust . ..| 20 35 | 13 69 | 54.77 | 11 19 0.078

The ash in a sample of charcoal from the stock-house bins was
2.90 per cent, and contained 0.55 per cent silica, 0.60 per cent
alumina plusferric oxide, 1.15 per cent calcium oxide, 0.50 per cent
magnesium oxide, 0.07 per cent alkalies, 0.03 per cent phosphorus.

The largest charcoal blast furnace ever built and operated
on 100 per cent charcoal was No. 1 furnace of the Algoma Steel
Company at Sault Ste. Marie, Ont., which made the world’s
record of 173 tons of pig iron in 24 hr. The stock went through
the furnace in 5 hr.; the Bessemer pig iron made that day aver-
aged 1.49 per cent silicon and 0.014 per cent sulphur. Thix
furnace is shown in Fig. 57.



In an article, “Charcoal and Coke as Blast Furnace Fuels'™!
the author gave a description of this furnace and a comparison
of its performance with that of a coke furnace on the ~ame ore
mixtures; and also a comparizon of the performance of No |
furnace on charcoal and on coke and on part charcoal and pant
coke.

Fre. 57.—The world’s largest charcoal blast furnace, Algoma No 1 (1905).
The advantages of charcoal over coke are:

1. The furnace consumes considerably less chareonl than coke per ton of
pig 1ron. .

2. Only one-third as much hmestone per ton of pig aron s required m a
charcoal furnace.

3. The amount of blast required tor a charcoal furnace s only about
65 per cent of that for a coke furnace ot the same productive enpacity.

1 Trans. A.I.M.E., vol. 39, 1909.
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4. The “critical temperature’” in a charcoal furnace may be lower than
in a coke furnace.

The two serious disadvantages of charcoal are, first, the
difficulty in getting a sufficient supply of good charcoal (it takes
a cordwood pile half a mile long to make enough charcoal for
150 tons of pig iron in 24 hr.); second, the readiness with which
charcoal catches fire; even in the upper part of the furnace there
is danger of trouble if the furnace makes a heavy slip when using
dirty charcoal. These two disadvantages can be overcome.

Anthracite Coal.—Although charcoal was plentiful in all the
states that had iron ores, there were only two states having
anthracite coal deposits, Rhode Island and Pennsylvania. An
unsuccessful attempt to use Rhode Island anthracite in place of
charcoal was made as early as 1827. Several other attempts
were made in this country and abroad to use anthracite as blast
furnace fuel, but they all failed, till Dr. F. W. Geissenhainer, a
Lutheran minister, of New York City, successfully used anthra-
cite in his valley furnace on Silver Creek, near Pottsville, Pa.,
in 1836.

This first practical use~of anthracite was in a region where
iron ore was found near anthracite coal that could be satisfactorily
used as blast furnace fuel; some other attempts failed because
the anthracite was not the right sort for blast furnaces.

The use of anthracite as a blast furnace fuel progressed rapidly,
but the use of bituminous coal and coke went ahead so slowly
that Frederick Overman said,! ‘“But few blast furnaces work
coke in this country . . . as there is ‘but little prospect of an
addition to the number of coke furnaces which now exist, we
shall devote but a limited space to this subject.”

The valley of eastern Pennsylvania, tapping the anthracite
region, became the center of the iron industry, and Pennsylvania
continued to hold the leadership which has been maintained ever
since until the year 1933. With anthracite, however, its regional
development was not so restricted as with charcoal, because it
could stand transportation by canal boats away from the coal
mines. This enabled the iron industry of New England, New
Jersey, and New York to use anthracite; some anthracite was
shipped as far west as Wisconsin and Michigan, but the domi-

1“The Manufacture of Tron,” Philadelphia, p. 174, 1854.
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nance in the iron industry remained in the Lehigh, Schuylkill,
and Susquehanna valleys, close to the supply of anthracite.

This regional supremacy of anthracite coal in the iron industry
continued until the year 1875 when the tonnage of pig iron made
with bituminous coal and coke surpassed that made with anthra-
cite. The regional strangth of the Pittsburgh vein of coking
coal was too strong, and the center of the iron and steel industry
gradually passed over the Allegheny Mountains to western
Pennsylvania.

The influence of anthracite furnace practice was carried to
other sections of the country by men brought up and trained in
the valleys of eastern Pennsylvania and was felt in the South at
Birmingham and Johnson City, and in Ohio and Wisconsin.
But anthracite practice was “too slow’” and soon gave way to
the faster driving practice with beehive coke.

The last furnace to use 100 per cent anthracite was Alburtis
furnace, of the Thomas Iron Co., in January, 1914. Carbon
Iron Co.’s Parryville furnace used a little anthracite mixed with
coke in 1923.

Atavism in blast furnace practice has always prevailed, and
in passing from charcoal to anthracite, the blast furnacemen of
1840 were confronted with a much greater problem than were
the blast furnacemen of the first decade of the twentieth contury
when they passed from bee-hive coke to by-product coke.
Anthracite for blast furnace fuel made great gains in tonnage
and within fifteen years from its introduction it outstripped
charcoal in the production of pig iron. It took by-product coke
about twice as long to gain predominance as a blast furnace
fuel.

One great advantage of anthracite was the fact that it is a
“natural” fuel, whereas charcoal and coke are the products of a
distillation process and, consequently, require a more or less
extensive plant. Only a part of this advantage of anthracite
was recognized during the era in which anthracite played such
an important part in the development of the iron and steel
industry of this country. Even today, after years of depression
and research, the characteristics of anthracite as a metallurgical
fuel are not fully recognized.!

1 See author’s paper, ‘“Blast Furnace Fuels-Anthracite Coal,” T'rans.
A.I.M.E., vol. 116, p. 53. ’ .
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Anthracite was filled into the furnace in big lumps without
sizing; later steamboat-size and broken-size coals were used.
Although ‘““broken” anthracite (43¢ by 314 in.) was the recog-
nized blast furnace fuel, the author believes that egg anthracite
would give excellent results.

Some broken anthracite used in a blast furnace mixed with
coke in 1933 had the following dry analysis (St. Nicholas breaker,
sample of 7 cars):

Item - Percentage
Volatile 2.54
Fixed carbon . 88 05
Ash . . 9 27
Sulphur 0 70
Phosphorus 0 044
Iron 0 50

Block or Raw-coal Furnaces.—Block coal, the other ‘“natural”
blast furnace fuel, was more scattered in its sources than anthra-
cite, and during the early years of its use raw-coal blast furnaces
were erected in nine different states. In nearly every case, the
furnace was adjacent to the coal mine. The 70 strictly raw-coal
blast furnaces were built during the 43 years beginning with
1845, when three small furnaces, two in Mercer County, Pa.,
and one in Mahoning County, Ohio, were built to smelt the
local iron ores with the local block coal.

The most important regions using raw coal were the Hocking
Valley and Jackson County regions of Ohio where the No. 1
Sharon seam of coal was most abundant. More than a third of
the 70 raw-coal furnaces erected in the country were built in
that part of Ohio during the 30-ycar period beginning with 1858.

With the exception of two furnaces in Jackson, Ohio, making,
Jackson County silvery iron, there are no blast furnaces now
using raw coal, and these two use it mixed with coke.

On the whole, the influence of raw coal was the least of all
the blast furnace fuels, and its use was gradually abandoned in
favor of beehive coke.

Pig iron made with raw coal has always been considered to be
of very high quality, as is shown by the quality prices now
obtained for such irons made in Scotland.

Beehive Coke.—It was beehive coke and the railroads that
made possible the great expansion of the iron industry in the
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decade beginning 1870. During the 10-year period of 1870 to
1879 inclusive, more blast furnaces were built in this country
than in any other decade; it is true that the capacity of the blast
furnaces was small compared with those of a later period, but
it is the numbers of separate new blast furnaces built that is
significant. The new furnaces built in this decade are here
tabulated.

NuUMBER OF Brast FurNices Buinr v 1870-1879 Decabe

Charcoal 68
Anthracite 75
Raw coal . 24
Coke 79

Total . 246

Much time was devoted to attempt to use coke in the blast
furnace, and much money was spent a hundred years ago before
the right kind of coal and the right kind of treatment were found,
and it was not until 1875 that beehive coke beeame the standard
blast furnace fuel in this country. The Pittsburgh seam of coal
in western Pennsylvania is one of the largest and best bodies of
coking coal in the world, and Connellsville coke for many years
was the standard blast furnace fuel.

The Connellsville ovens were built in double blocks from 100 ft.
to a quarter of a mile in length with a loading wharf on either
side; a single block in West Virginia is shown in Fig. 58. The
ovens werc shaped like a beehive about 5 ft. inside height and
11 to 12 ft. inside diameter at the bottom. The coal was charged
through the round door at the top, and the coke drawn out by
hand through the door on the side. The ovens were first heated
red hot with wood fires, and then the raw coal (usually slack
size) was fed in at the top and allowed to coke for 24 hr., during
which time practically all the volatile matter was driven off.
The door was closed up with loose firebrick and the rate of
burning controlled by the draft. The volatile matter made a
very dense smoke over the whole region and all the valuable
by-products were wasted.

An oven held 3 to 4 tons of coal, and the yield was 62 to 66
per cent, according to the amount of volatile matter in the coal.
The charge of coal was 3 ft. deep for 48-hr. coke and 415 ft.
deep for 72-hr. coke (foundry coke).
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The Old Basin coal of the Connellsville region made coke
that analyzed as follows:

Item Percentage
Mossture .. e e 0 30
Volatile matter . . e 0 46
Fixed earhon A 89 /7
Ash R 9 11
Sulphur 0 82
Phosphorus 0 014

Such coke was strong and hard, with well-developed cell structure,
silvery in color, and with a metallic ring. In those days the

Fra. 58.  Bechive coke ovens, West Virgia,
£

large columnar structure was desired, and “sized” coke was
unheard of.
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Gradually, the low-ash coking coals in the Connellsville region,
like the high-grade lake ores, were used up and the ash in the
‘““standard Connellsville” coke went up to 12.50 per cent and
the fixed carbon correspondingly lower, and the sulphur over
1.00 per cent.

Pocahontas coke was softer, dull in color, and much lighter in
weight, but the ash and sulphur were much lower. Good
Pocahontas- coke would have 90.87 per cent fixed carbon, 6.67
per cent ash and 0.62 per cent sulphur; very poor Pocahontas
coke would have only 80.79 per cent fixed carbon and up to
16.54 per cent ash. Some Pocahontas coke would have only
0.0050 per cent phosphorus, and such coke was desirable for
making low-phosphorus pig iron.

East Broad Top beehive coke ran about 85 per cent fixed
carbon, 12.50 per cent ash, 1.40 per cent sulphur, and 1 per cent
volatile matter.

It was thought that beehive coke, like anthracite, was an
obsolete fuel, but much was made for blast furnaces in 1937.

By-product Coke.—By-product coke’s present supremacy as
the blast furnace fuel of modern practice is almost complete, but
it has been a harder fought battle than any of its predecessors,
and it took a longer time to bring it about. Its regional influence
in the location of new blast furnace plants and in the creation of
new steel centers, and in maintaining old ones, has probably been
greater thanthat of any of the other blast furnace fuels.

Charcoal, raw coal and anthracite were decidedly local in their
regional influence and the blast furnaces using them were
generally restricted to the vicinity of the supply, only less so in
the case of anthracite. With beehive coke, there were metal-
lurgical and freight obstacles to having too great a distance
between the coke ovens and the blast furnaces.

In the case of by-product coke most of the freight haul is on
the coal, often by water transportation, and there is such a
division of costs apportioned to gas, by-products and coke that
it can be advantageously used where beehive coke would be
prohibitive. The economic and metallurgical advantages of
by-product coke over beehive coke have brought about the
gradual extinction of the beehive ovens, although a few are still
in operation. It is hardly possible that our present civilization
will again tolerate the wholesale pollution of the atmosphere of a
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whole region with the wasteful smoke of banks of beehive coke
ovens.

There were many strange happenings among the blast fur-
nacemen during the long period of acquiring the t&-hnique of
by-product coke. The coke-oven men knew nothing about the
requirements for blast furnace coke, and the furnacemen could
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F16. 59.—Products from the by-product coking of a ton of econl (Cenlial
Research Bureau, 1915)

not give specifications in terms that the coke-oven men could
interpret. Those troubles are past, and other things being equal,
it is probable that the advantage of loeation will be with those
steel plants having the lowest transportation costs on their
coking coals. Thus it will be possible for Pennsylvania to hold
the two-century leadership as the premier iron and steel pro-
ducer, because in Pennsylvania are the greatest supplies of
anthracite, or coking coals, or steam-made electricity.
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At the present tune by-producet coke for blast furnace fuel 1=
made in high temperature ovens; the principal types used m this
country are Koppers, Semet-Solvay, Wilputte, which vary in the
design for heating the ovens with the gas from the coal charged
into the long rectangular retorts, or ovens which are heated to a
temperature of about 2000°F. The kinds and amounts of the
many by-products which are recovered from the volatile portion
of the coking coals are shown in Fig. 59. The general arrange-
ment, of a modern by-product coke plant is shown in Fig. 60.

Fie. 60.—By-product coke plant under construction  (Courtesy of The American
Rolling Ml Co.)

It 1= =eldom that any single coking coal is usced by 1tself to
make by-product coke; usually two or more kinds of coal are
mixed in definite proportions, for cconomical and metatlurgienl
reazons, m order fo give the desired characteristies to the furnace
coke. Not only do the coals themselves influence the character
of the coke, but each detail of operation has its own effect: the
degree of pulverization (Je, the pereentage of coal passing
through '¢-in. sereen), the amount of moisture in the coal, the
femperature ot the oven, the length of the coking time, the regu-
larity of the pushing ~chedule, the manner of quencelimg and the
amount of water used, the carefulness of the sizing and screening,
and the way in which the coke i< handled from the time it leaves
the coke plant until it is dumped into the top of the blast furnace



126 BLAST FURNACE PRACTICE

—all these and other little details affect the quality and character
of by-product coke.

In going from beehive coke to by-product coke, it was natural
that blast furnacemen would specify similar qualities such as
hardness, low sulphur, and firm cell structure, and large pieces
like the Connellsville coke. At first the coke-oven men took the
stand that by-product coke was something new and that blast
turnacemen should learn to use just what was given to them by
the coke-oven men. The many troubles incident to such an

l4g. V1.~ NOoppers COKe-oven pianrt, 1tamuton, Lo (Caurtesy o] IThe .dmarican
Rolling Y Co )

attitude brought about the formation of the Southern Ohio Pig
Iron & Coke Association during the World War, and the blast
furnacemen and coke-oven men cooperated =o successfully that
the technique of making ~atisfactory furnace coke in by-produet
ovens was worked out with mutual henefits.  By-product coke
ha~ been the predominant blast furnace fuel since 1919,

Beehive coke predominated for 44 years. How long by-prod-
uct coke will prevail is not wise to predict.

Only under special conditions is it now possible for o blast
furnace to be profitably operated unless it is directly connected
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with a by-product coke plant having a satisfactory market for
all its coke-oven gas. The few blast furnaces now in active con-
dition in this country not so connected are only ‘‘marginal”
plants and can run only in prosperous times.

Fia. 62.—Koppers-Becker underjet  coke-oven plant.  (Cowrtesy of Koppers
Company.)
The products from 1 ton of coking coal coked in a by-product
coke plant making blast furnace coke and selling domestic coke
are as follows:

Product . Amount
Furnace coke R L 0 38 ton (2000)
Domestic coke .. 0 32 ton (2000)
Coke breeze .. 0 05 ton (2000)
Tar. . 10 gal.

Motor benzol 2 8 gal
Ammonium sulphate 24 Ib.
Surplus gas . 6,500 cu. ft.

In cases where blast furnace gas is used for underfiring the
coke ovens (to be deseribed in a later chapter), there is released
for sale all the coke-oven gas ordinarily used for heating the coke
ovens  about 4,500 cu. ft., makig a total ot about 11,000 cu. ft.
of coke-oven gas with a calorific value of about 540 B.t.u.
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The present practice of sizing coke for blast furnace fucel
includes the following classification:

Furnaee cohe through 4 m to 3 m on 1} m. to 1in,
lpg cohe Domestie through 33 moon 13 m.,

Nut cohe  Domestie through 13 m on 1,

Pea cohe  Domestie through 1 m, on 3 1,

Breeze through U n

Analyscs. Sumpling, Testing Coke.—~The analysis of by-product
coke for blast furnace fuel varies greatly in the percentages of

5

F16. 63.-- Cross seetion of Koppers-Becker underjet coke oven  (Couilisy of
Koppers Company.)

ash and ~ulphur according 1o the coking coals used and according
to the extent to which the responsible management s cognizant
of the wastetulness of cach exeess pereentage of ash in the coking
coals, a~ will be <hown m the next seetion. A high-grade
by-product coke will have the following anlysis:

Contents Percentage
Moisture . | to 2
Fived carbhon 90 to 92
Volatile matter I 5010 2
Ash 7 to 45
Sulphu 06 to 0.45
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Some blast furnace managers believe in hard-burned coke with
the volatile matter under 1 per cent; but the majority of furnuce
men have found that coke pushed on the “green side,” 7.e., with
volatile matter between 1.50 and 2 per cent, gives bettcr results
in the blast furnace. Coke with black ends and “spongy’ coke
are not desirable as they are conducive to coke breeze inside the
furnace and to solution losses in the upper part of the furnace. |

Fic 64.—Semet-Solvay coke-oven plant. (Courtcsy of Nemcl-Soleay Enginec e
g Corp )

Many by-product cokes are much higher in ash and sulphur
than the example aboyve; some actual analyses follow:

i | ! |
Mois- ' Fined [ Volatile ! Al sl |
) ) H ARh uiphur
Type ture,  carhbon, " matter, ) phun

-
¢ ¢ [ o ‘
o .0 . o

:
!

8761 101

Birmingham 3 90 ! 88 70 ' 1 00 lt

Bunnngham J 8y 43, 161 | 1296, 0 80
Klondike coke . ‘ 408 | 8678 i 131 ‘ 1180 112
Freeport cohe 383 . 8652 141 | 1196 110

The best place to sample furnace coke is off the loading helt
as the cohe goes from the sereening plant to the railroad cars,
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A box or big scoop on a long handle is passed through the stream
of coke at intervals throughout cach 8-hr. shift, collecting about
15 Ib. at a time. The samples arc accumulated in a covered
metal can and broken down and quartered at the laboratory.
Moisture is determined in one portion of the sample by heating
in a drying oven kept at 105°C. The standard moisture content
is “not over 3 per cent,” and in some cases the weights of coke
shipped to the blast furnace are adjusted to 3 per cent moisture,
by deducting the weight of all moisture above that amount.

The sampling of coke alrcady loaded on cars has to be done
sometimes, but it is not so satisfactory as sampling from a stream
of flowing coke. The cars are sampled on top in the usual
manner of sampling coal and ores in cars.

If coke samples are ground down too fine on a ‘““bucking
board,” there is danger of getting some metal from the muller
and the plate which will increase the percentage of ash and
phosphorus falsely.

At many blast furnace and coke-oven plants it is the practice
to make daily tests of the porosity and combustibility and to
make shatter tests for toughness and sizing. Some furnacemen
dispense with these tests and speeifly certain sereen size for the
furnace coke and freedom from all coke breeze, and then depend
on “what the furnace says’ as to whether it is the right kind of
coke. There are not yet enough data concerning the combustion
of coke inside the blast furnace to justify hard and fast rules as
to the specifications for blast furnace coke.

BENEFICIATION OF COKING COALS

Some coking coals are so clean that they can be charged into
hy-product coke ovens without any cleaning, but most of the
coals that have good coking qualitics must be beneficiated by
some cleaning process, cither wet washing or pneumatic eleaning,
50 as to reduce the ash and sulphur. Every coal has a certain
amount of inherent ash and a certain amount of organic sulphur
that cannot be removed by any cleaning process. Slate partings
in the coal seam, bone, sand rock, and pyritie sulphur can be
removed from the coal by proper crushing and cleaning.

Wet washing of coal is done with jigs; launder washers; wet
concentrating tables; tubs and cones; thickeners and classifiers;
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flotation systems and dryers. The dry methods of cleaning
include hand-picking; Bradford breakers; Sutton, Steele and
Steele dry tables; the St. Benedict dry cleaner of Peale, Peacock
& Kerr; and the dry table of Roberts & Schaeffer Company.

In Alabama the wet jigs are the usual equipment followed by
natural drainage of the water from the wet coal loaded on cars.
Figure 65 shows the coal-washing plant at Woodward, Alabama.
There is considerable moisture in the coals charged into the

1a 6 Coal-washing plant at Woodward, Ala. (Courtesy of Wooadward Iron
Company )

ovens, unless driers are used.  The Rheolaveur washer is the
hest known of the launder type washers (current washers), and
has large capacity; the very fine coal trom this system is dried
in revolving driers.

No one coal-cleaning process is adaptable to every coal, and
the right system must be found by studies and by applying the
washability-test procedure to the coal to be beneficiated.

Evaluation of Coking Coals.-—All the ash in the coal coked
remains in the coke; a part of the sulphur in the coking coal
passes off in the by-products, and only a certain amount remains
in the coke. Inasmuch as coke with low ash and low sulphur is
better for the blast furnace than high-ash, high-sulphur coke, it
is evident that the value of the coking coals will vary in pro-
portion to their ash and sulphur contents. The author found
that 1 per cent of ash in a ton of coking coal will increase the
cost of pig iron by 30 cents a ton when conditions are ax shown
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in the comparison, Table 11, which is from actual operation data
where it took 1.45 tons of coal to make a ton of coke.

TasLE II.—ComPARISON oF Piro-iroN (Cosrs

Ash in Ash in Fixed earbon | Coke per ton | Pig iron per
conl, % coke, % in coke, 45 of pig, b, day, tons
6 00 8 70 89 80 1,800 365 0

7 00 10 15 ! 88 35 1,860 353 2

Coke with 8.70 per cent ash:

Cost per Ton

of Pig

Ore nmuxture—- 4,144 1h.— 1.85 tons at $5 50 $10 17
Coke—1,800 1h.-—0.90 ton at $6.50 5 83
Limestone—~ 1,000 1h.—0.50 ton at $1.50 . 07
Labor—$%365 per day for 365 tons 1 00
Supplies and service —-$250 per dny 0 68
Overhead—-$200 per day 0 55
Reserve for relining and depreciation . 1 00
Total cost Co $20 00

C'oke with 10.15 per cent ash:

Ore mixture— 4,144 Ib.—1.83 tons ut $5.50 $10 17
Coke—1,860 1b.—0 93 ton at $6.5 6 05
Limestone— 1,034 1h.— 0.517 ton at $l..‘;0 0 77
Labor—%365 per day for 353.2 tonx 1 03
Supplies and service—$250 per dav 071
Overhead—$200 per day 0 57
Reserves for relinig and depreciation 1 00
Total cost with 10.15 per cent ash %20 30
Total cost with 8.70 per cent ash 20 00
Increased cost $ 0 30

In both eases 1t took 1.45 tons coal per ton fuinace coke,

Nore. This was first publhished 1n Iron T'rade Reriew, June 4, 1925, p 1446, and later Ralph
Hayes Sweetser, " Clean Coul,”” Penton Pubhisling Co, Cleveland, Oho, 1927

This table has become the basis for evaluating the prices of
coking coals and for estimating the economics of the cleaning of
coal.

BLAST FURNACES FLUXES

The blast furnace process requires a slag which removes all
the carthy materials in the ore and fuel and which forms a molten
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magma for dissolving the caleium sulphide in which sulphur
leaves the iron and goes off in the slag. Lime (calcium oxide,
CaO) is essential in a,blast furnace flux, and it is usually provided
in limestone, dolomite, or seashells (obsolete).

Flux stone is so widely scattered over the country that it has
heen usual to select the nearest quarry, whether it be calcite
(CaCO;) or dolomite [(Ca Mg) COsi, or, as formerly, near
Baltimore, oyster shells, as the source of supply providing it was
pure cnough; but as blast furnace practice has become more
refined, it has been profitable to obtain the right kind of flux
stone, even if it meant a higher cost and a longer freight haul.

Blast furnace flux will not remove phosphorus from the pig
iron; it takes out at least 15 per cent of the manganese and only
that part of the silica that is over the amount desired in the
pig iron.

At one time the flux at Sparrows Point, Md., was half calcite
and half oyster shells which was a poor combination because the
shells contained no magnesia.  Oyster shells could be bought for
half the cost of limestone but made an unsatisfactory slag, even
though they were almost pure calcium carbonate.  Oyster shells
were used at the small blast furnaces near Chesapeake Bay,
especially the charcoal furnaces.

An analysis of shells used at Muirkirk furnaces was as follows:*

Contents Percentage
Carhonate of hme 94 48
Carbonate of magnesia 0 94
Insoluble 2 54
Sulphure acid 0 80
Phosphoric acid 0 06
Alumina and ferrie oxide 0 53
Soda 0 65

Total . . 100 00
CALCITE

Calcite limestone is the usual and also the most effective of
the blast furnace fluxes; it varies greatly in its purity and its
physical structure. The crystalline caleite, although very pure,
is not desirable because it crumbles too casily and the fine dust
is carried over in the waste gas.

LV Trans. A I.ME., vol. 17, p 471.
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The usual impurities in limestone are silica and alumina;
sometimes a little sulphur in the form of sulphate; in some
sections of the country zinc is present in troublesome amounts.
In the making of low-phosphorus pig iron, it is essential that the
phosphorus in the flux stone be very low; some calcite (northern
Michigan) has only 0.001 per cent phosphorus.

It has been thought that barium would be advantageous in
blast furnace flux, but, pound for pound, the carbonate of
caleium is the better flux. The atomic weight of calcium is 40,
of barium, 137. Wood and Joseph found that “BaO is about
one-third as effective as an equal weight of CaO in removing S
and in fluxing 8i0, and Al,O5.”’!  If bartum is present in the ore
it is helpful, but barium in a flux stone is not worth the cost. In
using a limestone for the first time it is necessary to make a
complete analysis; it may contain deleterious minerals.

The “available lime” in a flux stone, whether it be a calcite
or a dolomite, is the percentage of CaO 4+ MgO that is left after
satisfying the Si0O; + AlO; in the limestone itself. Blast fur-
nace slags usually have a ratio of 1:1 of SiQ; 4+ Al,O; to CaO) +
MgO, and for every pound of SiO; + Al,O; in the flux stone,

there is required a pound of CaO + MgO to flux it. Therefore,
the less SiO, and Als(); in a flux stone the better it is.
Actual analyses of calcite limestone are as follows:
810.] Fe, | P, [ALO,, . L 100y s, [ ALOL +
Location o, “ ‘o o Ca0, 7| Mg, o .o Fe.0,
Marble Chff, Ohto 1.76/0 200 006 0 45 | 50 59 | 3 43 |43 45/0 05
Northern Michigan 0 57 0 001 (CaCO.)|(MgCOs)| .. [0 013] 0 46
96 79 | 160 l
East Tennessee 2 56 0 005 91 69 4 77 | 0 84
Western Pennsylvania | 4 44/0 590 023| 3 00 90 02 1

The controversy among blast furnacemen and chemists as to
whether calcite or dolomite is the more efficient flux stone has
It is natural for the furnaceman
to make the best of the flux stone nearest at hand and lowest in

been going on for niany years.

cost.

later chapters.

! Trans. A.I.M.E., vol. 84, p. 126, 1929,

The chemical phases of this question will be discussed in
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It has been found that a pure caleite is not satisfactory;
sometimes the addition of a true dolomite has helped to solve
serious blast furnace troubles. It is better to have a flux stone
with a small amount of carbonate of magnesia already a natural
part of the calcite stone; the Columbus limestone from Marble
Cliff, Ohio, is such a limestone and has been found to be a most
satisfactory flux, especially when prepared as described under
“beneficiation.”

Dolomite.—Dolomite was the favorite flux stone in the Lehigh
Valley, probably because it was ecasiest and cheapest to get.
Technical papers proving the superiority of dolomite over ealeite
have been published ever since the days of Ledebur.  Advoeates
of caleite limestone point to the dangers of spinel, an almost
infusible combination of magnesia and alumina, according to
the formula MgO.Al,O;, which is apt to form in slags where
magnesia and alumina are both high. Firmstone! said that *‘it
seems that when the magnesia in the cinder is high-—say 20 per
cent or more—-then, in the absence of further data, any increase
in the alumina above 109, should be made cautiously.”

In The Iron Age, June 27, 1918, there is a short article ““Spinel
in Blast Furnace Slags,” which quotes A. Marshall Le Tellier,
chief chemist, Wickwire Steel Company, who said in part:

This impurity occurring with the silica from the slag (when analyzing
a slag) is a definite compound of magnesium and aluminum called
spinel, and known to the chemists as magnesiuni aluminate, having the
formula Mg(AlO,).. This compound or substance theoretically con-
tains 28.29 per cent magnesia and 71.71 per cent alumina, and by actual
analysis covering months of blast furnace practice the substance was
found to always occur in this proportion . . . the conditions favoring
the formation of spinel in blast furnace slags are three, as follows:—
The magnesia content must be over 10 per cent, the alumina content
must be over 12 per cent and the silica content must be not more than
33 per cent.

As will be explained later on it is the caleium, and not the
magnesium, that combines with the sulphur when the slag and
the iron are in the molten state inside the blast furnace and forms
calcium sulphide (Ca8). The function of magnesium oxide is to
lower the melting temperature of very basic slags, and “to

1 Prans. A.I.M.E., vol. 24, p. 505, 1894.
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permit the use of higher basicity than would otherwise be
possible.”t  These authors say further in their excellent paper
‘“Relative Desulphurizing Powers of Blast Furnace Slags” that
“MgO has been found to be slightly deleterious to desulphuriza-
tion of acid slags. The effect becomes increasingly undesirable
as basicity is increased to that of slags of average composition.
The presence of MgO, however, is decidedly favorable to desul-
phurization in the more basic slags.”

ANALYs1s oF Dorowire Frux

Ca0, | CaCOs, | MgO, | MgCOs, | S P
Location Insoluble o 9 ’ " ! o ’ ‘y; %’)
East Tennessee . 1 46 30 27) 54.02 | 21 05 44 04 iO 0510.0034

Beneficiation : Sizing.-—The beneficiation of blast furnace flux,
outside of picking out the “clay balls” and sercening out the
fines, is rather recent practice, but as the cleaning of coking coals
and iron ores, and the sizing of ores and cokes progressed, it
hecame necessary to pay more attention to the preparation of the
flux stone. To produce the right size and quality of flux stone
it has been necessary to build up a market to take all those sizes
above and below the sizes of stone aceeptable for blast furnace
flux.

The first paper? published on this subject desceribed the
quarrying, crushing, screening, and washing of the Columbus
limestone which is so satisfactory in analysis for blast furnace flux,
at the big Marble Cliff quarries near Columbus, Ohio.

The standard flux stone size at Marble CIiff is through 4 in.
and over 114 in.; but a top size of 6-, 8-, or 10-in. ring and over
a 214-in. screcn. One Chicago plant has tried stone that will
range between 2 and 3 in.

Whatever size is selected for the blast furnace flux it is certain
that all the fines and limestone dust should be screened or washed
out. Insome limestone quarries there are crevices through which
clay has percolated from the surface; this clay is loaded with the

' HoLBrook, W. F,, and T. L. JosgrH, Trans. A.1.M.E., vol. 120, p. 115,

1936.
® Hobces, PaurL C., “Production and Preparation of Blast Furnace
Flux,” Trans. A.I.M.E., vol. 120, 1936.
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broken stone and sent to the crushing plant where it forms into
clay balls in the rotating screens and is removed.

The burning of limestone to remove the carbon dioxide gas
before charging into the blast furnace has been tried, but not
cnough bencfit has been found to make it practicable. It is
possible that fine limestone could be sintered with coke brecze
and fine ores and thus burned with good results before charging
into the blast furnace.

THE ATMOSPHERIC BLAST; QUANTITY

Of all the raw materials required to make a ton of pig iron in
the iron blast furnace, the atmospherie air is greater in weight
than all the rest of the materials put together, as is shown by
the following table:

Raw MareEriaus To MAkE o Ton or Pis Trow

Madterial Amount
Iron ore 4,333 1b.—1 931 gross tons
Coke . 2,162 1h.—0 965 gross tons
Limestone 1,078 1h.— 0 481 gross tons
Solid materals | 7,573 ll;lgﬂgﬁagmw fons
Aur blast | 8,885 Ib —3 966 gross tons
" Total materals o ]Gj;g b —7 346 Lross tons

A consulting engineer versed in coal and coke remarked that
it was a strange metallurgical process that used the oxygen
of the air to remove the oxygen from the oxides of iron; but such
is the case. It is the oxygen of the atmosphere that is necessary
for the combustion of the fuel at the tuyeres to form the carbon
monoxide gas—‘“bosh gas”’—that reduces the oxides of iron to
metallic iron, and to furnish the heat required for smelting and
for melting the iron and the slag.

For a given amount of carbon in the fuel that is burned at
.the tuyeres there is a certain definite weight of oxygen required,
but the volume of atmosphere needed to furnish that weight of
air varies greatly, according to the weather conditions, to the
conditions under which the air enters the blowing engines, and to
the kind and amount of beneficiation done to the atmospherie air.
The volume of air blown into a blast furnace is measured as the
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atmospheric air enters the blowing engines, and before com-
pression and before heating in the hot-blast stoves.

This mecasurement of the volume of blast is fairly accurate
for reciprocating engines if the revolutions are counted and
multiplied by the cubic contents of the air cylinder. The
“slippage” at any pressure may be found by shutting tight the
valves on the cold-blast main at the stoves and turning over
the engines until the desired pressure is reached. The number of
revolutions needed to maintain this pressure is the amount of
leakage.

For turbo engines the volume of blast is measured with a
venturi meter.

If we calculate on the air being at 62°F. and containing
approximately 76.8 per cent nitrogen and 23.2 per cent oxygen and
weighing 532.5 grains (0.076085 1b.) per cubic foot of dry air at
30 in. mercury, at sea level, according to the chemical reaction
at the tuyeres:

C + 0. = Co,
CO.; + C = 2CO

Then for each 12 1b. of carbon, it will require 16 1b. of oxygen,
or 1 1b. of carbon requires 1.333 lb. of oxygen, or 5.74 lb. of air,
equal to 75.45 cu. ft. of air at 62°F. and at 30 in. of mercury
(““75.45 cu. ft. air at 62°F. and 30 inches of mercury are required
to burn one pound of carbon”!). It must be remembered that
all the coke is not burned at the tuyeres and that coke of the
higher grades will contain 90 to 92 per cent fixed carbon and the
lower grades down as low as 82 per cent fixed carbon.

The actual volume of air blast blown per pound of coke varies
considerably at different furnaces and under different conditions.
As a rule furnaces are blown on a certain number of revolutions
in the case of reciprocating blowing engines and by so many
thousand cubic feet in the case of turbo engines. Furnace
records show in practice that the volume of blast per pound of
coke varies from 54 to 70 cu. ft.

In regard to the influence of the weather, a blast furnace is
more sensitive than a fine watch to sudden changes in weather
conditions. For each 10° rise in temperature of the outdoor air

t JosegpH, T. L., P. H. RoysTEr, and S. P. KinNEY, Proc. Eng. Soc.
Western Pa., p. 435, January, 1926.

.
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it is necessary to increase the volume of blast blown by 2 per cent
in order to get the same weight of oxygen. In addition to the
temperature of the atmosphere, the humidity has a decided
effect on the furnace, and the barometer at times has some
effect. The author saw a remarkable demonstration of these
cffects of temperature, barometer, and moisture back in 1908
when furnace practice was different from what it is now, but the
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Fi1: 66 —Effects of changes in weather.

laws of nature were the same. When such sudden changes in
the weight of oxygen and moisture take place it is necessary to
vary the volume of blagt blown per minute. This was not done
during the four days recorded in Fig. 66.

The weather conditions should be so closely watched that
sudden changes may be met in time to prevent serious changes in
the quality or the tonnage of the pig iron. If the temperature
goes up, the volume of the blast should be increased correspond-
ingly. The falling off in tonnage during the summer months can
be largely offset by increasing the volume of the blast.
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CHEMICAL AND PHYSICAL CHARACTERISTICS

Moisture.—The uncontrollable changes in the weather,
bringing about only slight variations in the chemical and physical
characteristics in the air blast, have pyramiding effects on the
working of the blast furnace because of the enormous volumes of
blast per minute being pumped into the furnace. The difference
between 50°F. temperaturc of the atmosphere at midnight and
70°F. at noon is only 20°, but to a blast furnace being blown at
the rate of 50,000 cu. ft. per minute, it means a difference of
35 1b. of oxygen per minute. It is good practice to change the
volume of blast 2 per cent for each change of 10°F. in the tem-
perature of the atmosphere.

The other constituent of the atmosphere, besides oxygen,
that has a direct effect on the working of the blast furnace is
the relative humidity and the weight of vapor present in a cubic
foot of the atmosphere. In an outdoor temperature up to 40°F.,
it is impossible to get very much moisture in a cubic foot of air;
even at 100 per cent humidity, it would be only about 2.8 grains
per cubic foot, which is equal to 20 Ib. of water when blowing
50,000 cu. ft. of air per minute. But if the temperature should
go up to 90°F. and 100 per cent humidity, there would be 105 1b.
of water per minute, or 151,200 lb. in 24 hr., pumped into the
furnace through the tuyeres.

The rapid rise of moisture contents with increase of tempera-
ture of the atmosphere is shown in the relative humidity and
psychrometric chart in Fig. 67.

Beneficiation of the Blast.—Because air was free, but in spite
of the fact that air weighed more than all the materials used
in making a ton of pig iron, not much attention was paid to its
quality for a long time, and the intakes of the “blowing tubs”
or air cylinders of the blowing engines took air from inside the
engine room where it was nice and hot and full of moisture.
(Even in 1937 the author found just such blowing engines)
As far back as 1793, the English ironmasters were experimenting
to improve the quality of the air blast. Joseph Dawson, one
of the founders of Lowmoor Ironworks, England, said at a
meeting of blast furnacemen in June, 1800, “In the summer
season we all know that the furnaces never work quite so well
as at any other time.” He asked ‘“leave to enquire how these
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principles respecting air and moisture will explain the several
appearances that take place in our blast furnaces.”

Not much was done, however, until about a hundred years
later when James Gayley and David Baker experimented on
reducing the temperature of the air and thus eliminating much,
and even all but a trace, of the moisture in the blast.

The most successful of all the processes for eliminating moisture
was the Gayley dry-blast process, invented by the eminent blast
furnace engineer James Gayley and put into operation at the
Isabella furnaces of Carnegie Steel Company, Pittsburgh, Pa.,
in August, 1904. The immediate increase in production of pig
iron and deerease in coke per ton of pig iron caused much wonder
and discussion throughout blast furnace centers in this country
and in Europe. This process consists of passing air through
refrigerating chambers cooled by ammonia-machines so that
the air delivered to the intake valves of the blowing engines was
cooled down to about 22°F., thus “freezing’” out the moisture
to the saturation point at that temperature. By looking at the
psychrometric chart (Fig. 67), it will be scen that even if the
humidity is at 100 per cent, the total moisture at, say, 24°F.
can be only about 1.5 grains. Gayley first presented his paper
at the New York meeting of the Iron and Steel Institute (Great
Britain) in October, 1904, but it was read by title at the Septem-
ber, 1904, mecting of A.I.LM.E. and published' under the title
“ Application of Dry-blast to Manufacture of Iron.”

The British and French ironmasters were not all in agreement
as to the advantages of the Gayley dry-blast process, and
some even suggested that the economies obtained by dry blast at
Isabella might have been obtained in a large degree by other
improvements in blast furnace practice. And such has proved
to be the case. Mr. Gayley’s dry blast helped to increase the
tonnage of his 90-ft. blast furnace (18,090 cu. ft. contents) from
358 to 447 tons per day, an increase of 24.8 per cent; it decreased
the coke consumption from 2,147 to 1,726 1b. per ton of pig,
reduction of 19.6 per cent; these were tremendous improvements
at one jump. The advantages were the ‘““cumulative effect of a
good thing”’; practically the same amount of oxygen was blown
into the furnace to burn almost exactly the same weight of coke
with dry blast (771,522 1b.) as with the natural blast (768,626 1b.)

t Trans. A.I.M.E., vol. 35, pp. 746-771, 1905. '
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in 24 hr., but it was done with 15 per cent less engine revolutions,
less volume of blast, with same weight of oxygen; it helped to
reduce the flue dust loss from 5 per cent of the ore charged down
““to less than 1 per cent’; it resulted in greater regularity of the
quality of the pig iron and greater control of the working of the
furnace.

James Gayley was a bold and ingenious blast furnaceman and
accomplished almost overnight what it has taken thirty ycars to
accomplish in other ways—by little changes in dimensions of the
furnace, by little changes in the preparation of coking coals and
the sizing of coke, by little changes in the preparation of the
iron ores, and by sizing and cleaning the limestone flux.
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THEORY AND CHEMISTRY OF BLAST FURNACE
PROCESS

THEORIES—AND LACK OF THEORIES

The different theories as to what goes on inside a blast furnace
remind us of the ancient maps of the world made by the explorers
of the fifteenth century. When they did not know by actual
experience what was in the interior of an island or a continent
whose shores they had explored, they drew a picture of some
fantastic monster, and gave it a nameybased on some legendary
half-truth or on some pure misinformation. Even today there
are some parts of the interior of the blast furnace which are still
unexplored, but which are the subjects of thermodynamical
calculations and theories based chiefly on the knowledge of what
is going on outside the furnacc, and at several points inside
the hearth of the tuyere level, the bosh, and the shaft.

The remaining unexplored territory of the iron blast furnace,
that part between the tuyere level and the level of the inside
end of the iron notch, known sometimes as ‘‘the crucible’” of
the furnace, is perhaps the most important section of the furnace
because it is here that the final chemical and physical character-
istics are imparted to the iron. The author has withdrawn sam-
ples of iron and slag at the tuyere level all along the radius from
the center to the nose of a tuyere in a furnace in full blast and has
found all sorts and conditions of iron from low carbon to high
carbon; iron that was like “sponge’’ iron, and white iron so hard
that it would cut a file. The slag at the tuyere level is in many
phases of basicity and is often intimately imbedded in the coke.
The coke, or any other fuel, at this level is still solid, but most
of it in the stage of imminent gasification. The reason for certain
approximately regular amounts of the carbon of the coke, or
other fuel, passing into the liquid iron is not yet definitely known.

With such an important region of the blast furnace as is the
heafth, or crucible, still unexplored it is impossible to formulate

’ 144
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complete theories for the reactions that govern the smelting of
iron ores in the blast furnace. Back in 1912, the late J. E. John-
son, Jr.,! said that “we may as well admit frankly that experi-
ment on the furnace itself is the only safe foundation for practice
or for a useful theory.” It has been by bold experiments made
by practical and adventurous blast furnacemen that we have
developed blast furnace practice to the present state of the art of
smelting iron ores, in spite of many erroneous theories and, in
some cases, in spite of the lack of any theories at all.  The iron
blast furnace is still an enticing field for research for those young
metallurgists who wish for the thrill and adventure of discovering
facts now unknown to the iron and steel industry.

Much of the construction of blast furnaces in the past has been
based on false theories; the same can be said for much of the
practice. It isa marvel that we have advanced as far as we have
in the art of iron smelting ‘““hampered by the lack of explanation
and data regarding the fundamentals,”” as Dr. Saklatwalla said.*

In reeent years, the greatest advances in blast furnace practice
have been due to causes other than mechanical enlargement
of the furnace itself, as was unsuccesstully attempted in the days
of Sir Lowthian Bell, but have come about through the scientific
research of the fundamentals underlying the exchange of heat
between hot gases and cold solids, and the phenomena attending
the reduction of iron ores. These problems will be discussed
in the pages following. Important as such research work is for
the guidance of the practical furnaceman, there still remains the
need for explorations inside the hearth of the furnace and further
examination of the interiors of the bosh and of the shaft.

False theories, based on incomplete data, isolated facts and
fragmentary observations have been responsible for many queer
and uneconomical designs of blast furnaces. In many cases the
changes in design have been gradual because it takes time and
often much money to change the inside shape or dimensions of a
blast furnace lining. At the present time, for instance, many
blast furnaces cannot have so large a stock-line diameter as
should go with their big hearths because it would be necessary to
replace completely the steclwork above the mantel.

tIn his paper ‘“The Effect of Alumina in Blast-furnace Slags,” Trans.

AJ.M.E., vol. 54, p 124, 1912.
2 In his address, “ Fundamentahsm in Ferrous Metallurgy,” Dec. 5, 1924,
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The false theories about ‘‘the penetration of the blast” have
been responsible for much trouble in the past and for many
queer sizes and designs of tuyeres. Some of the faulty practice
still exists. The incomplete data about the combustion of fuel
at the tuyere level led to the great increase of the number of
tuyeres in furnaces, even of small hearth diameter, at the turn of
the present century. Not until the physiochemists and research
men of the U. 8. Bureau of Mines (Joseph, Kinney, Perrott, and
Royster) discovered the combustion zones of the blast furnace,
did we have an adequate theory on which to base furnace design
and practice, and even now we have not taken full advantage of
their discoveries. There is still need for further investigation of
the region in front of the tuyeres of a blast furnace, and we are
now much better equipped with pyrometers than were those
young men fifteen years ago.

As was shown in a previous chapter, it may take a century for
an idea to be fully developed, because of the lack of two impor-
tant things, v7z., the lack of money and opportunity with those
who have the inventive imagination and the lack of courage and
imagination with those who have the money and the plants.
Charles F. Ramseyer, said,! in spcaking of the causes for lack
of development in the steel industry, ‘“The non-technical bank-
ers, lawyers and financiers at the heads of the larger companies,
were against spending large sums on dubious experiments, and
when they did attempt some experimentation they were fre-
quently ill-advised and unsuccessful. . . . Perhaps, too, the
tremendous investment in plant made them apprehensive of the
financial dangers of sudden obsolescence.”

False Theory in Use of Anthracite.—The use of anthracite as a
blast furnace fuel is a striking illustration of the cumulative
grief that comes from false theories and lack of scientific facts.
All honor is due those adventurous ironmasters who jumped from
charcoal, the perfect blast furnace fuel, to anthracite, the hardest
of fuels and one that had baffled the European ironmasters for
many years. It is not to the credit of the ironmasters of today
that we still lack knowledge of some of the fundamentals of blast
furnace practice. In the original patent granted to Friederich
W. Geissenhainer, Dec. 19, 1833, for his ‘“ new and useful improve-

1A Chemical Engineer Views the Steel Industry,” Trans. A.I.M.E.,
vol. 116, p. 159, 1935.
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fnent in the manufacture of iron and steel by the applieation of
anthracite coal,” is the foundation of the erroncous belief that
anthracite requires three and a half times “ the quantity, velocity
and density or compression of a blast necessary and proper for
charcoal, and as much greater than for coke in the proportion
of three and a half to two and a half.”

Whatever data are available and what actual cxperience
the author has had with charcoal and coke in the same blast
furnace with the same equipment point to the fact that coke does
not require 214 times as much volume and pressurc of blast as
does charcoal, and that neither does anthracite require 31 times
as much.

Charcoal used to be considered to contain about 95 per cent
fixed carbon, but such is not the fact. It is safe to consider that
charcoal is about 70 per cent fixed carbon.

In the author’s own blast furnace experience he found that in
the same blast furnace, smelting the same ores to make the same
kind of Bessemer pig iron, and using the same blowing engines,
that it took about 1.44 times as much air blast by volume to
burn a pound of beehive coke as it did to burn a pound of char-
coal.! That was at Sault Ste. Marie, Ont., in 1905.

Kreisinger? found that anthracite required only 95.6 per cent
as much air for combustion as coke. .

The author has found in practice that it requires approximately
the same volume of air to burn anthracite as to burn coke in the
same blast furnace.

The greatest advances in blast furnace practice have been
due to causes other than mechanical and have been brought
about more by changes in our attitude of mind than by changes
in design and equipment.

Present blast furnace practice is based on the theory that the
iron oxides of the solid orc are “reduced” to metallic iron by
means of hot carbon monoxide gas according to a complex series
of chemical reactions and reversed reactions whereby the iron
becomes a spongy solid and the oxygen becomes a gas and passes
out of the top of the furnace; the iron melts and passes out of
the bottom of the furnace in its liquid form. The hot carbon
monoxide gas comes from another series of reactions at the

! Trans. A.I.M.E., vol. 39, p. 228, 1909. :
2 Bur. Mines Tech. Paper 137, p. 54.
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tuyeres, where solid coke which has come down the whole length
of the furnace from top to tuyeres as a solid and returned upward
as a hot gas, is instantly gasified at the tuyeres on meeting the
oxygen of the preheated air blast. Limestone, like the iron ore,
comes into the top of the furnace as a solid and goes out half as
a gas at the top and half as a liquid at the bottom.

The theory is that the combustion of the fuel at the tuyeres
is sufficient to furnish all the heat necessary for the chemical
reactions inside the furnace and to liquefy all the iron and slag
leaving the furnace at the bottom, and yet there are no two
technical men who agree with cach other in calculating the heat
balance of the same blast furnace.

The law of gravitation takes the solids downward in the
furnace, but considerable solid matter is carried out of the top
in the waste gases.  The [urnace is filled with cold stock when it is
first blown in, and in regular operation it takes eight to twelve
hours for the stock to go completely through the furnace. Even
with the furnace full of solid and liquid materials, thcw is enough
air blown in every minute equal in volume to 214 times the
cubical contents of the furnace when empty.

Such a countless.number of laws of chemistry, of physics,
of thermodynamics, of the flow of gases through a column of
irregular solids, of vapor pressure, of expansion of gases, of the
interchange of heat, of expansion of solids, of expansion of liquids,
of expansion and density of gases, of conductivity of solids,
liquids and gases, of equilibrium and motion—all these and many
ather laws, are involved in blast furnace practice so that it is no
wonder that many erronequs theories can be based on some one
or more actual observations of blast furnace phenomena.

This long list of the laws governing blast furnace practice is
given here to show that it is humanly impossible for any one man
to know all the theories, principles, and natural laws governing
the operations of the blast furnace and at the same time handle
a blast furnace in the best possible manuner, according to those
theories.

COMBUSTION ZONES

The discovery of the combustion zones in front of the tuyeres of
a coke blast furnace by the young men of the U. S. Bureau of
Mines beginning in 1922 was one of the greatest discoveries
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in blast furnace practice since the research work of Sir Lowthian
Bell; it ranks with the announcement of the critical temperature
of the hearth by J. E. Johnson, Jr. Like many other discoveries,
it came as an indirect result of the study of the properties of
metallurgical coke, during which study Perrott and Kinney
‘““explored the hearth combustion zone in
a number of blast furnaces,” and presented
a paper at the February, 1923, mceting of
A.I.M.LE,, entitled ¢“Combustion of Coke in
Blast-furnace Hearth.”! This paper was
the first of a series of reports on the
research work to determine ‘““the exact
nature of the combustion of coke in the
neighborhood of the tuyeres.”

The following year, Royster and Joseph
presented their paper “LEffect of Coke
Combustibility on Stock Descent in Blast
Furnaces,”* in which was a diagram show-
ing the flow of stock when combustion
takes place near the tuyeres. In discussing
that paper, the author said, in part, “That
figure [Fig. 2] is one of the most important
diagrams of blast furnace practice.” The
author still thinks so much of it that it is
herewith reproduced as Fig. 68, cven
though the extent and shape of the
combustion zones were not so well known

, .. F 1 6. 68.—Flow of
and defined as in the paper of Kinney, stock when combustion

! . 3 H “« .+ takes place near the
Royster, and J.Obep},l, (‘I.ltlt](‘d Iron Blasf, tuveres. Grrom. Royster
furnace Resetions.” Figure 69, from this and Joseph, Trans.

article, shows the probable size of the com- 4-1-M-E., vol. 70.)

bustion zones in a vertical plane and gives a plan of the probable
arrangement of the zones of combustion in a 12-tuyere furnace.
The water-cooled gas-sampling tube used for taking the gas
samples had a total length of about 17 ft. and was well protected
by cold water circulating under pressure; compressed air was
blown through the 34-in. gas pipe until the sampling tube had

1 Trans. A.I.M.E., vol. 69, pp. 543-584, 1923.
2 Trans. A.J.M.E., vol. 70, p. 229, 1924.
3 Bur. Mines Tech. Paper 391, 1927.
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been pushed through the tuyere to the point where the gas was
to be sampled.

In May, 1923, S. P. Kinney and the author took a sample of
gas, through such a sampling tube, from the very center of the
hearth of East furnace, Columbus, Ohio, and thought they had a
sample of cyanogen (from its peculiar odor) which was sent to the
Bureau of Mines laboratory for analysis. There was a long
delay before analysis, and no eyanogen was found.

70 b —f e .- N\
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Fis. 70.—Combustion zone under slack blast. (Courtesy of Kinney, Blast
Furnace & Steel Plant, June, 1925 )

At the same furnace, and during the tests for temperatures of
iron and slag and carbon contents deseribed under the heading
Carbon in Pig Iron, Kinney took gas samples from the interior
of the blast furnace at the tuyere level, and at other levels of the
Columbus blast furnaces of The American Rolling Mill Company.
Most of the tests were made while the full blast was on the fur-
nace. In order to find out the size of the combustion zone in
front of the tuyere when very little wind was blown, we slacked
the blast to only 1 lb. pressure and took gas samples as rapidly
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as possible over a period of 19 min. The results are shown in
Table III and are plotted in Fig. 70. This table shows that

TasLE III.—AnNaLYsEs OF TUYERE Gas SaAmMPLES TAKEN AT THE TUYERE
LeveL or No. 2 FurNAacE!
(Blast pressure, 1 1b.)

Distance Time on
from nose CO:. 0. Cco H, N, A rii 5
of' tuyere, % % A A o {’923' ,
inches

—8 00 20 8 00 00 79 2 9:39 A.Mm.

—4 00 20 9 00 00 79 1 9:39 A.M.

0 00 18 1 00 00 81 9 9:36 A.n

4 03 16 9 00 00 82 9 9:35 A.M

8 80 89 00 0.0 83 1 9:34 A.Mm.

12 78 13 0 00 01 79 1 9:32 A.M.

18 32 09 32 00 92 7 9:30 A.M.

24 150 08 83 00 75 9 9:29 A.M

32 78 03 20 2 04 71 3 9:27 Am.

36 22 03 31 4 04 65 7 9:26 A.M.

44 03 00 43 5 04 55 8 9:24 A.m.

52 00 00 52 0 00 48 0 9:23 A.M.

60 00 00 67 0 00 33 0 9:22 A.M.

64 00 00 72 0 00 28 0 9:21 A.M.

72 00 0.0 61 0 06 38 4 9:20 A.M

76 00 00 38 5 00 41 5 9:20 A.M.

1 From 8 P. Kinney, Blast Furnace & Steel I'lant, June, 1925

two samples were taken inside the tuyere and one at the nose
of the tuyere in which there was only atmospheric air. Two
samples were taken from the far side of the center of the furnace,
and these show a decrcase in the percentage of carbon monoxide
in the gas.

In commenting on these results and charts Kinney says!
that ‘‘an examination of the curves representing the results of gas
sampling in No. 2 furnace at normal working and No. 2 furnace at
1-pound pressure, will result in the conclusion that the general
form of the curves is quite similar. . . . The extent of penetra-
tion of the combustion zone in all cases is approximately 40 inches.
regardless of whether the furnace is operating on 1-pound or 14-
pound pressure.” Kinney reported variations in analysis of the

1 Blast Furnace & Steel Plant, June, 1927,
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gas sampled at the same distance in front of the tuyere hut
taken at different times of the day, as shown by the following
table:

Distance from nose | CO,, | O, | CO, | H, | N,
of tuyere . ‘o ‘. o “ Time Date
. e — I
12 in 961111271001 8 6/10 47 a.m.t| 4-2-23
7011406100/ 910,10 14 a.n. | 4-2-23
6111060000 8 310 12 A . | 4-4-23
Average . 741431100872

1At 1047 A M on Apr. 2, a sample of gas was taken at the tuyeres, which 12 shown to be
much different from the sample taken at 10 14 A M the same day, and quite different from
the one tuken 2 days later at the same distance 1n front of the tuyere

The results of sampling in the combustion zones of 10 other
blast furnaces by the Bureau of Mines are shown in Fig. 71,
which reveals that combustion is practically complete within 40
in, of the nose of the tuyere.

60
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10 - A f‘o
0 = [ 1)
0 10 20 30 40 50 60 70 80 %0

Distance from Nose of Tuyere, Inches
Trg. 71.—Average combystion zone in ten furnaces. (From Perrott & Kinney,
N enm‘ﬂ'rans. AI.M.E., vol. 69.)
The Rod Test.—There is a very simple way of testing the
extent and relative temperature of the combustion zone in front
of each tuyere and that is to push a long round steel rod through
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the tuyere cap and blowpipe into the very center of the hearth.
The rod should be 13{¢ in. round and coated with ““clay wash,”
put on the rod while hot and allowed to cool; this gives it some
protection, and rods thus protected can usually remain intact
for an clapsed time of 20 to 35 sec. from the time of starting to
push the rod through the tuyere until it is finally withdrawn.

Not only can the combustion zones be studied by this test,
but the condition of the core in the center of the hearth at the
tuyere level can be ascertained. This floating core is the lower
end of the stock column of solid coke that rests upon the bath of
slag just as soon as the normal blast pressure is taken off the
furnace.

In such tests at the Ashland, Ky., furnace of The American
Rolling Mill Company, it was found that there was a very hot
section of the combustion zone beginning about 6 in. from the
nose of the tuyere and extending for about 24 in.; then therc
was a cooler section 2 or 3 ft. long, varying, apparently, according
to the time clapsed since the previous cast. There is much
evidence to show that the conditions of combustion in the
tuyerc zones, and the character of the floating core at the tuyere
level are much influenced adversely by taking off the blast after
casting in order to shut the iron notch. This subject will be
discussed further in the chapter on iron notch and iron-notch
guns.

Out of a series of 10 rod tests made by Ora E. Clark, blast
furnace superintendent of the Hamilton Coke and Iron Company,
Hamilton, Ohio, the author has sclected two skctches illustrating
the difference in the physical conditions at the tuycre level just
before and just after a cast. Figure 72a shows that the bar
had to be driven into the furnace, and then it took 15 sec.
to pull it out by “ring and wedge” and sledge hammers.
The rod passed through a nondescript slag, as shown by the
analysis of slag adhering to the rod. Figure 72b shows that
14 min. after cast, the rod was easily pushed by hand all the way
into the center of the furnace, and that it took only 6 sec. to
-pull it out. The blast pressure on the furnace was 1 lb. higher
than just before cast. .

Although this theory of the combustion zones in front of the
tuyeres clears up much of the uncertainty as to how and where
most of the coke is consumed, there is still unsolved the question
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of how the coke that drops below the tuyere level is consumed,
since all the oxygen of the blast is combined with solid cdke within
about 40 in. of the nose of the tuyere. The amount of coke
within the hearth and between the tuycre level and the level of
the iron notch varies considerably during the time between casts.
The physical and the chemical character of this coke is quite
different from that of the coke that comes down to the tuyeres.

It is probable that some of this coke obtains its oxygen for
combustion from the oxides of the metalloids that come down
into the hearth, and some of the carbon of the coke unites with
molten iron in the form of graphite and of combined carbon.

This theory of the combustion zone with its length of about
40 in. explains why the oldtime charcoal blast furnaces with
hearths only 36 in. in diameter could be operated with only one
tuyere; the whole hearth at the tuyere level was a combustion
zone. Of course, this remark is predicated on the assumption
that the combustion zone for charcoal is the same as for coke, and
this has not yet been determined.

High Carbon Monoxide Content.—Some of the gas analyses
reported by Kinney show as high as 67 and 69.4 per cent of
carbon monoxide in the center of the furnace at the tuyere level,
and only 32.3 and 29.4 per cent nitrogen respectively, and with
no carbon dioxide. Bosh gas, the final gas after combustion of
the coke is complete and before reduction of the iron ore begins,
is considered to contain 34 per cent carbon monoxide and 66 per
cent nitrogen. This is the zone marked B in Fig. 69, and this
zone would be lacking in the one-tuyere charcoal blast furnace
mentioned above and was found to be lacking in the experimental
furnace at the North Central Burcau of Mines station in Min-
neapolis, which had a hearth diameter of only 36 in.

Zone B is rather inactive and is sometimes cooler than other
parts of the plane at the tuyere level; again, it has been found to
be hotter than the carbon dioxide section of the combustion zone
in front of the tuyeres, as is shown by Figs. 72a and b.
This sluggish zone (B) is greatly increased in size in the so-called
‘“big-hearth’” furnaces, and this may be one of the reasons that
the coke consumption in these big furnaces is not lower than in
the furnaces with smaller hearths. It has been found that the
bigger hearth diameter furnaces tend to make pig iron with
higher contents of total carbon.
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Not (nough information regarding this center zone has ‘yet
been obtained to formulate a satisfactory theory as to the cause
for the present of so great a percentage of carbon monoxide and
so little nitrogen. Some conflicting conclusions have been
published, all of which may be correct as to the condition existing
at the time of the observations, but we know that the conditions
at the center of the plane of the tuyeres vary greatly in the same
furnace and in different furnaces.

There are enough data, however, to support the suggestion
of the Bureau of Mines men! to eliminate the inactive zone B
and build a long rectangular hearth with a width of twice the
length of the combustion zones, or 80 in. Such a furnace would
probably allow the stock column to settle more evenly and would
provide a more regular distribution of the ascending gas column.

REDUCTION OF IRON ORES

Iron ores are chiefly oxides of iron mixed with varying amounts
of earthy materials, such as silica in the form of sand and silicates
and alumina in the form of clay and other alumina minerals.
The iron oxides are often compounded with water to form the
hydrated oxides of iron. The different forms of iron ores are
described in the section on Natural Iron-ore Minerals.

The smelting of iron ores to make pig iron is simply to remove
the oxygen from the iron oxides by the use of suitable reducing
agents. 'The blast furnace process, in spite of the fact that it
uses approximately a short ton of oxygen in the air blast per ton
of pig iron produced, is still practically the only commercial
method used for the reduction of iron ores. Chemically it is
an indircet reduction cffected by, first, oxidizing the carbon in
the coke completely to CO,, and then instantly reducing the CO.
to 2CO and finally using about a third of that CO gas to reduce
according to the simple formula

Fez()a + 3CO = 3(:()2 + F(‘2

and the balance of the CO gas goes out of the top of the furnace
without having done any work of reduction at all.

As the student of ferrous metallurgy studies the phenomena
of the iron blast furnace, he will see how it has been possible

1KinNEY, S. P. P, H. RovstER, and T. L, JosEprH, Bur. Mines Tech.
Paper 391, 1927.
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for a great many different, and sometimes contradictory, chemi-
cal equations and thermodynamical calculations to be used to
explain the smelting process which transforms the solid oxide of
iron and the solid carbon of the coke into metallic iron that melts
and leaves the furnace as a liquid and into a mixture of carbon
compounds that leaves the furnace as a gas.

Two good illustrations of the many steps in reduction of iron
ores and the final formation of pig iron (see definition on page 1)
are given in Figs. 73 and 74. Both these diagrams deal with
straight iron-ore burdens; the author does not know of a similar
chart showing the reactions when scrap is mixed in the burden,
but the end results are practically the same, and pig iron, slag,
and furnace gas are the products.

In Stout’s diagram arc the following reactions:

F(tan + 3CO = 2Fe + 3002 (l)
21“{‘203 + 8CO = 7002 + 4Fe + C (2)
2Fe;0; + CO = 2Fe0Q + CO; + Fe 04 (3)
Fe,O; + 3C = 2Fe 4 3CO “4)
Fe;O. + 4CO = 3Fe + 4002 (5)
FcO + CO = Fe + CO; (6)
Fey + C = Fe,© )
In the Carnegie diagram arc the following reactions:
2Fcy0; + 8CO = 4Fe + C + 7CO: 1
3Fe.0; + 380 = 2Fe;04 + 2882 (2)
C ) CO

Fe,04 + 200 = 3FeO + %CO-; 3)

) c _ .. .]C0
FeO + {o = Fe + }CO, @)
3FeO + CO: = Fes04 + CO )
Fe + CO; = FeO + CO ()
FeaO4 + C = 3FCO + CO (7)
FeO 4 C = Fe + CO ®)
SiO; + 2C + Fe = FeSi + 2CO 9)

The first man to investigate and to cxplain the phenomena
of the reduction of iron ores in the blast furnace was Sir Isaac
Lowthian Bell, who based his theories and formulas on his exten-
sive observations of the operations of his blast furnaces at Clar-
ence Works, England, smelting the Cleveland calcined ironstone
with a yield of about 41 per cent pig iron. His observations and
conclusions were published, in his book Chemical Phenomena of
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Iron Smelting (1872), which remained the standard texthook for
the fundamentals of blast furnace practice for many yvears. Bell
concluded that the limit of economical reduction of iron oxide was
reached when the ratio of CO to CO, in the waste gases was 2:1.
This conclusion was based on the equation

Fe,03 + 9CO = Fe, + 3C0O, 4 6CO

in which the CO is twice the CO..  He figured that “any more
complete oxidation of the carbon would result in the carbon
dioxide formed oxidizing the reduced iron to Fe(.”t

For many years blast furnacemen in England and the United
States thought they were doing good work when their ratio of
carbon monozxide to carbon dioxide, the waste gas, was 2:1 and
began to doubt their analysis if it fell below that ratio. In this
country the ratio has been as low as 1.4.2 This shows how a
false theory may retard progress.  Joseph now says that ““blast
furnaces are most cfficient thermally when the CO, in the top gas
is highest.”’?

All the above chemical equations are probably right, and
probably they are all taking place in some part of the furnace at
the same time.  Samples of the gases, solids, and liquids removed
from the different levels of a blast furnace in operation give proof
of the strange conglomeration of chemical and physical conditions
existing in the different zones of the blast furnace at the same
instant; nothing is complete, nothing is statie; everything is in
action and in sceming confusion; if anything ccases to move
inside the furnace, it becomes a source of trouble.  Kven at the
tuyere level, the iron is not in its final condition, though prac-
tically every bit of iron oxide has been reduced to metal by the
time it reaches the tuyeres, but the composition of the iron is not
completed with respect to its contents of carbon, silicon, sulphur,
manganese, and phosphorus. :

Not all the iron oxide is reduced by carbon monoxide gas; some
of it is reduced by solid carbon according to equation (4) of
Stout’s diagram, or according to the formulat

1 QiLLars, DanNigL, February, 1925, West of Scotland [ron & Stecl
Institute.

2 Ramsay, G. D., Trans. A.1.M.E., vol. 120, 1936.

s Trans. A.I.M.E., vol. 120, p. 72, 1936.

+ Mowrir, C. C., and Ravpn H. SwEETsER, U. S, Patent 2121160, issued
June 21, 1938.
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2Fe;04 + 4C = 6Fe + 4CO.

Not all the carbon of the coke is burned to carbon monoxide at the
tuyeres (perhaps 80 to 85 per cent), but some of it is consumed
in the direct reduction of iron oxide as shown above and some of
it is “dissolved” by carbon dioxide gas in the top of the furnace
according to the equation

C + CO. = 2CO

Reduction Influenced by Size.—It takes time and the right
temperature for the reduction of iron oxides by the action of
carbon monoxide gas in the blast furngce. Blast furnacemen
have known that the reducibility of iron ores varied greatly,
and that the soft ‘“local’” ores (limonites) would “melt like
butter” in the furnace, and that other ores, like raw magnctites
and lumpy, dense hematites, would ““chill” the furnace and
require slow driving. The problems of reducibility and the
sizing of iron ores were studied by T. L. Joseph, then supervising
engineer, U. S. Bureau of Mincs, and the results published in the
1936 Iron & Steel volume.! His aim was quantitative informa-
tion that could be applied by furnace operators ““in determining
the size to which densc ores should be crushed to permit more
complete reduction in the upper part of the furnace where low
temperatures retard conversion of CO, to CO.”

A wide varicty of iron ores, 43 of them] were selected and
analyzed chemically and physically as to contents of iron mag-
nesia, silica. alumina, and loss on ignition; and as to weight of a
cube, approximating 91 in., volume in cubic centimeters, apparent
density, truc density, and porosity. These specimens were
reduced in a stream of hydrogen at 800°C. after determining the
porosity. Parts of Joseph’s paper are herewith quoted:

Blast Furnace Conditions Cannot Be Duplicated in the Laboratory.—
However, relative rates of reduction can be determined more accurately
by laboratory tests with hydrogen than with CO or mixtures of CO and
nitrogen. As will be shown later, reducibility is closely related to the
porosity of the ore. Actual rates determined by reduction with hydro-
gen would differ from those determined with CO, but the order of
reducibility, which is all that can be readily established from a labora-
tory test, would be about the same.

1 “Porogity, Reducibility and Size Preparation of Iron Ores, Trans.
A.I.M.E., vol. 120.
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The percentage of total water formed at 10-min. intervals was deter-
mined for 110 specimens prepared from 33 ores.

To express reducibility by a single numerical value, the time required
for 90 per cent reduction was taken as an index of reducibility. This
degree of reduction was selected rather than 100 per cent because in
some cases the rate of reduction decreased sharply beyond about 90 per
cent reduction. There was considerable uncertainty as to the exact
moment for 100 per cent reduction, but by plotting the degree of reduc-
tion against time, the time for 90 per cent reduction shown by the verti-
cal lines was established within 14 min. . . .

The present study shows the importance of porosity in reduction.
It is intended primarily however for use in connection with hard, dense,
coarse ores. To establish the relative reducibility of fine ore from the
standpoint of its use in a blast furnace would involve consideration of its
sereen analysis and difficulties inherent in maintaining a uniformly
permeable bed or column of stock.

With certain I.ake Superior ores, particularly with the Alabama,
Wyoming, New Mexico and Utah ores, it is difficult to determine how
fine the ore should be crushed to permit reduction of the central area of
coarse lumps. The present study was projected primarily to furnish
information on this problem. . . .

Porosity AND S1zk oF Ore Lusmes ror BLast-rurNacE Usk

If large lumps of hard, dense ores are charged into blast furnaces,
they will reach the top of the bosh and the fusion zone with unreduced
centers. The size of such ores should be reduced according to the
porosity, which has heen shown to bear a direct relation to the time
required for reduction. Finer crushing has improved furnace practice
on Alabama ores and Utah ores. Some criteria for deterinining the size
to which an ore should be crushed should stimulate further progress in
this direction.

The size to which ores should be crushed can also be determined from
the relation between porosity and reducibility expressed as the reciprocal
of the time required for 90 per cent reduction.

RELATION BETWEEN PoRrosiTy ANp RELaTive REpUCIBILITY OF, IroN
OREs !

The reduction of iron oxides by CO or hydrogen is a heterogeneous
reaction between a gas phase and a solid phase. Such reactions proceed
at rates proportional to the solid surface exposed when other factors are
constant. Fine ores present a large surface, but mechanical difficulties
limit the quantity of reducing gases that can be applied to the surface of
fine particles in the blast-furnace and similar processes that involve a
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countercurrent circulation of gases and solids. The relative reducibility
of fine ore is not important. Such material should be converted in a
porous agglomerate for effective mass reduction. The Bureau of Mines,
accordingly, has recommended sintering or other methods of agglomera-
tion for preparing fine ores for use in the blast furnace.! Sintering of
fines and segregation of plus 34-in. particles into several sizes provide
conditions favorable to mass reduction.

Joseph’s article gives tables and graphs for determining the
reducibility and the size to which ores should be crushed to get
the best results. These tables are being put into practical use,
especially in the smelting of the red ores of Alabama. Already
it has been found profitable to erush the ores finer and to sereen
out the minus 3§-in. ore and sinter it.

In the application of the above data, the character of the ore, particu-
larly the way it breaks on crushing, should be considered. Laminated
ores that tend to break in flat, elongated pieces would not require such
fine crushing as ores that tend to break into pieces more spherical in
shape. Such ore should be crushed according to its width. The amount
of fines produced and the tendency of the ore to break up under mechani-
cal action should also be considered. Operators using coarse ores or
burdens containing substantial amounts of coarse ores can obtain satis-
factory indications from porosity measurements as to whether or not
particular ores should be crushed finer and, if so, how much finer.
Crockard recently reported that crushing hard Alabama ores to 1 in.
has greatly improved practice.? e also stated that by crushing the ore
to 34 in. it is possible to use as much as 25 per cent of an ore that is
difficult to reduce and contains more silica than lime. The high-lime
Alabama ores, according to practice, are easier to reduce than thosc
containing more silica than lime. This difference was not shown by the
laboratory tests and is attributed to the retarding action of the lime
in the formation of iron silicate under actual furnace conditions. These
practical results, reported by Crockard, justify the position of the low
part of the curve in Fig. 75, which indicates that ores approaching zero
porosity should be crushed as small as 0.75 in.

REDUCIBILITY OF ALTERED AND UNALTERED MAGNETITES

As eastern magnetites are largely concentrated and sintered, the
reducibility of the erude ore assumes less importance. Preliminary
reduction tests on crude, unaltered magnetite indicated slow reduction

1FurNas, C. C, and T. L. JosepH, “Stock Distribution and Gas-solid
Contact in the Blast Furnace,” U. 8. Bur. Mines Tech. Paper 476, 1930.

2 CrockarDp, F. H.,, “Five Years of Progress in Southern Merchant Tron,
Production,” Trans. A.I.M.E., vol. 120.
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rates, 380 min. being required for 90 per cent reduction compared to
40 min. on Desert Mound ore from Utah. According to Ramsay,! the
iron in the Utah ore is principally hematite but contains 12 to 20 per cent
of magnetite. It seems therefore that weathered or altered magnetites
reduce much more rapidly than the unaltered type in New York and
New Jersey.

The conclusions drawn from the tests of Joseph as described
in the above paper corroborate the practical experience of fur-
nacemen in the smelting of hard iron ores, especially the magne-
tites. Big lumps of ore mixed with fines cut down production
and increase the coke con-
sumption. Again we see how -~
delicately balanced is the
operation of a modern blast
furnace, huge as it is.

Bosh Gas (CO + N;).—Bosh
gas is that hot mixture of
carbon monoxide gas, nitrogen, 20 70 50
and small amounts of hydrogen Porosity, Per Cent .
and traces of oxygen that exsts 1, 70 Kelaion hatween poriay
inside the bosh of the blast fur- furnace use. (From Joseph, Trans.
nace from the level just above 41-M-E., vol. 120.)
the tuyeres up to the level of the greatest diameter of the bosh of
the furnace. This gas contains about 34 per cent carbon mon-
oxide and about 66 per cent nitrogen. This gas is the product
of the combustion of the coke and hot blast in the combustion
zones at the tuyere level.

In the very illuminating technical paper? by Kinney, Royster,
and Joseph, entitled ‘“‘Iron Blast Furnace Reactions,” there is
a summary of the gas analyses from plane 4 (see Fig. 76) which
in the Holt furnace (Central Iron & Coal Company’s furnace at
Holt, Ala.) was 19 ft. 6 in. above the tuyere level. This summary
of analyses is graphically shown in Fig. 77, and the text says
that “the CO content of the gas is about that of bosh gas—34
per cent CO and 60 per cent N,.”” It is evident, however, that
there will be some variations in the complete analysis of the bosh
gas, not only from furnace to furnace, but also from hour to
hour in the same furnace, owing to the slight variations in the
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1 Ramsay, G. D., “Sintering Adds Greatly to Efficiency of Ironton (Utah)
Plant, Columbia Steel Co.,”” Min. & Met., September, 1935.
2 Bur. Mines Tech. Paper 391, 1927,
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amount of water vapor in the hot blast and to differences in the
amounts of reactions of cyanogen and variations in the reduction
of oxides of iron, manganese, and other metals at the tuyere level.
The evidence of the reported observations points to the fact
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FiG. 76.—Section of Holt furnace showing holes for sampling. (From Bur Mines
Tech. Paper 391.)

that the gas in this region.of the furnace is cbiefly nitrogen and

carbon monoxide.

As to the functions of the nitrogen, outside of being the main
carrier of the heat that is generated at the tuyere level, there
has been much discussion but no clear proof of what takes place
within the interior of the furnace between the tuyere level and
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the level of the top of the bosh. In some furnaces which the
author has personally explored, there is a sort of core in which
there is a zone of greatly reduced movement of the solid materials
and gases. Just what effect this will have on the analysis of the
gases in the center column of ascending hot gases from the tuyere
level upward is not known. In the section on Combustion Zones
are some figures showing the relative temperatures at the tuyere
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Frg. 77. —Summary carves of gas analyses—plane 4. (From Bur. Mines Tech.
Paper 391.)

level from the nose of the tuyere into the very center of the fur-
nace. This simple rod test shows that it is misleading to take
temperature tests at the tuyeres with an optical pyrometer.
Just what is the temperature of bosh gas—this mixture of
nitrogen and carbon monoxide—at any particular time in any
particular furnace is not definitely known. In Fig. 74, from
the “Carnegie Handbook,” the temperature goes from 3600°F. at
the tuyeres to 2462°F. at the bosh line.  Stout, in Fig. 73, shows
2900°F. at the tuyeres and 2450°F. at the bosh line. Kinney
reports 2804°F. at the tuyeres and 1661°F. at plane 4, about 5 ft.
above the bosh line and at the center of the plane. We know,
however, that the temperature of the bosh gas must be at least
as high as the “critical temperature” of the hearth, as was
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enunciated by that blast furnace genius, the late J. E. Johnson,
Jr., in his paper ‘“The Physical Action of the Blast Furnace.”!
Johnson said, in that classic paper, in part,

It may be said without reservation that for every set of furnace-
conditions there is a certain critical temperature, above which only,
certain necessary operations of the process can be carried out. It is
not necessary to know what the operations are, and no attempt will be
made to enumerate them here, further than to say that they probably
comprise the removal of the final traces of oxygen from the ore, the
formation and subsequent superheating of the cinder, and the melting,
carbonization and superheating of the iron,—‘‘superheating’ being
used in the sense of heating above the point of fusion.

Procceding with this lucid explanation of what takes place
within the hearth of a blast furnace, Johnson said furtht‘.l‘:

It is obvious that the nearer the critical temperature is to the theo-
retical temperature of combustion, the smaller will be the quantity of
such available heat. If the critical temperature is, say, four-fifths
of the theoretical combustion-temperature, then the available heat
is only one-fifth of the total; and while the other four-fifths are useful
for other purposes, they are lost for those under consideration.

The critical temperature varies in the same furnace with varying
conditions, but for certain conditions it was determined to be about
2750° T., as a probable average, and results obtained from calculations
made on this basis were in such close agreement with actual results,
that the series was extended to cover other conditions.

In the author’s own observations of the temperature of iron
and slag as they ran from the iron notch and cinder notch, the
temperature of the liquids leaving the bottom part of the hearth
of a furnace making basic iron for the steel plant varied from
2450 to 2758°F., sometimes varying as much as 150°F. in the
same cast.? In his paper® “Oxides in Basic Pig Iron and in
Basic Open-Hearth Steel,” Joseph found that most of the casts
of basic iron had temperatures averaging between 2560 and
2660°F. In view of all these observations, it seems reasonable
to assume that the bosh gas, by the time it is thoroughly mixed
in the proportion of about 66 per cent nitrogen and 34 per cent

¥ Trans. A.I.M.E., vol. 36, p. 472, 1906:

2 ““Carbon in Pig Iron,” A.I.M.E. Tech. Paper 11, 1927.
3 Trans. A.I.M.E., vol. 125, 1937.
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carbon monoxide and starts on its work of heat cxchange and
reduction, has a temperature of about 2750°F. F. W. Davist
uses a temperature of 2800°F. for the bosh gas as it leaves the
hearth.

Just as it is the weight of oxygen in the hot blast entering the
tuyeres that counts in the combustion of the fuel, just <o it is
the weight of the carbon monoxide in the bosh gas that counts
in the reduction of the iron oxides in the upper part of the
furnace. There is, however, this great difference between the
two gases—whereas all the oxygen of the air blast is consumed
in the combustion zones, only a comparatively small part of the
carbon monoxide gas in the bosh gas is consumed in the reduction
of iron oxides irr the upper part of the furnace, and all the rest
passes out of the top of the furnace in the waste gases.

In Fig. 74 in the section on Reduction of Iron Ores, it will be
scen that 1,562 lb. of carbon united with 2,042 1b. of oxygen to
produce 3,574 1b. of carbon monoxide; there were other reactions
in the hearth that added 206.6 1b. more of carbon monoxide, so
that the total carbon monoxide going up in the bosh gas was
3,780.6 Ib. per ton of pig iron. In addition to the 1,532 1h. of
coke that reached the tuyeres to form carbon monoxide gas,
there was also 349 1b. of carbon that entered into reactions above
the bosh of the furnace in that multitude of reactions previously
mentioned. The net result in the weight of carbon monoxide
gas passing out of the top of the furnace was 2,977 1b. of carbon
monoxide, which does not scem to be a very efficient use of the
combustion of carbon at the tuyeres. Only 1,585 1b. of carbon
monoxide gas was required to reduce the 3,167 1b. of ferrie oxide.

Nitrogen in Bosh Gas.—The nitrogen in the bosh gas isx 18
more by weight than the earbon monoxide and consequently.,
carries more heat out of each zone into the next zone and finally
out of the top of the furnace than does the carbon monoxide, in
the ratio of 1.8:1.0. Moreover, there is apparently no chemical
reaction with the nitrogen whereas there is actually the com-
bustion of carbon monoxide gas to carbon dioxide when the
oxygen of the ferric oxide unites with the CO of the bosh gas.
This is an exothermic reaction and completes the total com-
bustion of the carbon that was formed into carbopn monoxide at

1 In Mining and M etallurgy, July, 1935.
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the tuyeres by the breaking up of carbon dioxide when in contact
with incandescent coke in the combustion zone.

HEAT BALANCE

The heat balance of a blast furnace is a balance sheet showing
the input of units of heat and the outgo of those same units.
Usually the values are expressed in B.t.u. per ton of pig iron
produced. It shows in detail the source of all the units of heat
introduced into and genecrated inside the blast furnace, which
calls for a keen knowledge of thermodynamics and an intimate
familiarity with blast furnace operations.

In addition to ‘‘those same units” of heat mentioned above
and put into the furnace by hot blast and combustion of the fuel,
there are many units of heat ‘‘ generated-inside the blast furnace”
by the combustion of the carbon monoxide gas and the oxygen of
theiron ores. There is also the heat generated by the combustion
of carbon and carbon monoxide and the oxygen of metalloids.
The net results for any one furnace arc constantly changing as is
observed in the rapid changes in the temperature of the molten
iron and slag as they leave the hearth of the furnace and in the
changes of temperature and composition of the waste gases as
they leave the top of the furnace.

Only those who have made tests on blast furnaces while in
normal operation can appreciate the countless variations that
must be taken into consideration when gathering data for caleu-
lating the heat balance of a blast furnace. For instance, the
heat balance shown on page 56 of “Iron Blast-Furnace Reac-
tions,”’! by Kinney, Royster, and Joseph, was constructed from
operating data gathered (according to the tables published) from
Oct. 13, to Feb. 16 of the following year, and ‘‘the balance sheet
of materials covers a 10-day period of operation.” The author
was told by an engineer who has the patience and the ability to
work out thermodynamic problems that it takes 200 hr. of close
application to calculate every detail of the heat balance, balance
sheet of materials and distribution of heat in a modern blast
furnace. ‘‘The blast-furnace problem is principally a thermal
problem, and must be faced as such . . . the governing factor
in fuel economy is not, in the main, chemical, but depends upon
the thermal side of blast furnace work. Generally speaking, the

! Bur. Mines Tech. Paper 391, 1927.
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necessity for thermal effects requires the combustion of fuel
beyond any limitations preseribed by chemical considerations.””!

The truth of this statement is clearly proved by the results
obtained by erushing and sizing the raw materials put into a

TaBue IV.—HgkaT BALANCE

B.t.u. per | Percent-
ton metal age
Heat produced:
1. Combustion of C to CO . 7,371,759 51 0
2. Combustion of C to CO. 4,784,637 331
3. Heat in blast (including moisture) 2,316,539 15 9
Total 14,472,935 100 0
Heat consumed: )
1. Reduction of iron oxides . . 5,577,086 38 4
2. Reduction of MnO, P,0;, and $S10. .| 825,832 | - 57
3. Calemnation of carbonates . 1,176,470 81
4. Dissociation of moisture . 1,030,464 72
5. Carried off with the iron [ 1,086,400 75
6. Carried off with the slag 1,500,632 10.4
7. Carried off with gases (dry) 1,083,650 75
8. Carried off with moisture 1n top gas . 651,819 45
Total heat accounted for 12,932,353 89.3
Heat unaccounted for 1,540,582 10.7

blast furnace.  All raw materials must be brought to the tempera-
ture of each succeeding zone of the furnace before entering it, or
clse there will be irregularitics of temperature and chemical
reactions across the planes of each zone. So far, in actual blast
furnace practice, it has been physically impossible to do this,
but the nearer we approach to it, the lower is the coke con-
sumption and the more economical is the whole blast furnace
operation.

In Fig. 73, in the section on Reduction of Iron Ores, Stout
gives briefly the heat sources and the heat distribution in the
smelting of a Mesaba iron ore that had just the right analysis
for making the kind of pig iron desired, but in practice other ores
were used in the mixture. The coke was Pocahontas beehive.
the stone was Columbus limestone. The unit used in the chart

1 H. E. Wright, before Iron and Steel Institute (Great Britain), May,
1920.
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wag 100 lb. of Hanna ore. The temperatures are Fahrenheit,

the weights in pounds.

Heat sources Heat, Ih cal
Formation of FesC. . .o 1,491
Formation of slag .. . 1,949
Burning coke .o .. 150,350
Brought 1in hy blast . 25,189

Total 178,979
Total used by chart 178,979

TABLE V —-MISCELLANEOUS OPERATING Dt
Temperature of:

°F.
Blast, 957
Top ce 335
Metal . .o 2,525
Slag 2,568
Tuycre . 2,793
Air at blowmg engine, dry bulb . 65
Air at blowing engine, wet bulh 56 5

Relative humidity, per cent
Moisture in air, grams per cubic foot ... ..

Barometer
Pressures (Ib. per square inch):
Blast,
Steam
Blowing engine:
Revolutions per nunute .

Arr blown, calculated from engine speed, dry, cubie
feet per minute at 65°F., and 30 in. of mercury
Air blown, calculated from carbon consumption and
gas analysis—
Dry, cubic feet per minute at 35°F and 30 in. of
mereury e . ..
Wet, containing 3.73 grains of water per cubie foot
Coke: '
Shatter test, per cent?
True specific gravity
Apparent specific gravity
Furnace data:
Volume of furnace, cubic feet
Number of tuyceres .
Size of tuyeres, inches.
Charges per day
Iron made, tous per day

! Average values covering period represented by balance sheet of materials

<

- A
W W O OO N

16 85
88 9

101 5

41,660

28,691
29,012

15.385
12

6 by 12
71 4
324 7

2 Percentage of coke remaining on a 2-inch square-mesh screen after 50-pound sample

had been dropped four times from a height of 6 feet upon a steel plate
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TABLE VI.—~ANALYSEs oF Raw MaTERIAL, PER CENT!
Brown | Attalla | Estelle | Nod- Lime-

Constituent ore | redore | redore | ulest | stones | COK¢
HO............ 13 98 130 3 88 9 45 010 5 40
Si0: .......... 14.10 10.05 7.74 10 80 1 00 6 76
ALOs ......... 570 320 4 83 4 20 .60 410
FeO3 .......... 61 70 | 56 10| 43 25| 53 09 1 00 121
FeO ... ....... 00 00 00 | 20.61 00 00
MnO. ........ 1 02 18 14 08 03 00
PO, 1 56 42 21 07 01 04
CaO .......... 22 14 80 | 20 91 .60 | 30 22 .27
MgO. ........ .22 30 90 10 21 21 .16
KO . ... 30 80 60 30 00 17
Na.0  ..... 30 .30 50 20 00 .06
S 10 00 10 .30 10 1 02
CO. . .80 12 10 16 93 20 45 73 00
Fixed carbon 80 35
Volatile matter . . 46
Total 100 00 | 100 00 | 100 00 | 100 00 | 100 00 | 100.00

1 Analysis as reported by Bureau of Mines
2 Nodules made from pynte sinter

* Dolomite

4 Coke made 1n Semet-Solvay ovens from washed coul

Milldale beds, Kelletman, Ala

Coal mined from Brookwood and

TaBLE VII.—-ComrosrrioNn or MareEriaus CHarcep, Pounps PER Lona
Ton oF MetTaAL Probpucenp

Constituent Scrap Brown | Attalla) Estelle Nodules Lame- Coke At Total Per
ore ore ore stone ceut

H.0 206 01) 8 52| 16 98 94 74 122 141 65 67 92 627 04] 3 47
S0 298 99| 68 68| 33 85( 108 05 12 51| 177 76 699 84| 3 86
AlQs 121 23| 20 85| 21 09| 42 00 7 54! 107 68 320 39( 177
Fa 328 98| 910 722556 97(131 90| 531 48 s 71 2220 2,189 96| 12 09
0, 395 63[110 56 57 70| 206 10, 3 80 9 57(2,224 02| 3,007 38] 16 62
Ca0 4 06| 96 58/ 91 61 6 01 379 47 705 585 38/ 3 23
MgO 423 196 392 98] 264 29 423 279 61| 1 54
P205 33 03] 2 70| 92 74 12 110 38 61 21
MnO 2158 123 61 80 .37 00 24 50 14
K.0 6 35 54 261 303 00 450 17 12 09
Na:0 6 34 20 223 2 00| 00 148 12 25 05
S 2 15 00 43 3 00] 122 26 80 33 60 19
CO: 16 92| 79 10{ 74 07 2 02] 573 86 00 745 97| 4 12
C 2,110 66 2,110 66| 11 65
Ha . 12 08! 12 08 06
N2 7,403 86) 7,403 86| 40 89

Togal 328 08{2,117 84(646 89437 921,000 95{1,253 11{2,626 85(0,695 80{18,108 34

Per cent 182 1169 357 243 5 83 6 92] 14 50| 53 54 .|100.00




174 BLAST FURNACE PRACTICE

The heat balance constructed by Kinney, Royster, and Joseph,
mentioned on page 170, is shown in Table IV.

A part of the minute details of the data nccessary for con-
structing such a heat balance is shown in Tables V-X (beginning
on page 172), from the U. S. Bureau of Mines.!

Calculation of Heat Balance.—Referring again to the section
on Reduction of Iron Ores, and this time to Fig. 74, showing
blast furnace reactions according to the ‘ Carnegie Handbook,”
we have the basis for the heat balance of that furnace as calcu-
lated by Theodore Nagel (see Table XI).2

The exothermic reaction of the reduction of ferric oxide by
carbon monoxide is slightly greater than the endothermic reac-
tion of breaking up the ferric oxide, as is shown in sections III
and IV of the heat requirements according to Nagel’s balance
sheet (pages 178f.)

HEAT DISTRIBUTION

The distribution of heat in a blast furnace is so much a part
of the heat and material balance sheet that the two go together
like the two sides of a ledger. In talking with engineers who
can make the calculations of a heat balance the author has found
that if the balance does not come out right the first time, the
chemical reactions must be readjusted and the heat required
must be recalculated. For instance, in the U. S. Bureau of
Mines heat balance shown in the previous section, there is an
item of ‘‘Heat unaccounted for’’ amounting to 10.7 per cent of
the total amount of heat produced. This amount of uncertain
demand for heat is not surprising when all the numerous fluctu-
ations are considered; the surprising thing about it all is the fact
that blast furnace operators are able to get such uniform results
of desired analysis as are obtained in modern practice, in spite of
the uncertainty as to the actual conditions inside much of the
interior of a blast furnace.

An experienced blast furnaceman can tell by the looks of his
slag, his tuyeres, his iron as it runs out of the furmace and his
gas as it burns whether or not enough heat is being generated
in the hearth to meet properly the requirements of heat distri-

! Bur. Mines Tech. Paper 391, Tables 3-8.

? NAGEL, THEODORE, ‘‘Blast Furnace Air-blast Beneficiation,” A.I. M E,
manuscript mimeographed, 1935.
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bution. Any lack of heat must be supplied by some adjustment
of the hot blast or volume of blast or by a change in the burden;
if the lack of heat is due to a water leak then the leak must be
located and stopped.

The principles of the distribution of heat in a blast furnace—
so much for chemical reactions, so much for the molten iron and
slag, so much going out of the top of the furnace in waste gas

TyBLE VIII.—ComrosiTioN o¥ MATERIALS DiscHARGED, PounDps PER LoNa
ToN oF METAL PrODUCED

1

Constituent Flue Metal Slag Gns Water Total Per

dust cent

H.0 559 12 559 12{ 3 09
=102 34 48 569.26 603 74| 3 33
ALO, 18 70 301 69 320 39y 1 77
Fe 92 472,084 25 13 24 2,189 96{ 12 10
O: 39 67 1 89 41 56 23
Ca0 13 67 571 71 585 38! 3 23
MgO 4 17 275 44 279 61 1 54
:05 92 6 79 77 04
MnO 129 2 4 373 02
K0 5 62 11 50 20 83 11
Na:0 419 8 06 8 54 05
S 8 16 99 24 45 33 60 19
CO: 13 37 1,952 30 1,965 67| 10 86
C 40 35 80 06 120 41 66
=1 45 02 45 02 25
Mn 16 17 16 17 09
P 13 51 13 51 076
H. 19 88 19 88 11
N 7,403 86 7,403 86| 40 89
Co 3,868 85 3,868 85| 21 37
Volatile matter 80 o . e 80 004
Total 277 86(2,240 00(1,786 47(13,244 89(559 12|18,108 34| . .

Per cent 1 53 12 37 9 86 73 15| 3 09 100 00

and flue dust, and so much for radiation and cooling losses—may
be the same in all cases, but the amounts and the percentages
for each item vary greatly in different parts of the world accord-
ing to the raw materials and the practice used. It is difficult to
make clear comparisons of the balance sheets of different authors,
partly because their observations and data are chosen from
different furnaces working under different conditions, and partly
because the authors choose different units for their calculations.
For instance, Stout uses 100 lb. of ore in his ‘graphic reactions
of the iron blast furnace’ (Fig. 73); Clements bases his calcula-
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tions on ‘“20 pounds pig iron produced, sheet IV’ (Table XIII);
Kinney, Royster, and Joseph based their calculations on 1 ton
of metal produced; Shadgen uses 100 lb. of pig iron as the basis
of his calculations.

TaABLE | X.—CALCULATED ANALYSES OF MATERIALS DISCHARGED, PER‘ CENT

. Flue Gas, per | Gas, per
Constituent Metal Slag | cent by | cent by
dust .
weight | volume
810, 12 41 31 86
AlLOs. Coee 6 72 16 88
Fe . .| 83.30 | 93 021 74
0. . . 14 30 11
CaO . .o 4 93 32 01
MgO 1 50 15 42
P.,0; . . . 33 38
MnO 45 14
K,0 . 2 02 64
S.. . 2.94 044 137
CO. 4 81 14 75 973
C . 14 49 3 60
Si. 2 01
Mn . 722
P . 603
H, . . . 15 2 16
N,. . . . 56 00 57 90
cO 29 15 30 30
Volatile matter .29
Total .. | 100.00 | 100 00 | 100 00 | 100 00 | 100 00

It is the author’s opinion that no one yet knows just what
takes place inside the iron blast furnace; we know what goes in
at the top and at the bottom and what comes out at the top
and at the bottom, and, vaguely, what radiates into the air and
what goes off with cooling water between the top and the bottom
of the blast furnace. But we know positively that the tempera-
ture of the iron and slag flowing from the furnace is never con-
stant, neither is the temperature of the top gases the same for
long; and we know that the composition of the gases, the iron,
and the slag is never constant; we must strike averages of all
these changing conditions.
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In The Iron Age of July 5, 1934 (page 31), are “Graphical
Balances Applied to Blast Furnace Operation,” by Joseph F.
Shadgen, which were based on the “actual performance data of
a Midwestern blast furnace, making a standard basic pig iron
out of Lake Superior ores, Michigan limestone of unusual purity
and by-product coke.” The illustrations of this article present

TaBLE X —ACTUAL ANALYSES OF MATERIALs DiscHARGED, PER CENT

Constituent (};‘lne Metal Slag Gas, by
ust volume
S10: . 12 9 32 15
AlL,O¢ e e 71 16 23 |
Fe ... 34 2 93 021 128
[ 2 14 8 13
CaO ... 52 32 29
MgO .....ooviien . 16 15 88
P.0; e e .. 35 33
MnO e e . 49 21
K.0. e e e . 21 20 64
Na,O . e e e . 1 43 45
S A .. 4 30 044 1.41
CO, . . J 06 oo - 9.78
C .. 15 07 3 60
Si.. . e . 2 01
Mn. . . .. . .. 722
P . .603
H,..... t .. L 30 .. . 217
Ne.. - . . e e 58 01
CO. e . . . 30 04
Volatile matter
Total 100.00 | 100 00 | 100.00 | 100.00

t Analysis of slag made after 1emoval of ron shot. Including shot, the slag contained
0.74 per cent Fe; 046 per cent of this was 1n the metallic form in shot, which is equal to

approximately 82 pounds of iron per ton of metal.
22,29 pounds of K20 and 0.23 pound of Na:0 carried to stoves and boilers; actual analysis

flue dust therefore lower than calculated analysis.
s Approximately 25 per cent of sulphur charged was volatilized, therefore not shown in

actual analysis. .

graphically the input and outgo of heat and materials in a clear
manner and are herewith reproduced. ““Figure 145 [78] shows the
heat balance in form of a rectangle in which the heat input is
shown to equal the heat outgo . . . the sensible heat items are
relatively small (some 13 per cent) and the reaction of the
reduction process itself accounts for about 24 per cent or one-
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TasLE XI
Oxygen from Fe,0; 4+ CO = 6,922,000 B.t.u.
Fe.0; to 2106 1b. Fe = 6,505,000 B.t.u.
417,000 B.t.u.

Hear BALANCE!
A. Furnace Burden per 2,240 Pounds I’ig Iron

4,333 1bs. ore (3167# Fe:0,;) 51.29 Fe
1,078 ‘ limestone (475# CO.) 732 1bs. H.,O
2,162 ““ coke (1881# C) 879% C
8,885 “ Air blast containing 85# 1.0 (116,000 CF)
16,458 1bs.
Furnace Products
2,240 lbs. pig 1ron (2105.64 Fe, 87# C, 22.4# Si, 20.24# Mn, 4.134 P, 0.67# S)
1,223 ¢ slag (404# Si0,)
200 ““ dust (100# FeqOy, 22# FeO, 26# 810,, 40# C, etc.)
lg,_’_l§§ “ gases? (27454 CO., 26474 CO, 6767# N,, 234 H,) + 6064 H.O
16,451 1bs.
Ozygen in Blast, Reaction to CO in Bosh
Air 8800# X 0.231 = 2033#
H.O 85# X 8¢ = 76¢ 2109# O,
Ozxygen from Burden Entering into Reactions

Ore 2105.6# X 481, = 905#
H,0 (732 — 606) X 85 = 1124

Si0; to 22.4# Si = 25.6# O,
MnOto 20,24 Mn = 59 O,
PO, to 4134 P = 55 O

37+ 1054# O
Total oxygen for reactions 3163# O:
Nitrogen 8800 X 0.769 6767# N.
Hydrogen (732 — 606 = 85)/9 23# H,
Carbon for reactions 1881 — (40 + 87) 1754# C
2109# O, blast to 3691# CO i bosh— 1582# C

(C for CO3 reversion to CO and O, from H,O to CO) 172# C
112# O, + 84# C = 196# CO
332# CO. + 88# C = 410# CO
9424 O; + 16504 CO = 2592# CO, (reduction of burden)
25924 CO; + 4754 CO, — 3224 CO, = 27454 CO.; Top gas
3691# CO + 606# CO — 1650# CO = 2647# CO “ou
(475# CO; from stone + 2270# CO. + 2647# CO) = 17544 C + 3163# O-
+475¢# CO:
! Nagel, Theodore, ‘“‘Blast Furnace Air-blast Beneficiation,” A.I.M.E.,
1935.
3 Analysis as per calculations below 154,700 CF 84 BTU/CF.
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TaBLE XI.—-(Continucd)

B. Heat Requirements and Heat Distribution per 2240 Lbs. Pig 1101
(Gas volumes at 60°F. and 30" Hg)

I. Sensible heat taken from hearth at 2750°F.

Pig 1ron 22404 X 522 1,170,000 B.t.u.

179

Slag 1223# X 833 1,020,000 * —2,190,000 B.t.u

I1. Sensible heat 1 top gas at 400°F.
H.O 6064 X 1192 723,000 B.t.u.

CO. 2745 87 239,000 ¢
CO 2647 97 257,000 “
H, 23 1365 31,400 “
N. 6767 97 656,000 ¢
Dust 200 100 20,000 “ —1,926,000

III. Exothermic reactions of burden and hosh gas

Oxygen from ore 905# + 15854 CO =
2490# CO., 680# C (14140 — 3960) 6,922,000 B.t.u.

Slag formation 404# SiO. X 666 = 267,000 ¢
0. from H.,0, 1124 O, + 84# C =
196# CO 84# C X 3960 333,000 “ +7,522,000

1V. Endothermic reactions of hurden and bosh gas

T.imestone caleined 10784 X 718 770,000 B.t.u.
Fe.0; to 21064 Fe X 3,089 6,505,000
$10; to 22.4# Si X 12,890 290,000 “
MnO to 20.2# Mn X 3,925 80.000
P.0; to 4.13# P X 10,640 44,000 “
Fe,C 87# C X 690 60,000 “
FesSi 22.44 Si X 1220 27,000 ¢
11,0 to 14# H, X 51,643 723,000 *
Pig iron fusion 2106# Fe X 126 265,000 ‘¢
Slag fusion 12234 X (945 — 833) 137,000
884 C + 322# CO. to 410# CO 88 X
6220 347,000 ¢ —9,448,000

V. Shaft and hearth heat losses

Water cooling 800 gal. 4+ 100°F. per

22404 Pig = 668,000 B.t.u.
Radiation and Hearth conduction 250
B.tu./# X 2240 = 560,000 B.t.a. —1,228,000

VI. Net heat required by CO production in hosh gas
I, II, III, IV, V +7,270,000
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TaBLE XI —(Continued)
C. VIL. Net heat produced by CO 1 bosh gas with 1250°F. hot blast
8800# Air + 85# H.O = (2109# O, + 15824 C) 36914 CO + 9 444 H,
C to CO 15824 X 3960 -6,265,000 B.t.u
H,0 to H. 85#/9 X 51,643 . —488,000 ¢
Air 116,000 CF (at 1250°F.) X 22.8 2.650,000
. 48,427,000 B.t u.
.
VIII. Reaction temperature of bosh gas
Heat produced 8,427,000 B.t.u.
“1582# C at 2850°F. X 0.376 1,700,000 **
10,4674 bosh gas (117 B.t.u. /CF) ]0 127, 000 «
91 ,000 CF N,

50,000 “ CO
1,800 “ H,

142 800 CF X 70.8 B.t.u. /CF = 10,127,000 = 3500°F.

fourth of the heat supply.” Figure 146 [79] shows the graphical
balance of the material flow through a blast furnace. The author
says that ‘“this picture makes the observer aid-gas conscious; it

;- eeemmee-f00 Yo heat input 4,300,000 b t.u.per 100 1b. of pig iron -- -->
7

ol <o m e e 93% coke (200,000 b.fu’s - - -r <o - >
blast!

J-Loss in hot

lfs| Stove process
Sensible heat 3%
< b e BT Gas e /4’._. -ew 52 % process= s+ ese o o>
Slag 4%~ | /
<-4t -BAuin gas 44 Po-- - ->f< :\“ - _:Zf%reacf/ons~>'< égZ;,,’,;fg;g’
Gas 2% St S PG 5%
= | \\\\\\
t;,*?"/gd( -33% surplus gas- >l( - - 56% transformation-- - - - >
-100% heatovfgo 1,300,000 b.fu. --- - - - - .- -

Fi¢. 78.—Graphic heat balance. (Courtesy of J. F. Shadgen, The Iron Age, July
5, 1934.)
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shows the enormous proportions of the weights and volumes of
gases handled . . . over 50 per cent of the weight that goes into
the blast furnace is wind and over 75 per cent of the output by
weight is gas.” -

The distribution of heat shown by Kinney, Royster, and
Joseph! was “compiled on the basis of the available heat, on the

oo J00 % material input 693 1b. per 1001b. of pig iron----- >
. 27Bore 6F%stone 3T coke  S4Bair .. . .. ...
‘: /87516 4a5m ”Jlb%( 375 16, >

N A\
- .*... . ....Nz S eemae = seens 2 Toed
N2
M,S,P,Si
totarl 3ib,
< Nz >
> RAON SN\ N AN
. Slor )u,(.—i % error(41(6b.)
"7?0/3—1,%"1"3%\(;‘ ERRRE 77% gases 535(b -+~ s oo .- »l
4 1b.
F-- - -5 woos e JOO% moaterial outgo 689 [b: veer oo o >

Fig. 79.—Graphic materials balance. (Courtesy of J. F. Shadgen, The Iton Age,
July 5, 1934.)

assumption that all the C is burned to CO, and all the H, to

H,0. From the gas samples it is assumed that 80.5 per cent of

the work of reduction of the iron oxides is done above the level

of plane 4" (see Fig. 76). Their data are given in Table XII.

The authors say that “more work is done in the stack above
plane 4 than in the bosh and hearth. It is indicated that 18.6
per cent of the heat is consumed in the stack, and 16.5 per cent
is consumed in the hearth and bosh.”

In England, in recent years, Frederick Clements of The Park
Gate Iron & Steel Co., Ltd., Rotherham, has published much of
his keen observation of blast furnace phenomena, including

1In Bur. Mines Tech. Paper 391, 1927.
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TasLe XII.—DisTriBUTION OF HEAT!

B.t.u. per
long ton of Total
metal
Available heat:
Per cent | Per cent
Combustion of Cto COs............. 30,695,328 91.10
Combustion of Hto HsO. ........... 685,860 2 04
Heat carried in with blast ... .. R 2,316,539 6.86 | 100 0
Total available heat. ...... ..| 33,697,727 | 100.00 | 100.0
Heat consumed in stack, above plune 4:
Calcination of stone. 1,176,470 3.4
Reduction of 80.4 per cont of iron oxides | 4,473,454 13.3
Drying charge....... .. 651,819 1.9 18.6
Heat consumed in bosh and heuth
Reduction of 19.5 per cent of iron oxides | 1,083,632 3.2
Reduction of MnO, P,O;, S10. | 825,832 2.5
Dissociation of moisture } 1,030,464 31
Sensiblc heat: |
Iniron ........ ....... . 1,086,400 32
Inslag.  ...... | 1,500,632 45 16.5
Heat lost via top gases, heat loss, otc :
Sensible heat in top gas . .. 1,083,650 32
Heat valuc of top gases  ..... 17,473,670 | 51 9
Heatloss.. .. .. ... .... .. ... 1,560,582 46
Carbon 1n flue dust . e e 586,810 1.7
Carbon in metal . ..., . 41,164,312 | 8.5 64 9
33 697,727 100 0

Table XII indicates that 18.6 per cent of the available heat is consumed
above plane 4; of this, 13.3 per cent is used in reducing 80.5 per cent of the
iron oxides, 3.4 per cent in calcination, and 1.9 in drying the charge. In
the bosh and hearth 3.2 per eent 18 consumed in reducing iron oxides; 2.5
in reducing MnO, P,0; and SiO.; 3.1 per cent in dissociating moisture,
ete. The table also shows that even though approximately 85 per cent of
the carbon is burned at the tuyere level. more work is done in the stack
above planc 4 than in the bosh and hearth. It is indicated that 18.6 per
cent, of the heat is consumed in the stack, and 16.5 per cent is consumed

in the hearth and bosh,
! Bur. Mines Tech. Paper 391, p 57.

several thermal-balance sheets. A part of one of these balance
sheets! of a furnace making basic iron is reproduced in Table XII1.

! From Frederick Clements, ‘British Blast-furnace Practice,” Iron and
Steel Institute (Great Britain), May, 1920.
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TaBLE XIII.—PaRT oOF THERMAL-BALANCE SHEET!

Heat Generated: Thermo-chemical Changes

Heat Generated in Combustion of Carbon

Total weight of carbon = 25.67 b,
Total weight of exit gases = 164.05 1h.
Analysis of gases by | Weight of carbon contained

weight, per cent in 164.05 Ib. of gns
CO? = 1330 5 95 b,
CO = 28.05 19 71 h.
H? = 0.21
N = 58.44

Therefore, heat generated by combustion
of 5.95 1b. of C into CO?

Also heat generated by combustion of
19.71 1b. of Cinto CO

595 X 14,580 = 86,751 B.t.u.

19.71 X 4374 = 86,211 B.t.u.
Heat Generated in Formation of Silieates i Slag

Weight of slag mvolved = 22,45 b

Weight of SiO: + ALO; 10.72 1h.

Heat generated on combination with
lime

Therefore, total heat generated

270 B.t.u. per pound 8iO0: + ALLO;
10.72 X 270 = 2894 B.t.u.

It

Formation of Carbide of Tron

The carbon in the hiquid 1ron 1s taken as
in the form of carbide of iron. Weight
of carbon involved

Heat of formation

Therefore, heat absorbed

I

0.6 Ih.
1270 B.t.u per pound of carbon
1270 X 0.6 = 762 B.t.u.

[

i

Reduction of Sulphur

The amount of sulphur appearing in pig iron ag Mn$S 1s very small and can be
neglected.

The sulphur 1n slag is assumed to have been reduced according to equation
FeS + Ca0O + C = Fe + CaS + CO. The thermal effect of CO formed
is allowed for elsewhere. The heat of formation of CaS = 5301 B.t.u. per
pound of sulphur.

Therefore, heat generated = 0.418 X 5301 = 2215 B.t.u.

1 Based on work of No. 3 furnace from Jan. 4 to Apr 8, 1919; The Park Gate Iron and
Steel Co., Ltd , Rotherham, April, 1919
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TaBLE XIIL.—PaRrr oF THERMAL-BALANCE SHEETL.— (Continued)
Heat Generated: Thermo-physical Changes

Heat Carricd in by Blast

Weight of blast
Temperature (average)
Therefore, heat carried

124.5 Ib.
1020°F.
(1020 — 60) X 0.237 X 124.5 = 28,320 B.t.u.

Heat Carried in by Moisture in Blast

i

Weight involved 1.0 1b.

Temperature 1020°F.

The initial air is at 60°F. and the moisture eaists as water vapour  The heat
carried will be that required to superheat from 60°F. to 1020°F.

Specifie heat (mean) = 0.42 X 0.000103t = 0.54.

Total heat carried by 1 Ih. = 1.0 X (1020° — 60°) X 0.54 = 518 B.t.u.

Thermal Balance-sheet

Heat absorbed Btu Per Heat generated Btu. Pe
cent cent
1 Reduction of sihea 3,150 1 51f L. Combustion of C to CO2 | 86,751| 41 79
2. Reduction of Fe:0, 36,804| 17 71| 2. Combustion of C to CO | 86,211| 41 51
3 Reduction of FeO 15,291 7 043 Heat generated in forma-
Reduction of MnO 928/ 0 46| tion of mhcates inslag | 2,894| 1 39
5. Reduction of P:Os 3,7100 1 824 lleat gencrated in forma-!
8. Reduction of iron silicate 820| 0 42 tion of carbide of ron 7621 0 36
7. Decomposition of CaCOs| 12,586/ 6 085 Formation of caletum
8. Decomposition of COyg 26,878| 12 96 sulphide 2,215, 1 08
9. Decomposition of ferric 6 Heat carned 1n by blast | 28,320] 13 64
hydrate 2,704 1 3207 Heat carried by mowsture
10. Decomposition of vapour m blast e 518 0 25
in blast, etc 10,816, 5 28| )
11 Total heat in molten iron | 11,320 & 45!
12 Total heat in molten slag | 21,4685 10 36
13. Sensible heat in exit gases | 11,637 5 63
14. Heat carried in vapour in
gases . 11,082 5 43 '
15. Heat carred in dust . 103| 0 05
16 Heat absorbed n blast
expansion . 649 0 31
17. Heat carried with cooling
water 18,700{ 9 02!
18 Balance—iadiation loss,
ete . . . . 19,048 9 15|
Total . . ... 207,671{100 00 Total . .. .... [207,871{100 00

tBased on work of No. 3 furnace from Jan. 4 to Apr 5 1919; The Park Gate Iron and
Steel Co, Ltd , Rotherham, April, 1919
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The calculations are based on 20 1b. of pig iron produced from
the low-iron English ores that contained only 19.66 to 26.42 per
cent iron, but 11.00 to 24.03 per cent lime (CaQ); plus about
27.3 per cent of the burden made up of tap cinder, roll scale,
ete., containing 53.82 to 70.1 per cent iron. The coke had only
83.86 per cent carbon in it, and it required 3,267 1h. of air per
ton of pig iron (6.22 gross tons!) including 10,737 1b of nitrogen.
The slag was very basic, only 32.8 per cent silica, with 14.8 per
cent alumina, 43.86 per cent lime, and 1.59 per cent magnesia,
This gave a very large volume of slag, 2,514 1b. per ton of pig
iron. The blast temperature was 1020°F. and the top tempera-
ture 350°F.

The above examples show clearly that cconomies can be
obtained by having a minimum of slag and a minimum of
nitrogen consistent with the proper operation of the blast furnace.

MOVEMENT OF THE STOCK COLUMN

In the introduction of this book it is said that in the blast
furnace process ‘“‘a column of solid iron ores (oxides of iron),
fuel, and flux descends through the vertical shaft of the blast
furnace, meeting a large volume of ascending hot gases con-
taining about 34 per cent CO gas (earbon monoxide).” The
descent of that column of solids is accompanied by a remarkable
series of phenomena, both physical and chemical. One striking
fact is that of all the solids put into the furnace at the top only
about 459, will go out at the bottom of the furnace and then as
liquids (molten iron and slag), all the rest being gasified and
returning upward in the column of hot ascending gases and
passing out of the top of the furnace; the only exception being
the very small weight of flue dust that went into the furnace
and came out again at the top in the solid state.

The gasification of the solids—the removal of moisture and
oxygen from the iron ores and the carbonic acid gas from the
limestone, and the gasification of solid carbon of the coke—takes
place in different parts of the furnace, at different. temperatures
and under rapidly changing conditions. The process continues
from the time that the solid stock is lowered from the big bell
into the furnace until the last bit of coke is consumed at the
tuyeres. ’
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In good furnace practice, solid coke will not be allowed to
come out at the iron notch nor out of the bleeders at the top;
with modern iron-notch mud guns and cinder stoppers, no hot
gases are allowed to escape at the iron and cinder notches.

The descending column takes heat from the ascending column
of gases, which exchange of heat is subject to laws governing the
flow of gases through beds of broken solids as set forth by C. C.
Furnas.!

A very thorough investigation of the movement of the descend-
ing-stock column in a 700-ton blast furnace was undertaken by
the U. 8. Bureau of Mines under the direct supervision of S. P.
Kinney.? The investigation was conducted in 1926 on No. 4
blast furnace of the Illinois Steel Co. at its South Works, South
Chicago, Ill.

The data collected in the shaft of the furnace were obtained from
4 planes above the mantel, numbered 1 to 4. They were 3 feet, 11 feet,
21 feet 7 inches, and 44 feet 1 inch below the top of the stock column.
. . . As to the conditions existing on each plane, it was shown in Tech-
nical Paper 391 (Iron Blast Furnace Reactions, 1927) already referred
to, that the rate of gas and stock flow is not uniform across any plane
parallel to the hearth. It is probable that the flow of stock in the
vicinity of the inwall is more rapid than at the center of the column.

Summary of Tests of Flow of Stock.

In seven tests the average rate of flow of stock at the stock line was
found to be 2.78 inches per minute. Individual rates, measured at the
same time, over the iron notch, the cinder notch, and opposite the iron
notch were 3.16, 2.92, and 2.93 inches per minute, respectively. The
rate measured at a point at or near the center of the top of the column
was 2.10 inches per minute; during the same period the rate measured
at a point 9 inches from the inwall gave 2.46 inches per minute. The
calculated average rate of flow in the straight section at the top of the
furnace was found to be 1.99 inches per minute.

The flow of stock in the blast furnace is not uniform. The flow
directly over the tuyeres is faster than the flow in the center of the
column, whereas the flow over the iron notch was found to be slightly
faster than that on the sides or in the center of the column. Sub-
stantiation of the belief that the column of stock is partly submerged

1 “Flow of Gases'through Beds of Broken Solids,” Bur. Mines Bull. 307,
1929,

¢t KINNEY, S. P., “The Blast-furnace Stock Column,"’ Bur. Mines Tech.
Paper 442, 1929,
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in and floating on a bath of slag and metal is obtained from the pendu-
lumlike motion of the stock column at the reception of each charge.

For description of the furnace and operation the following
figures and text arc taken from Bur. Mines Tech. Paper 442
(see Fig. 80).

Typre oF Darys COLLECTED

Observations on the Four Planes.—The gas samples and temperature
and pressure observations obtained along a radius were taken from a
point on the inwall at the back side of the furnace to the center. It is
believed that in a furnace working normally observations taken on any
radius are actually representative of any other. Clertain proof of this
was obtained in the study on the southern furnace previously mentioned,
where the composition of gas on a diameter was taken to comprise that
shown by the observed radius and one similar thereto. Upon integra-
tion of the curve thus formed a close approximation of the actual top-gas
composition could be obtained, which is fairly good evidence of uni-
formity of the composition of gas at points equidistant from the inwall.
Other evidence of uniformity at points equidistant from the inwall on
No. 4 furnace was found by means of certain tests in which the rate of
flow of stock was measured through try-rod holes. The results obtained
for these holes were compared with an observation made when a cable
was allowed to descend from a point at the center of the top of the stock.

Composition of Gas. Uniformity of Gas Samples at Furnace Top.—
These stock-flow experiments were used to determine uniformity, and
they were augmented by a series of gas samples collected from three
try-rod holes. The samples were taken at points just below the level
of the stock, on top of the stock, and at the deck ring.

Gas Temperature, Pressure, and Velocity on Each Plane—Gas samples,
temperature observations, and static and velocity pressure readings
were taken on each of the four planes from a point on the inwall, on the
back of the furnace, to the center. The readings were taken at inter-
vals of 3 to 6 inches along the radius. Duplicate samples of gas were
taken on each day of sampling, and each set of gas-sampling data was
repeated on one or more days. The temperature observations were
taken in a similar manner and were duplicated on each plane a number
of times until fairly uniform results were obtained. Pressure readings
were duplicated on each plane at each observed point on cach day’s

observation and repeated.
MEASUREMENT OF FLow OF Stock

Method.—The rate of flow of stock in the furnace was measured with
a cable to which was attached an iron rod 1 inch by 4 feet. The rod
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was lowered through a try-rod hole until the end of the rod just rested
on the top of the stock. When the big bell of the furnace was lowered,
the rod was caught by the incoming charge. The cable was then
drawn tight, and the rate of movement of the cable against a stationary
‘bench mark was recorded. This method was employed on all tests
except one, when a one-half-inch iron pipe was employed; as the pipe
descended, the time and distance were recorded. In a number of trials
two or three cables were employed at the same time at different sides
of the furnace. Each cable was held tight throughout the test, and
the time and distance were recorded at short intervals.

For the sake of comparison of rates of flow an attempt was made to
measure the rate of flow through the center of the stock colummn. In
this test a L-inch double-extra strong pipe was bent and clamped to
the lip ring. At the start of the test the weight was placed in the
stock at a point 42 inches below a 3-foot stock line at the center of the
column. The cable was fed through the curved pipe, and the move-
ment of the cable was recorded as the weight was carried down with
the stock.

The Bureau of Mines pointed out in Technical Paper 391 that com-
bustion in the iron blast furnace takes place in restricted zones at the
hearth level and directly in front of the nose of each tuyere. The
investigation in Alabama indicated that the zone of combustion in all
cases is not more than 32 to 40 inches long. Later, the author showed
that this zone extended upward approximately a like distance. Vir-
tually all of the carbon, charged as coke, reaches the tuyeres hefore
combustion takes place, and this combustion occurs in a relatively
restricted zone, where the solid carbon is converted to the gaseous
phase in a brief period. During this conversion a void is created, which
in turn has an effect on flow of stock in the column,

The author believes that uniform flow of stock across any plane
parallel to the hearth can not exist in the presence of these localized
combustion zones. The effect of the combustion zones must be trans-
mitted to the stock column. Certainly it is correct to assume that at
a point—say, 6 inches above the top of the combustion zone—the effect
of this transformation of carbon is reflected in the movement of stock.
This effect is therefore transmitted to some point higher in the column,
probably to the top of the column. With these points in mind the
cxperiments to be described were attempted. The results would seem
to indicate that the flow of stock in the furnace is not uniform.

Comparison of Flow of Stock at Three Points.—As it seemed desirable
to know whether the rate of flow was the same on all sides of the furnace
at any one time, it was arranged to let the cables down through three
different try-rod holes. This was done on July 6 at the try-rod holes
over the cinder notch, the iron notch, and the back., The rate to cast
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time was taken as a measure of the average rate. Ixamination of the
curves shows a change in the rate of flow of the stock at the time
the metal started flowing. It was found that up to the time of cast the
rates over the cinder notch and the back of the furnace were almost

LY.
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F16. 81.—Sketch showing pipe carrying cable to center of column. (From Bur.
Mines Tech. Paper 442.)

constant at 2.92 and 2.93 inches a minute, respectively, whereas over
the iron notch the rate was faster, 3.16 inches a minute.

Flow of Stock at Edge Compared with Flow at Center.—An attempt
was made to determine the rate of flow at the center of the stock column,
but as there is no access to the center of the top of the stock column an
attempt was made to convey a cable and weight through a double-extra
strong pipe from one of the try-rod holes to a point 42 inches below a
3-foot stock line. Figure 81 shows the position of the weight and cable
at the start of the test. It was hoped that the pipe bearing the cable
to the center of the column would withstand the force of falling stock,
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and it did this fairly well considering the conditions under which it
had to be maintained. The position of the end of the pipe after the
test is shown, as determined by measurement, after withdrawing the
pipe from the furnace. The end of the pipe had moved from a point
42 inches below the center of the top of the stock column to one 66 inches
below the 3-foot stock line and 50 inches from the center line, which is
52 inches from the inwall. During the test the cable was descending
from a moving pivot between the two points shown in Fig. 81.

TaBLE XIV.*—RaATE oF FLOW oF SToCK AT VARIOUS ELEVATIONS

Average | Average Period to
Distance below D ) Area, rate of flow| rate for
. 1ameter, . travel
zero stock line, foet square of stock, section, soction
feet ’ feet | inches per | inches per mint te;
minute! minute '
1 2 3 4 | 5 6

0..... . 17 227 1 99
635... .. 17 227 }, 1 99 1.99 39 2
9%... .. .. 174 240 1 89 1.94 18 5
124, ... . 18 254 179 1 84 19 6
1515. .. 1814 269 1 68 1.74 | 20.6
1814. 19 284 159 1.64 22.0
2114, 1914 299 1 52 1.55 23 2
2435, . .. 20 314144 148 24.2
27% .. 2014 330 137 140 | 246
30} . 21 846 & 131 134 26.8
334 . 21 363 | 128 1 30 27.7
3614 . 22 380 119 123 29 2
3914 . 2214 398 ¢+ 114 120 30 0
425 ... .. 23 415 | 1.09 111 32.1
45Y . .. .. 2314 436 ‘[ 1 04 107 33 6
53 .. . .| 234 436 104 107 | 840

Total . f 457 .6

* This is Table 12, p. 34, of Bur. Mines Tech. Paper 442.

! With 3,610 pounds of stock charged per minute, the weight per cubie foot = 95 5 pounds,
or 3,610/95.5 = 37.8 cubic feet move down each minute The average rate at the stock
line, therefore, 18 (area of stock line) times X = 37 8 cubic feet. X = 0.166 foot = 199

inches a minute.

The rate from the stock line to the bend line is 1.99 inches a minute,
and this rate decreases to 1.07 inches a minute at the point at which
the inwall joins the mantle; through the mantle the rate would also be
1.07 inches a minute. The period required for the stock to pass through
each section is shown in column 6 of Table 12. This has been calcu-
lated from the distance covered and the average rate for each section.
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The table indicates that 7.6 hours would be required for stock to pass
from the stock line to the top of the bosh if the flow of stock were uni-
form and there were no change in volurne. A decrease in volume would,
no doubt, increase the rate of flow, so that it is probably safe to assume
that the rate is faster than that indicated.

Depth of Charge Layer.—In connection with the depth of the charge
layer it might be of some interest to know the thickness of a layer of
stock, assuming that it has been deposited in a uniform layer at the
stoek line. On July 6 the total charge weighed 37,400 pounds, with a
calculated volume of 453.9 cubic feet. The area of the stock line is
227 square feet; therefore a charge would have a thickness of 1.99 feet
or, say, 2.0 feet. Of this layer the coke occupies 9,000/35 = 257 cubic
feet or a layer 25755, = 1.132 feet (1313 inches) thick; the limestone a
layer % = 0.172 foot (2 inches) thick; and the remainder of the
charge, consisting of ore, open-hearth slag, and flue dust, occupies
156.6 cubic feet, or a layer 156.6/227 = 0.69 foot (814 inches) thick.
If the stock were deposited in a uniform layer at the stock line, the layer
would be 1.99 feet thick. Of this the coke would occupy a layer 1.132
feet, limestone 0.17 foot, and the ore 0.69 foot in thickness, or approxi-
mately 57.0, 8.5, and 34.9 per cent, respectively.

The same calculations may be made for the straight section at the
top of the bosh, where the diameter is 2315 feet. Here the area is
436 square feet. If it be assumed that the layers remain uniform and
there is no change in packing or volume, the charge layer would be
453.9/436 = 1.04 feet (1214 inches) thick, the coke 257444 = 0.59 foot
(7 inches) thick, the limestone 40.3/436 = 0.09 foot (1 inch) thick, and
the ore, open-hearth slag, and flue dust 156.6/436 = 0.36 foot (41,
inches) thick.

During the travel down the column to the straight section above the
bosh the ideal stock layer has decreased in thickness from 1.99 to
1.04 feet or, say, by one-half. Irom this it is probably safe to assume
that if the stock were charged in uniform layers these would not be
maintained in layer form as the stock descended, first, because of the
spreading caused by the batter, and, second, because of the irregular
flow of stock in the column.

The conclusions regarding flow of stock were as follows:

1. The flow of stock in a blast furnace is not uniform.

2. The flow directly above the tuyeres is faster than that in the center
of the column, '

3. The observed rate of flow near the walls is approximately one-
third faster than the calculated average rate. It might, therefore, be
concluded that the center column is moving at a rate which is consider-
ably lower than the average.
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4. The flow of stock over the iron notch is faster than that on the
sides or in the center of the column.

5. The pendulumlike movement of the stock column during charging
would seem to substantiate the belief that the column of stock is sub-
merged and floating in the bath of slag and metal.
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FiG. 82.—A, Rate of flow of stock as measured through try-rod hole No. 1
(over cinder notch); B, rate of flow of stock as measured at center of furnace
(reached through try-rod hole No. 2). (From U.S. Bur. Mines Tech. Paper 442.)

GAS VELOCITIES

When one considers the enormous volume of air blast that is
pumped into a blast furnace which is already filled with solids,
knowing that this volume of air at 62°F. is enough to fill the
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furnace twice every minute even if the furnace were empty
instead of filled to the stock line with solid materials, and then
if one considers the voluminous additions of gases from the solid
ore, flux, and fuel, then one can realize the speed at which these
gases must pass through the stock-line area of the blast furnace.

The weight of the waste gases passing off through the down-
comers is at least 114 to 134 times as great as the total weight
of all the solid materials going into the furnace, and 314 times
greater than the combined weight of the molten iron and molten
slag flowing from the furnace at the bottom.

In the same investigation that Kinney made at No. 4 blast
furnace, South Works (copiously quoted in the preceding section),
he made many obscrvations of the velocity of the gases at several
planes inside the furnace. To get the data for calculating
velocity and volume of gas in different planes of the furnace and
at the different distances from the inwall toward the center of
the furnace, it was necessary to take and analyze many samples of
gas along the radius to the center and to determine the tempera-
ture at each point where gas samples had been taken and also to
determine the static and dynamic pressures at the same points.

The method of calculating the velocity of the gas is described
by Kinney, as follows:

If the gas composition, temperature, and static and dynamic pres-
sures at a series of points between the inwall and the center of the fur-
nace on the four planes are known, it is possible to calculate the gas
velocity at any point or series of points from the relation

V = /2gh
or gas velocity
V = F\/2gh,
where V° = velocity in feet per second
hz = velocity head of medium flowing

g = 32.2
hw = velocity head, inches of water (see page 195)
P = static pressure
T = temperature, °F.
W = weight of gas
F = Pitot tube factor = 1.47 pounds per cubic foot, at tempera-
ture and pressure observed. 1 inch of water = }{, foot of
water = }{, X 62.4/144 = 0.03611 pound per square inch.

3
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The velocity at any point in the furnace at the temperature and
pressure of said point in feet per second is as follows:

V = 1.47\/2gh.
V_147\/ X 32.2 X 144 X 0.03611 X hw

W(29299—g P) (459 2432

4592 + T

= 147 334.869 X hw
= W(29 9+ P) (459.2"453:5"
29.9 45924+ T

V= 26-90\/W(29 9+ P) (459_2 32)
20.9 4592 + T

From the observations made, the velocities and volumes of
the gases were calculated, tabulated, and charted graphically.
The estimated results were checked back through the observed
nitrogen content of the gas at each plane and the estimated blast
volume was compared with the actual volume of the blast blown
at the time the observations were made. The average variation
was only 2.8 per cent, with a maximum variation of 10.2 per
cent. The article above quoted has figures showing carbon
dioxide contents at various planes, temperatures, static pressure,
and gas velocity. There arc also figures showing the lines of
equal carbon dioxide, isotherms, isobars, and lines of equal gas
velocity in fect per second; the last of these figures is reproduced
here! (Fig. 83).

The very high velocity of the gas in the center of plane 1
(450 ft. per sccond) is accompanied with high temperature
(1350°F.) and low carbon dioxide content (7.4 per cent) showing
that only a little work of heat transfer or of reduction had been
done by the comparatively small volume of gas that goes up
through the furnace at this point. This waste, however, was
excessive and was corrected. Such high velocity is conducive to
high flue-dust loss. Kinney says that ‘velocities of gas of 40
to 50 feet a second will lift a piece of three-quarter inch coke
approximately 10 feet.”” Fine material would certainly ascend
with the gas instead of descending with the stock column under
such conditions.

1 From Fig. 34, p. 108, Bur. Mines Tech. Paper 442.
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Another investigation of the conditions inside the blast furnace
was undertaken by Kinney for the Bureau of Mines, at the
West furnace of The American Rolling Mill Company, Columbus,
Ohio, while the author was connected with that company. When
the furnace was rebuilt after the World War, platforms were
erected on the shell of the furnace at two planes with observation
holes through the shell and lining similar to those at Holt furnace
and No. 4 furnace at South Chicago. The detailed observations
were published in the March and April, 1934, issues of Blast
Furnace and Steel Plant.

Figure 84 shows the isotherms, the lines of equal carbon
dioxide content, and lines of equal gas velocity, as observed in
this investigation.

These results are far different from those obtained at Holt
furnace and No. 4 furnace at South Chicago, so far different that
some of the previous conclusions had to be modified. The
published data of these three furnaces show, in part, the following
comparison;

Item Holt Chicago | Columbus
Tons of pigiron perday ................. 324 7 721 446.3
Coke per ton of pigiron................. 2,626 1,850 1,619
Temperature of blast, °F ................ 957 1130 1239
Temperature of top gas, °F .............. 335 350 384
Actual yield of ore mixture, % ......... 49 42) .. .. 51 51
Flue dust per ton of pig iron,1b.. . ...... . .. .. 127 5
Blast pressure, Ib.. .... . . ..., . 16.85 17 6 15.9
Volume of furnace in cubic feet . 15,385 26,310 |11,354
Air blown, 65°F., per pound of coke, cu. ft . 70 57 6 59 5
Air blown per minute, engine revolutions .|41,660 50,000 28,054

At Holt and Chicago, the greatest velocities were in the center;
at Columbus it was at the inwall, where the carbon dioxide was
lowest and the temperature highest, as will be seen in Fig. 84.
In commenting on the Columbus results, Kinney said that they
“show that certain excessive heat and flue-dust losses exist in
the shaft of the furnace and that these losses take place at the top
and near the inwall of the furnace. High gas velocity at the
inwall is directly responsible for excessive wear and the ultimate
deterioration of the stock-line section of the furnace shaft.
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Decreased velocities at the inwall, with a resultant lowering of
flue-dust production, may be obtained by increasing the diameter
of the shaft below the stock-line.”

At the City furnaces of the Sloss-Sheffield Steel & Iron Com-
pany, Birmingham, Ala., there is the lowest flue-dust loss that
has ever come to the author’s attention (only 21 to 30 Ib. per
ton of pig iron in September, 1936). It was at this plant that the
wide-top furnace was first installed by James P. Dovel, then
Vice President of that company. In describing the large tops
which had been gradually constructed at their blast furnace
plants, Mr. Dovel said, in an article in The Iron Age, Sept. 22,
1927, that ‘‘the largest practical area in the upper section of the
furnace is desirable; if the area is sufficient and the distribution
of the stock uniform throughout, the upward passing gases will
filter slowly through the stock and not be forced rapidly through
openings or craters, picking up large quantities of dust. This
slow and easy movement of the upward passing gases, filtering
through the stock uniformly serves several very important
functions: The gases are cooled, thereby retaining the maximum
amount of heat units in the furnace; the gases reach the down-
comer with very low dust content, which is a great saving in
material; a longer and better contact is provided between the
hot. gases and the ore in the upper reduction zone, resulting in
better preparation of the ore for final reduction, and better grade,
more tonnage and lower coke consumption per ton produced.”

Thus it is clearly seen that the gas velocities in different parts
of the furnace can be controlled to a certain extent by changes in
dimensions of the stock line, of the big bell, and of the batter of
the inwall.

TEMPERATURES INSIDE THE FURNACE

The temperatures inside the iron bhlast furnace have been
determined by actual observations with pyrometers in many
investigations, but no series of temperature tests has been com-
plete; there are still regions of the blast furnace which have not
been explored with pyrometers and the temperatures of those
regions have been only roughly estimated.

Temperature in Hearth.—Up to the present time, the usual
way to get the temperatures of the hearth of a blast furnace is
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to use platinum-rhodium thermocouples, properly protected,
placing them in the molten iron as it flows at the cast from the
iron notch, and in the molten slag as it flows from the cinder
notch at the flushes. This method was used at East furnace,
Columbus, Ohio, in May, 1923.! The optical pyrometer can
be used only part of the time because of the fumes that arise
from the iron and the slag.

It is almost certain that the temperatures in the bath of metal
inside the hearth of the furnace are a little lower than the tem-
peratures of the bath of slag floating on top of the molten iron
and through which the iron must drop in its downward path to
the bottom of the hearth. We have found that the temperature
of the slag governs the temperature of the iron. An instance of
this is recorded in one of the author’s previous articles,? ‘ Carbon
in Pig Iron,” where a cast of iron was quite regular in temperature
with an average of 2522°F.; the maximum temperatures of the
slag in the two preceding flushes were 2623 and 2694°F., respec-
tively. In another cast, where the maximum temperature of
the iron was 2715°F., the temperature of the first flush was
2700 to 2758°F. for the last 5 min. of the flush that was running
for 9 min. The second flush was above 2700°F., except for the
first minute and the last minute of the flush.

Another investigation of the temperatures of the iron flowing
from the hearth of the furnace was made at No. 1 furnace of
The American Rolling Mill Co., Ashland, Ky., in August, 1924.
The furnace was making basic pig iron for the open hearth.
In the middle of 'this test, the hearth of the furnace was deliber-
ately made colder so as to find out what effects the temperature
and the causes of the drop in temperature had on the carbon in
the pig iron. The results of this test are graphically shown in
Fig. 85, giving maximum and minimum temperatures of the
iron at cast over a period of 10 days. By refcrence to this chart
of temperatures, it is evident that there are continual changes
taking place in the molten metal and slag inside the furnace, both
as to temperature and as to analysis.®4

' Deseribed in AI.M.E. Tech. Puper 11, 1927,

2 AI.M.E. Tech. Paper 11, 1927.

38ee Ralph H. Sweetser, Combined Carbon—A Controlling Factor in
Quality of Basic Pig Iron, Trans. A.I.M E., vol. 131, 1938.

¢+ Figure 85 was first published in Open Hearth Proceedings, A.1.A.E., 1937,
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All the above observations were made on furnaces producing
basic iron; William E. Brewster mentions' pig iron with an
initial temperature of 2800°F. as it came from the blast furnace
while making malleable iron.

Temperature at the Tuyeres.—By referring to Figs. 73 and
74 in the section on Reduction of Iron Ores, it will be seen that
Stout uses 2900°F. for the temperature opposite the tuyeres;
and that the Carnegie chart shows 2000°C. (3632°F.) for the
temperature just above the center line of the tuyeres. Neither
temperature is from actual observations. By referring to Figs.
69 and 72a in the section on Combustion Zones, it will be seen
that the temperatures inside the balloon-shaped combustion
zones may be anything from the temperature of complete com-
hustion of incandescent coke with oxygen at 1300 to 1600°F.
(calculated to be 4049°F.) down to the temperature of red-hot
iron. To attempt to get the temperature at the tuyeres of a
blast furnace with an optical pyrometer is futile because of the
constant flow of incandescent coke downward from the bosh walls
with occasional fragments of ore, limestone, or slag, or a piece
of coke not thoroughly heated. Moreover, according to the
charts shown in the section on Combustion Zones, it would not
be possible to see through about 20 in. of incandescent coke to
the point of maximum combustion of carbon to carbon dioxide.

In their discussion? of temperature observations, Kinney,
Royster, and Joseph say,

The outstanding feature of the temperature observations in the
interior of the furnace is the temperature at the center of the hearth
level. The tuyere temperatures, as recorded by several hundred obser-
vations with an optical pyromenter, average 1534°C. (2793°F.) but
this is probably many degrees below the actual temperature of the
interior of the combustion zone. The temperature as measured by a
couple at the center of the hearth is 1250°C. (2282°F.), or approxi-
mately 300°C. (572°F.) lower than the observed temperature of the
tuyeres.

There are also tuyere temperatures recorded?® as high as 1785°C.
(3213°F.).

! “Carbon in Pig Iron,” A.I.M.E., vol. 120, p. 136, 1936.

? “Tron Blast-furnace Reactions,” Bur. Mines Tech. Paper 391, p. 52.

3 “Production of High-alumina Slags in the Blast Furnace,” Bur. Mines
Tech. Paper 425, p. 17, 1928,
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Temperatures in Shaft.—The temperatures across the several
planes of the furnace above the tuyeres have been fairly accu-
rately obtained at different furnaces. The illustrations in the
preceding chapter show the great
variations in temperature along
the radius of a plane from inwall
to center of the furnace. No
set of observations so far
reported shows that the same
temperature persists across any

| fe8c Stock line
G3tham g ¥ ‘"{;xmr{r

TAaner 206°c) ~ F3 T TR

plane of the furnace parallel to V14085l am> RS
the hearth; the best that can be TS S
. . Pone2 4655°C S

done is to take an average of | RN

observations made at some cer- | | B

-ai i ) us—s¢ S " Plane3 o

jram point on the radius—at tl{( I e ey g

inwall and at the center—as is | , X ¥

shown! in Fig. 86. The tem- : v ’i':-\i
Ly . I
RS S

1
|
peratures were recorded by base- i
metal and platinum-rhodium | :

couples. On planes 1, 2, 3, and - 18taam

LN
, . Plane 4 3
4 the results are given for tem- sty 63 6Cy :1-_}
peratures at the inwall, and on o
. . < 62
planes 3 and 4 for points in 1965 dharm.
. ture-° N 3
center of the plane. | Termperature-°C S
Table XV gives the results | |Joyere 1634 o
of temperature observations in o 7"”‘: s v
. ane U, DU &
various parts of the furnace. ~6-i WYY XY
g’,\b Tuyere Jevel

The temperatures were recorded 5%
by base-metal and Pt-Rh
couples. On planes 1, 2, 3, and Fic 86.—Temperature observa-
4 the results are given for tem- tions at various ponts in furnace.
peratures at the inwall, and on glé:o;n U.S. Bur. Mincs Tech. Paper
planes 3 and 4 for points in cen-
ter of the plane. The temperatures at the center of planes 4
and 6 (tuyere plane) were recorded with a ’t-Rh couple.
Temperature of Top.—The temperature of the waste gases as
they go into the downcomer is called the ‘‘ top temperature,” and
this temperature is usually the temperature of a mixture of very
hot gases from certain parts of the whole stock-line plane and

1t Reproduced from Bur. Mines Tech. Paper 391, p. 51.
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much cooler gases from other parts of the same plane. Some-
times the gases from the center of the furnace have the highest
temperature as shown in Fig. 87.! These temperatures, vary-
ing from 400 up to 1300°F. were found at plane 1, 6 ft. below the
stock linc in No. 4 furnace, South Chicago. The reverse condi-
tion was found at West furnace, Columbus, as shown in Fig. 84
in the section on Gas Velocities.

TaBLE XV.—TEMPERATURE READINGsS AT VARIOUs POINTS IN THE

FurNAcE
Distance Distance Temper- Temper-
Point of observation below above ature at | Mture st
stock line center of nwall, °F center of
tuyeres ' 77| plane, °F,
ft. m. | ft. in,
Top gas . . . . 334
Plance 1 . 3 0 60 4 399
Plane 2 10 0 | 53 4 870
Plane 3 . 121 7 | 41 9 1364 1409
Planc 4 . : 4 1 19 3 1538 | 1661
Plane 5 . 61 12 3 | N
Tuyere . .. . |63 4+ | . . 2793 | 2282
Blast . . . . . 957 !
Slag . . R . . 2668 i
Metal. . .. | | 2525 ‘

m
N ! f

" PRESSURES INSIDE THE FURNACE

The pressures of the gases inside the blast gradually decrcase
from the initial pressure of the blast as it enters the tuyeres down
to the pressurc of the waste gases as they leave the top of the
furnace through the downcomer. The pressure at the tuyeres,
measured in pounds per square inch, depends upon the volume
blown and the conditions inside the furnace; the pressures of
the top gases depend on the volume of blast blown, the condi-
tions inside the furnace, and the back pressure of the gas-cleaning
system.

Each blast furnace requires a certain volume of blast per
minute in order to work properly; if too much wind is blown into
the furnace, it will be ‘“ overblown,” if not enough wind is blown,
there may be irregularities and there will be less tonnage. There

1 Reproduced from Bur. Mines Tech. Paper 442, p. 106.
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is no exact mathematical rule for knowing beforehand just what
volume of wind is best for any particular furnace, it can be
approximately estimated and then adjusted by practice. There
must be enough oxygen pumped into the furnace to burn properly
the amount of coke that is right and sufficient for that particular
furnace. This amount is explained in the chapter on blast
furnace capacity.

Although ‘‘the conditions inside the furnace’ relate chiefly
to the raw materials, Brassert! says that high blast pressures ‘“can
be lowered by changing the furnace lines . . . flatter boshes
will decrease the blast pressure, but a flat bosh will eventually
build up, throttle the descending column, and cause high pres-
sure, hanging, and slipping. Therefore, flat boshes are not to be
recommended as a means of maintaining low blast pressures,
so we have looked in another direction to decrease the resistance
in the stack and that is by lower gas velocities throughout. The
lower gas velocities were obtained by means of wider stacks,
larger inwall batters, and larger, but short and steep, boshes.”
Brassert, in the same discussion referred to the statement of the
late J. E. Johnson, Jr., that ‘‘considerable of the weight of the
charges is carried on the blast.”

If the pressures get too high and are much above the normal
pressure of that furnace, the stock will not move downward.
In fact, the increased pressure is duc to some condition inside
the furnace that prevents the stock from descending continually
and readily. In the author’s own experience the worst condition
causing high blast pressure was where the fuel had high ash and
was charged into the furnace in large lumps (10 in. or more,
in diameter); this was the case when using anthracite coal before
the World War, and some of the poorly made by-product coke
during the war. The author’s comments on such conditions?
were as follows:

During the War, when we had very incombustible coke, we were
obliged to cut down the volume of blast to about two-thirds of the nor-

' Trans. AJ.M.E., vol. 67, p. 620, 1922. Discussion on the paper of
Ralph W. H. Atcherson, “Blast Furnace Flue Dust,” A.].M.E., February,
1920.

2 Presented in the discussion of the paper of Royster and Joseph, entitled
‘“Effect of Coke Combustibility on Stock Descent in Blast Furnaces,”
Trans. A.I1.M.E., vol. 70, p. 237, 1924.
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mal volume, in order to get the furnace to drive. We could not handle
the furnace in any other way. Why? The coke was so hard that it
would not burn properly before the tuyeres. It was blocky and high
in ash; and as it was necessary to have so limy a slag there was an excess
of lime above the tuyeres which united with the silica and alumina
released by the burning of the coke at the tuyeres. This lime could not
unite with the coke ash until the coke was burned. The coke would
not burn under ordinary conditions; therefore, the combination between
the volume of the blast and the combustibility of coke has to be found
in each blast furnace.

Owen R. Rice! puts this question of blast volume and blast
pressure into a formula which he calls the ‘“blowing factor,” and
says,

. . . the blowing factor is simply the ratio between the blast pressure
and blast volume:

average blast pressure, 1b. per sq. in.
average wind blown, cu. ft. per min.

Blowing factor = 1,000

In no way is the physical well being of a furnace so truthfully indi-
cated as by the blowing conditions. The blast is the pulse of the furnace.
Pressure and volume conditions must be considered simultancously,
however, for the furnace may be driving well with pressures up to 18
or 20 Ib. due merely to rapid blowing; or it may be hanging and slipping
and may require slackening of the engines with but 14 or 15 lb. pressure.
High pressure and low volume produce a high blowing factor and indi-
cate poor working; low pressure and large volume yield a low blowing
factor and show proper furnace conditions.

In 1908 the author made some tests to find the blast pressure at
each tuyere and at different points along the radius to the center
of the furnace at the tuyere level. There was an apparent drop
of 2 Ib. in pressure between the bustle pipe and the nose of the
tuyere, and in two readings there was a drop of only 0.3 lb.
between the pressure at the nose of the tuyere and at 5 ft. beyond
the nose, near the center of a 12-ft. hearth.?

Pressures above the Tuyere Level.—The pressures inside the
furnace at various levels have been determined at several fur-
naces by the investigators of the U. 8. Bureau of Mines. The
drop in average static pressure from the tuyere level to the top

1 In his article “Importance of Hardness of Blast Furnace Coke,” Trans.

AI.M.E., vol. 67, p. 599, 1922.
2 Trans. A.I.M.E., vol. 40, p. 247, 1909.
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of the furnace when plotted against distance above the tuyeres is
nearly a straight line, as is shown in Fig. 88, which has been
reproduced from Fig. 48 of Kinney’s classic report! ‘The
Blast Furnace Column.”

Figure 89, adapted from the same report, shows the isobars
with pressures given in inches of mercury as in Fig. 88 mentioned
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F1i. 88.—Static pressure at various elevations. (From U.S. Bur. Mines Tech
Paper 442.)

above. It is clearly seen that across any plane inside the furnace
there is considerable difference in static pressure. It is apparent
that it is practically impossible to get an accurate ‘‘lifting value”
of the static pressure of the ascending column of hot gases in
supporting the descending column of solids. The pressures
decrease with increase of distance above the tuyeres, but at
the same time there is a corresponding decrease in the height
of the column of stock to be supported.
1 Bur. Mines Tech. Paper 442, 1929.
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CARBON REACTIONS

The whole blast furnace process is based on a unit of iron (Fe)
and a unit of carbon (C). These two essential units enter the
top of the blast furnace as solids; with the exception of the
small amounts of each leaving the top of the furnace as flue dust,
the two essential units leave the furnace as liquids and as gases.
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F16. 90.—Summary curves of gas analyses from plane 5. (From U S. Bur. Mines
Tech. Paper 391)

Practically all the iron, with some of the carbon dissolved in it
leaves the furnace in its fluid state; a part of the carbon leaves
the top of the furnace as carbon monoxide (CO) and a part as
carbon dioxide (CO;). There is also a small amount of carbon
leaving the furnace compounded in the cyanides, either as gases
out of the top and as fumes on the slag, or as a liquid in small
traces in the slag.

Carbon reactions inside the furnace are continuous, vigorous,
definite, and yet uncertain; they continue even after the molten
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iron runs out of the iron notch, when certain parts of the carbon
dissolved in the liquid iron become solid and pass off into the air
as kish or collect on the sides of the ladles into which the iron is
poured.

The carbon reaction that is most important in the blast furnace
process is that of the reduction of iron oxides by carbon monoxide
gas, as has been described in the section on Reduction of Iron
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F1g. 91.—Summary curves of gas analyses from planc 3.  (From U.S. Bur. Mines

Tech. Paper 391.)
Ores. The carbon monoxide gas, as was explained in the section
on Bosh Gas, is mixed with about 1.8 times its weight of nitrogen;
some investigators say that nitrogen is inert and does not enter
into any reactions inside the furnace but acts simply as a carrier
of heat from the hot-blast'stoves and then from the combustion
zone upward through each succeeding zone of the furnace and
out of the top with the waste gases. Other investigators,
especially Richard Franchot! place much importance on the
formation of cyanogen (CN) and concentration of cyanides
(KCN) in the center of the furnace at the bosh level, but Kinney
and Guernsey reported that ‘“the amounts of cyanides which
have thus far been found in circulation are too small to affect
significantly the fuel economy of the furnace.” This statement
1 AI.M.E., 1470-C, February, 1926.
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agrees with the author’s own investigations. Therefore, we
will not consider further the reactions of carbon and nitrogen.

We have seen that all the carbon in the coke is not converted
into carbon monoxide in the combustion zones in front of each
tuyere; only a majority of the solid coke reaches the tuyeres, and
certain varying proportions of the solid coke filled into the furnace

T :
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F1a. 92.—Summary curves of gas analyses from plane 2. (From U S. Bur Mines
Tech. Paper 391.)

are gasified in the upper zones of the furnace. In discussing the
paper' ‘“Effect of Coke Combustibility on Stock Descent,”
Richard Franchot said, in part,

The furnace acts differently with different cokes. To find out what
it is in the coke that underlies this difference in action, it will be neces-
sary to understand how any coke acts in the furnace. What are the
factors that limit the burden-carrying capacity of the coke? This is a
thermodynamic problem, solution of which is not to be found in the

_literature of the blast furnace in anv terms anvroachinge mathematieal

Per Cerl
T




THEORY OF BLAST FURNACE PROCESS 213

The author agrees with the above statement of Franchot.
There is still so much of the fundamentals of the blast furnace
process to be discovered that there is some danger that, before
any one can prove all that takes place inside the furnace, some
one will have discovered a better way to extract the iron from
iron ores. Engineers, chemists, physicists and laymen have
criticized the apparently roundabout way of using the oxygen of
the air to extract the oxygen of the iron ore, thereby getting only
4453 cal. out of the combustion of carbon to carbon monoxide
when the combustion of carbon to carbon dioxide gives 14,450 cal.
and the oxygen of iron oxides will satisfy the carbon of the coke
in the same proportion as the oxygen of the air.

The problem of the carbon reactions inside the blast furnace
presents a most interesting field for research, perhaps not so
broad and deep as the field of carbon dioxide and nitrogen and
water in the field of plant and animal life; but the addition of
greater heat and pressure makes the problem complicated and
mysterious enough to furnish a worth-while investigation

The downward path of solid carbon in the form of coke or of
limestone begins at the temperature of the outdoor atmosphere,
but the temperature rises and the atmosphere changes at onee to
one of a mixture of hot gases which not only raise the tempera-
ture of the coke and limestone but soon begin to react as shown
on Figs. 73 and 74 in the section on Reduction of Iron Ores.

Carbon (C), carbon monoxide (CO), and carbon dioxide (CO,)
are in constant warfare with each other at the different tem-
peratures in the several zones of the furnaces. Assoon as CO,
is formed in the complcte combustion of coke and hot blast at.
the nose of the tuyeres, it is broken up into two volumes of C()
immediately on coming in contact with more C in the incandes-
cent coke:

0.4 C = CO.
CO; + C = 2CO

REACTIONS OF THE METALLOIDS

Besides the reactions that bring about the reduction of iron
oxides to metallic iron and the subsequent formation of pig iron
containing several metalloids, such as carbon, silicon, manganese,
sulphur, phosphorus, vanadium, titanium, chromium, copper,
nickel, etc., there are the reactions whereby these other elements
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are reduced from the minerals combined with which in various
forms, they came into the furnace burden. Pig iron consists
of 92 to 94 per cent iron and the balance of these metalloids,
carbon usually predominating. In a later section Chemical
Composition of Pig Iron, some of the usual, and unusual, per-
centages of these metalloids in pig iron will be shown.

ANALYSES oF METAL AND Suag SampLes TakeN AT Tuvere Lever WHEN
Gas SampLEs WERE TAKEN

Desoription 8i, | Fe:Os, | 81202 | P, | Mn, | ALO| Ca0, | Mgo, | Tt
%l % | %%l %l % | % | % |G| %
0

Slag from end of
sampler No 3
tuyere, East fur-
nace, May 4, 1923,
9:30 A ..... ..| 13 29 | 31 60 0.70| 16 71| 36 25( 3 41 . . |0 250

Slag from No. 3
tuyere, West fur-
nace, May 4, 1923,
1:30pM .. ..... .| 31 77 | 23 00| 0 88/ 9 23| 30 23| 3.19 0 200

Metal from end of
sampler No. 3
tuyere, East fur-
nace, May 4, 1923,
9:30 AM ....... 2.82 ..... R 0 34 RN 1 55 |0 095

Metal from No. 3
tuyere, East fur-
nace, May 5, 1923,
9:30 AM. No 1
blast pres .13 34 . 0 257| 0 48 ool . . 12,78 10 020

Metal from No. 3
tuyere, West fur-
nace, May 4, 1923,
1:30 p.m 0 66 0 297| 0 37 . 2 23 |0 101

Carbon.—The carbon in pig iron, in its two forms of graphitic
and ““combined carbon,” undoubtedly comes from the carbon
in the coke, by contact of the soft, newly reduced iron and
incandescent coke at points all the way from the bosh line to
the iron notch. Just where the carbon goes into the iron for
the final analysis is not definitely known. The following
quotation, from the author’s previous paper! ‘“Carbon in Pig
Iron,” gives only a partial answer to the question, Where does

' Trans. A.I.M.E., Tech. Paper 11, 1927.
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the carbon enter the iron? At the tuyeres? Or below the
tuyeres?

From the few samples taken at the tuyeres during this test, we believe
that the reactions that determine the character of the slag and of the
iron are only partially completed at the tuyere level, and that much
chemical action takes place between the level of the combustion zones in
front of the tuyeres and the molten iron that collects in the bottom of
the furnace. The results shown in the table are indicative but not
conclusive,

Silicon.-—It has been gencrally thought that the silicon in pig
iron came from the silica of the ash in the fuel as it was hurned
at the tuyeres. This cannot be entirely so because the ash in
charcoal does not have enough silica for the silicon in the iron;
and coke does not have enough silica for silvery iron. The
silicon must come from the slag during the intimate contact of
molten slag and molten iron, especially when the drops of iron
pass down through the bath of slag below the tuycre level

Sulphur.—Sulphur has an affinity for solid iron from the
minute it is reduced from the ore and will not part company
until it joins with caleium in the high temperature near the
tuyeres and bhelow the tuyeres in the slag bath. If the slag bath
is too low in temperature or too acid in its analysis, the sulphur
will remain in the pig iron and very little will enter the slag.

Manganese.—From about 70 to 85 per cent of the manganese
in the ore burden will be reduced and combine with the iron,
beginning the contact of manganese oxide with solid incandescent
carbon and continuing down into the hearth of the furnace;
the balance passes off in the slag.  The hotter the hearth and the
more bhasic the slag, the more manganese will go into the pig iron.

Vanadium.—Neither vanadium nor titanium seems to be alloyed with
the iron; both are probably present as carbides; at all events, they are
found almost wholly, if not entirely, in the insoluble graphitic residue
left after the iron has been dissolved . . . Apart from any cleansing
action these elements may have by removing any nitrogen and oxygen
that may be present, the suggestion is here ventured that they affect
the structure by separating out earliest during the solidification of the
iron as uniformly-distributed, finely-divided carbides, which furnish
starting-points or nuclei for the rapid crystallization of the iron, in
this way causing a finer grain—with its accompanying greater strength—
than would be the case in the absence of these elements. That titanium
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carbide thus crystallizes out while the iron is still soft is proved by its
perfect sharp-edged cubical crystals.!

The magnetic iron ores in northern New Jersey, particularly
at Richard mine, contain some vanadium and titanium; a sample
of Richard ore (February, 1914) had 0.07 per cent vanadium and
0.348 per cent titanium.

The author found that wherc there was 0.035 to 0.045 per cent
vanadium in the pig iron there was no large amount of ‘“kish”
present when the iron ran from the furnace, even when making
the higher silicon iron.

COMBUSTION OF THE FUEL

The combustion of the fuel in a blast furnace, whether it be
coke, charcoal, raw bituminous coal or anthracite, takes place in
the combustion zones in front of each tuyere, and this combustion
has been shown in a previous section to be complete within a
distance of about 42 in. from the nose of the tuyere.

The double function of the combustion of fuel in the hearth is,
first, to provide heat required for high enough temperatures not
only to fuse the slag and melt the iron but to have enough surplus
heat above the “critical temperature” of the hearth (according
to the late J. K. Johnson, Jr.) to preheat properly the materials
coming down into the hearth of the furnace and to carry on the
chemical reactions in the hearth, in the bosh, and in the upper
part of the shaft of the furnace; and second, to provide the
carbon monoxide gas of the bosh gas, and to keep it at the right
temperature.

Up to the time of the decisive experiments of the U.S. Bureau
of Mines ““for the purpose of determining the exact nature of the
combustion of coke in the neighborhood of the tuyeres,”” and the
publication of the fundamental data discovered by Kinney,
Royster, Joseph, Perrott, Blizzard, and Sherman in 1923 and
1924, the combustion of fuel was supposed to take place at the
level of the tuyeres all the way across the hearth of the furnace.
Brassert, in his very comprehensive and clear description?® of
prewar American blast furnace practice, says that ‘‘with slow-

L SHIMER, PorTER W, ““ Vanadium in Pig Iron,” Trans. A.T.M.E., vol. 43,
1912,

2 ¢“Modern American Blast Furnace Practice,” presented before the
American Iron and Steel Institute in 1914.
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burning coke, the molecules of oxygen are not all able to combine
immediately with their molecules of earbon.  The result i~ that
the combustion is carried up in the furnace, the heat generated by
combustion is spread over a larger area, and the top t(ﬁnpolnturv
increases.”

Royster and Joseph! say that “Perrott and Kinney have veri-
fied the discovery of Ebelman, in 1841, that all of the coke burned
by the blast is consumed within 30 to 40 in. from the tuyeres,”
and mentions Van Vloten’s investigations in 1893 (sce Fie. 69
in section on Combustion Zones).

It was a perfeetly logical conelusion to believe that combustion
of the fucl took place all the way across the hearth of the furnace,
hecause that is exactly what took place in blast furnaces in
this country for over two hundred years in all the charcoal
furnaces and the early anthracite furnaces as long as the hearth
diameter was not over about 8 ft.  When the hearth diameter
was greatly increased over twice the length of a combustion
zone, which is about 42 in. beyond the nose of the tuyere (tuyeres
usually project 6 to 9 in. beyond the wall of the hearth), there
arose a different set of conditions inside the furnace, and observa-
tions and conclusions made then might not hold true now.
However, each observation in blast furnace practice made and
recorded, helps along the art of making iron, and gradually we
learn the truth of what takes place. The saying of the late
J. E. Johnson, Jr., is repeated here, 7.c., ‘“experiment on the
furnace itsclf is the only safe foundation for practice or for a
useful theory.”

In further discussion of the above paper of Royster and
Joseph? (who at first did not realize the importance of the dis-
covery of the combustion zones and drew such startling conclu-
sions that the paper was once rejected), the present author quoted
Brassert’s definition of coke combustibility given several years
before, “ What principally concerns the blast furnace is the rate
of progression of the combustion which depends not so much on
the chemical analysis as on the physical qualities of the coke.
It is this rate of progression that we term combustibility which is
the speed at which the carbon molecules in the coke combine

1In their paper “Effect of Coke Combustibility on Stock Descent in
Blast Furnaces,” Trans. A.I.M.E., vol. 70, p. 225, 1924,
2 Ibid.
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with oxygen under given conditions.” The author also suggested
a modification of Brassert’s definition to read as follows:

Combustibility of Coke.—*‘ Combustibility of coke is the rate of
complete gasification in front of the tuyeres of a blast furnace
under standard conditions of blast temperature and of blast
volume.”

Although we do not yet have any accepted standards of blast
volume and temperature, yet we must have them before we can
properly measure the combustibility of cokes. The furnace
always gives the final answer, and the place to test the combus-
tibility (to date, at least) is in the combustion zones in front of
the tuyeres.

SLAG FORMATION

The slag is one of the essentials of the blast furnace process;
its formation begins in the middle regions of the shaft of the
furnace and continues until the slag passes out of the cinder
notch or out of the iron notech. The character of the slag is the
final control of the character of the pig iron; the control of the
slag will be discussed in a later section.

The statement of Oliver Bowles! is 5o concise that it is quoted
herewith: '

The chief impurities in most iron ores are silica and alumina, and the
addition of a basic flux is necessary to form a slag. If iron ore were
reduced without flux, the siliceous and argillaccous gangue would unite
with the iron oxides to form double silicates of iron and alumina, which
would involve a heavy loss of iron. With the addition of limestone, the
silica and alumina have a stronger affinity for the lime and magnesia
than they have for the iron, and in consequence double silicates of lime
and alumina or magnesia and alumina are formed—compounds which
contain very little iron. Just as an acid and a base react to form a salt,
so the siliceous impurities of the ore react with the basic flux to form a
slag which corresponds to the salt of wet chemistry. Lime is infusible
at the temperature of a blast furnace, but when it combines with the
silica and alumina of the furnace charge it forms a liquid slag which
floats on the molten iron. At the fusion zone, approximately 159 of
the original iron exists as FeQ, and this must be reduced in the lower
part of the furnace. With insufficient flux a black slag containing iron
is likely to be made during the reduction process. It is true, however,

1Tn his article “Utilization of Metallurgical Limestone and Dolomite,”
Trans. A.I.M.E., Tech. Paper 62, 1928,
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that a normal supply of lime will not in itself prevent loss of iron in the
slag; other conditions must also be correct.

Coke is used as blast-furnace fuel, and when it burns varying amounts
of ash are formed. The ash is composed largely of silica and alumina,
which, like the similar impurities in the ore, must be removed. There-
fore the formation of a slag with the ash is a secondary function ofsthe
limestone flux. The slag should pick up the coke ash in the combustion
zone, for it is desirable to remove the ash which forms on the coke lumps
in order that the coke surface shall be clean. Inasmuch as the combus-
tion zone is the seat of life in a furnace, it is not only necessary to remove
the ash but also to produce a slag which will pass freely through this
part of the furnace. An improper slag adheres to the coke and is
chilled by the blast. This results in a sluggish tuyere, and tuyere action
must be carefully controlled by the furnace operator. The slag should
have a melting point below the average tuyere temperature, and should
be fluid enough to pour out readily through the cinder notch.

In some localities, iron ores are associated with sufficient lime carbon-
ate to be self-fluxing. Ores are said to be self-fluxing when the sum of
the calcium and magnesium oxides is approximately equal to the sum of
the silica and alumina. Such ores occur in the iron district of Birming-
ham, Alabama. They smelt very readily, as the constituents arce
intimately mixed.

The formation of slag is an exothermie reaction contributing a
rather small part of the total heat generated; in the graphic chart
by Stout (see Fig. 73) the amount of heat generated by the
formation of the slag is 1.08 per cent of the total. In the balance
shect by Clements (see Table XIII), the heat gencrated in the
formation of silicates in slag, 2894 B.t.u., is 1.39 per cent of the
total generated.

Melting Temperature of Slags.—The melting point of blast
furnace slag is a very important factor; it depends' upon the
chemical composition, especially the percentage of silica, alumina,
and lime. The most helpful guide for slag control that the author
ever saw was a plaster model of the triaxial diagram of the melting
points of varying percentages of silica, alumina, and lime made by
Wilber Stout when he was chief chemist for The Columbus Iron &
Steel Co., long before he became state geologist for Ohio. This
model showed the necessity of burdening the furnace for a slag
that has a safe margin of leeway in the variations of magnesia
and alumina when working with certain iron ores, especially

-when the alumina is only about 5.6 per cent; each slight decrease
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in the percentage of alumina makes a slag of much higher melting
point. A similar condition exists when there is very little
magnesia in the slag.

The model referred to above was made from the Eutectic
Chart of Blast Furnace Slags (Nov. 16, 1912) which is herewith
reproduced in Fig. 93.
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F1u. 93.—LEutectic chart of blast furnace slags. (Courtesy of Wilber Stout.)

Although the temperature of the slag inside the furnace is
higher than the temperature of the pig iron, it is not economical
to have a slag with a free-running temperature so high that it
takes excessive fuel to melt it.

With charcoal-furnace slags, the silica can be carried so high
that the melting point of the slag is very low, and there is a large
area of ‘“safe’”’ analysis. When basic iron was first made in this
country it was thought necessary to carry a very limy slag so
as to get low silicon and low sulphur in the pig iron. Nowadays,
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' with low-sulphur coke and a rich iron mixture it is safe to run
on a very ‘“lean’’ slag without the danger of getting high-sulphur
iron. Some open-hearth men say that basic iron from a furnace
with a very hot hearth, which means a more refractory slag, is
preferred.

In the preceding section it was stated that the formation
of the slag began near the middle of the furnace, above the bosh
line; the slag that melts at points above the tuyere level must
combine with the silica and alumina of the coke ash. It is
evident that the slag that runs from the cinder notch is different
in composition and melting temperature from the slag that enters
the combustion zone.

The questions of ‘‘free-running temperaturc” (as brought
out by the late J. I. Johnson, Jr.) of viscosity as studied by Feild!
and of the relative desulphurizing powers of blast furnace slags,
reported by Holbrook and Joseph? can now he answered, and
many hitherto mysterious actions of blast furnaces and diametri-
cally opposite theories of blast furnace practice can be explained
by the results of research of these men and of Dr. McCaffery
and his associates.

CARBON IN PIG IRON

Carbon in pig iron is not only essential but, ordinarily, it is the
most abundant metalloid present; iron without carbon could not
be pig iron. Carbon in pig iron has been accepted, but seldom
specified. How it gets into the pig iron as it is being smelted
in the blast furnace and why just about so much of it enters into
the pig iron in certain blast furnaces and more of it or less of it
enters the pig iron in other blast furnaces or in the same blast
furnace under varying conditions are problems that have not yet
been satisfactorily solved.

During the author’s own practical blast furnace experience,
he collected analyses of pig iron, including the graphitic and
combined carbon, and recorded them in reference to the per-
centage of silicon present, having in mind the generally accepted
explanation that ‘“silicon drove out the carbon.” To this actual
experience, the author has added some analyses by J. B. Rogers,
who was superintendent of the blast furnaces of the Ashland

L Trans. A.I.M.E., vol. 56, 1917,
t Trans. A.I.M.E., vol. 120, p. 99, 1936.
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Iron & Mining Co., Ashland, Ky., and was making “silvery iron”’
at the time. These analyses are shown in the accompanying
table.

The analyses do not tell the whole story, but they show that
with Pocahontas bechive coke, the total carbon was generally
high. The data relating to the composition of the slag are lack-
ing but the author’s customary practice was to have a rather basic
slag.

Carbon is present in pig iron in at least two forms, graphitic
carbon and combined carbon. As a rule the total carbon is
controlled by the character of the blast furnace fuel, but the
proportion of graphitic and combined carbon is controlled by the
temperature of the earth. The temperature of the iron as it flows
from the iron notch has been found to determine the proportion
of the two forms of carbon after the metal has gone through the
pig machine and solidified into ‘“‘iron in pigs.” A cast of basic
iron was sampled at the runner, in the 75-ton ladle and from a pig
in the car; the total carbon was 4.35, 4.25 and 4.25 per cent
respectively; the combined carbon was 0.89, 0.90 and 1.14 per
cent.

Recent studies of the effect of carbon in pig iron, reported at
the Chicago meeting of A.ILM.E.; October, 1935, indicate that
merchant pig iron from a certain furnace made with the same
fuel has a characteristic ‘‘ personality.”

Table X VI shows the effects of fuels and percentages of silicon
on the amount of total carbon in pig iron; Fig. 85, temperatures
inside the furnace, shows how the combined carbon is increased
by the lowering of the temperature of the hearth.

It has been found that the ‘‘big-hearth’ furnaces make pig
iron with higher total carbons than furnaces of less hearth
diameter using the same raw materials.

DESULPHURIZATION

One of the chief functions of blast furnace slag is to act as the
solvent for calcium sulphide which is the compound that removes
the sulphur from the iron in the fusion zone. Most of the sulphur
comes from the coke and at first it all goes into the iron as soon
as it is reduced from the ore. The first thorough study of the
relative desulphurizing powers of blast furnace slags to be made
and reported was by W. F. Holbrook and T. L. Joseph (then,
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both with U.S. Bureau of Mines}.! Their paper is the best
record and explanation of how slag reacts to take the sulphur
out of the iron inside a blast furnaee, and some of the statements
are herewith quoted:

While 1t is generally known that high temperatures and more bhasic
slags favor desulfurization, operators as a rule produce the most acid
slag that will permit proper desulfurtzation. . . . Because slag and
metallie iron are immiscible, the desulfurization reaction is hetero-
geneous, occurring only at the interfaces between slag and metal bodies.
In the blast furnace the newly reduced iron, containing FeS, descends
through the slag bath probably cither as small drops or streams, at the
interfaces of which desulfurization occurs. After its descent through
the slag the iron collects to form a bath of metal, at the top surface of
which desulfurization reaction probably oecurs. These two steps have
been thought to account for all desulfurization in the blast furnace.

The desulfurization reaction .

_FeS 4+ Ca0 22 Ca8 4+ FeO (1)

is reversible, and the produets, CaS and FeO, tend to accumulate in the
reaction zone, thus retarding the rate of the reaction. The tendeney
is for a high-sulfide film to form at the interface betwcen slag and
metal. . . . Some of the FeO formed by the
reaction of equation 1, however, is reduced
immediately by the action of carbon dissolved
m the iron:

FeO 4+ ¢ — Te 4+ CO

The CO, formed at the interface, expands
greatly at the prevailing temperature and
readily assumed the form of bubbles, which, to
escape, must cause configurations and move-
ments - the metal and slag about them,
particularly in the mterfacial film.  That this
v true is illustrated by the sulfur print in
[Fig. 94] which was made from a quickly

Fie« 91 ---Bubble of €O
outlined bv film of hgh- . A o X
sulfide slag (Holbrooh chilled specimen. This print shows a bubble

and Joscph, Trans. of (‘O leaving the interfacial zone The

ALME ol 1209 hubble 1= outlined v a part of the high-sulfide

film m wlhich it was formed  The movement of the bubble had distorted
the film and was removing some of the ('a8 at the moment of solidifica-

14 Relative  Desulfurizing Powers of Blast-Furnace Slags,” Trans.
AJ.M.E., vol. 120, 1936.
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tion to some point wishin the slag bath. As such a bubble rises through
the slag bath probably it leaves a trail of Ca8, which then spreads by
diffusion and by the movement of other bubbles. Thus, it is evident
that diffusion alone need not account for the removal of CaS from the
interface between the slag and metal baths.

There is much more of vital interest in this clarifying paper by
Holbrook and Joseph, but space does not permit full quotations,
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Fia. 905 —Effect of MgO on basicity and desulfurization.  (Holbrook and Jose ph,
Trans. AL.M E., vol. 120)

The effect of MgO on basiecity and desulphurization had special
study, and it was found that ‘“basicity does not fill all require-
ments as an index of desulfurization.” [These effects are shown
in Fig. 95.] From this figure it is evident that along the rising
characteristic increasing MgO results in decreasing desulphuriza-
tion but slags containing increasing amounts of MgQ, owing to
its thinning effect, attain higher basicities and therefore greater
desulphurizing powers hefore the range ‘of abrupt thickening is
reached. Thus the most striking effect of MgO is to permit the
use of higher basicity than would otherwise be possible. They
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also report that their test “tends to indicate that viscosity and
desulfurization are not closely related.”

Summary.—A laboratory method has been devised by which the
relative desulfurizing powers of slags of varying composition may be
determined. Data and diagrams are presented showing relative desul-
furizing powers at 1500°C. (2732°F.) of all blast-furnace slags containing
10 per cent or less of MgO that are likely to occur. No simple relation-
ship was found by which chemical composition as designated by the
term ‘“basicity’’ could be compared with desulfurization. It is shown
that to relate basicity and desulfurization MgO cannot be combined
with CaO as ‘‘total bases,” nor can Al.O; be combined with SiO, as
“total acids.” Moreover, Al:O; cannot be ignored in computing basic-
ity, as is frequently done. Iach oxide has its own effect on desulfuriza-
tion, and the degree of the effect is not constant for all ranges of
composition.

MgO has been found to be slightly deleterious to desulfurization of
acid slags. The effect becomes increasingly undesirable as basicity is
increased to that of slags of average composition. The presence of MgO,
however, is decidedly favorable to desulfurization in the more basic slags.

1t is suggested that the evolution of CO accompanying desulfurization
has an important role of the over-all process. It retards the descent of
falling metal drops and carries Ca8 and globules of metal away from the
bath interface and into the slag, in both instances contributing to the
effectiveness of the reaction.

CHEMICAL COMPOSITION OF PIG IRON

“Pig iron is the metallic product of an iron blast furnace,”
so said the Canadian Government as cxplained in the opening
sentences of this book. The United States Tariff Commission’
said further that ‘“pig iron” applies to all iron produced in the
iron blast furnace whether used in the molten condition or cast
into pigs.

Such definitions have sufficed for bounty and tariff purposes,
but are inadequate for the intricate ramifications of the iron
and steel industry. In the section on Carbon in Pig Iron is
the statement that ‘“‘carbon in pig iron is not only essential but,
ordinarily, it is the most abundant metalloid present; iron with-
out carbon could not be pig iron.”

Carbon is present in steel, and nearly always there is more
iron (Fe) in steel than there is in pig iron. When the truth of a
matter is not clearly known, there is much ground for argument

1 U. 8. Tariff Commission Report on Iron in Pigs, Feb. 2, 1927,
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and theories. And such has been the case with that simple, yet
mystifyingly complicated, metal that we call “pigiron.” In The
Iron Age, Nov. 17,1935, is an article by A. L. Norbury, as published
in the Bulletin of the British Cast Iron Research Association, entitled
“Cast Iron and Steel Differentiated.” He reviews the sets
of definitions, as adopted by committees and commissions,
beginning with the classification based on the amount of carbon
contained in the metal, approved by an international com-
mission at Philadelphia in 1878. He quotes Roberts-Austen
(1898); Murray’s Dictionary (1901); Journal of the Iron and
Steel Institute (1902); Howe and Sauveur (1912); J. W. Mellor
(1932) ; and makes the following remarks:

{

The definition of the terms ‘“cast iron” and “steel” has been the
subject of a great deal of discussion. It has been discussed at inter-
national conferences, in the law courts and in numerous papers by
metallurgists of all nationalities. The development of low-carbon
alloyed cast irons has increased the need for some recognized dividing
line. The best method appears to be to fic this in terms of the presence
or absence of eutectic. Definitions of the terms in this manner, together
with definitions of one or two other terms, are herein described as a
basis for discussion. Some extracts from literature on the subjget and
a discussion of the limitations of some of the earlier definitions are also
presented.

The suggested definitions are as follows:

Steels.—Alloys of iron and carbon (other than malleable cast iron)
with or without other elements, which do not contain carbide eutectic
or graphite eutectic in the microstructure.

Cast Irons.—Alloys of iron and carbon with or without other ele-
ments, which contain carbide eutectic (white cast iron) or graphite
eutectic (gray cast iron) or both carbide eutectic and graphite eutectic
(mottled cast iron) in the microstructure.

Malleable Cast Iron.—The product obtained by eliminating the car-
bide eutectic from solid white cast iron by decarburization (whiteheart)
or by conversion into graphite by annealing (blackheart).

Pig Iron.—Pigs of cast iron from the blast furnace.

Refined Pig Iron.—Pigs of cast iron whose chemical analysis and
structure have been modified either before solidification from the blast
furnace or by treatment involving remelting.

Semi-steel.—1It is recommended that the use of the term ‘semi-steel”’
be abandoned. )

In Table X VI, there are several kinds of pig iron given illustrat-
ing the variations in total carbon, graphitic carbon, and combined
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carbon. These analyses are all from actual practice—all but
three from the author’s own experience—yet they are far from
complete. There are several other clements in pig iron besides
the five usually reported, 7.e., silicon, sulphur, phosphorus,
manganese, and carbon. Almost all such elements come from
the iron ores smelted, whether they be the virgin iron ores or
the miscellancous iron-bearing by-products and serap making
up part of the burden. Usually the admixture of these elements
is unavoidable; the results may be deleterious, but more often
they are advantageous. Some of these metalloids are present
as alloys of iron, and some probably as carbides, and the graphite
is present as such, and is not chemically combined with the
iron.

CHEMICAL COMPOSITION OF SLAGS

The clearest practical illustration of what a blast furnace
slag really is was given to me by Wilber Stout, state geologist of
Ohio, when he was chief chemist and the author was superin-
tendent of The Columbus Iron & Steel Company. He said that
a molten slag was like an igneous rock in its molten state with a
lot of mineral compounds dissolved in a magma, and that when
the slag was cooled to its solid condition the erystals of these
various compounds could be discerned by the microscope. That
was back in 1909 when very little research work in slags had been
done, and each blast furnaceman had his own theory about
silica~alumina ratios and the effects of magnesia.

Stout made a plaster model of the melting temperatures
of the silica-alumina-lime compounds that in a very practical
way showed the ““safe’” areas for slag composition expressed in
terms of percentages of silica, alumina, and caleium oxide. The
danger lines when only 4 to 6 per cent alumina is in the slag were
clearly shown; also the reasons why a very limy slag will make
a furnace run “cold,” and, if there is no magnesia, as in slags with
oyster shells or pure ealeite, why a furnace goes into a “lime
set” (appropriately called a “lime bum?’).

Since those days, much scientific research has been done
by Rankin and Wright (1915), J. E. Johnson, Jr. (1918), Feild
and Royster (1918), and McCaffery, Oesterle, and Schapiro
(1926). This work covers viscosity of slags, temperatures of
formation, ‘‘free-running’’ temperatures, ' the theory of the
critical temperature (Johnson), and the theory of solid solutions
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in quaternary systems. The following quotations' give the
results of their study of the general subject of slags:

As blast furnace slags are included in the silica alumina-lime-mag-
nesia gystem, which is a particular case of four-component solutions, we
have determined that there are 22 components, Table XVII, which may
enter into the silica-alumina-lime-magnesia system and that 10 or 12 of
these components may be present in blast furnace slags which are within
the ordinary range of eomposition. To have a very definite conception
of the behavior of these components in a slag, we have developed the
theory of the cooling of a four-component solution from the liquid state
to the solid-and the conclusions that we obtained have been made use
of in this paper.

THE FOUR-COMPONENT SYSTEM, SILICA-ALUMINA-LIME-MAGNESIA

A blast furnace slag composed of silica, alumina, lime and magnesia
generally will not contain any of the above four substances as such, but
it will be composed of compounds of silica, alumina, lime and magnesia.
The importance of this is that the properties of the slag are not the prop-
erties of silica, alumina, lime and magnesia, but the properties of the
slag result from the properties of the compounds which may be present.
Slags are solutions of these compounds in varying proportions and the
properties of the slag depend, both in the liquid state and in the solid
state, on the proportions of the compounds present and their mutual
effect while liquid and also to a different degree while solid.

It then becomes necessary to study a four-component solution, for
a silica-alumina-lime-magnesia slag is but a particular case of such a
solution. Generally there are a fairly large number of types of solutions
but in the particular four-component solution we are studying, it hap-
pens that the binary types composing it, that is the two-component types
that are present in the system, are of only two kinds, first those two-
component solutions or hinaries which have components that are not
mutually soluble, or, in other words, that form eutectics, and secondly
those binaries, the components of which are soluble in each other in all
proportions or that form an isomorphous series. The general discussion
of four-component solutions which follows, takes up only those including
these two types of binaries, which are alone needed in the discussion of
blast furnace slags, and we do not attempt to discuss all the types which
might possibly occur in a four-component system.

The names and composition of the oxides and compounds which may
enter into the composition of slags are given in Table XVII. They

1 McCAFrFERY, RicHARD S., JosEPH E. OEsTERLE, and LEo ScHaPIRO,
‘“Composition of Iron Blast Furnace Slags,” A.I.M.E., Tech. Paper 19, 1926;
1ssued as A.J.M.E., Pamphlet No. 1603-c, with Mining and Metallurgy,
November, 1927.
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number 22 in all and only about 12 would commonly occur in the
range of composition of ordinary blast furnace slags. Of all the binary
combinations that may occur, there are only two isomorphous series,

D

3
F16. 96.—Diagram of four-component equilibrium when binaries form eutectics.
(A.I.M.E., Tech. Paper 19.)

the diopside-clino-enstatite or pyroxene series! and the akermanite-
gehlenite or melilite series,? both of which may commonly occur in
blast furnace slags, the first in charcoal furnace slags and the second in
coke-furnace slags. All the other binary combinations form eutectics.

IN. I.. Bowen: The Ternary System: Diopside-Forsterite Silica. Am.
Jnl. Sei. (1914) 88, 207.

2 A. F. Buddington: On Some Natural and Synthetic Mehhtes. Am.
Jnl. Sei. (1922) CC 117, 35.
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The equilateral tetrahedron, a symmetrical geometrical body, lends
itself nicely to representation of systems of four variables as the sum of
the perpendicular distances from each of the four faces to a common
point within the body is a constant.! The four apices of the body repre-

TasLe XVIL.—Names anxp CowmposiTioN oF OxipEs aAND CoMPOUNDS
WaicH May ENTER INTO COMPOSITION OF SLAaGs

Composition of oxides Compnslhon. Car-
Ref- tesian co-ordinates
erence Mineral e DU R
letter
AL:O5 | CaO | MgO | Si10: X Y 7
A Akermanite 41 14| 14 79| 44.07(0 2943|0 4243(0 1208
B Anorthite 36 65| 20 16 43 19| 5824, 3741 0000
C Calcium aluminate 64 51| 35 49 8451 0000{ 0000
D Calcium bisiheate 48 28 51 72| 2586 4479 0000
E Calcium orthosiicate 85 12 34.88] 1744} 3021f 0000
F Cordiente . 34 86 13 79| 51 35| 6743| 4845 1127
G Chino-enstatite 40 17| 59.83| 5000| .6341 3282
H Corundum 100 00| 1 0000 .0000| 0000
J Cnstobalhite . 100 00{ 5000, 8660( 0000
K Diopside 25 90| 18 62 55 48| .3705( 5342 1521
L Forsterite 57.31) 42 69| 5000| 5351] 4682
M Gehlenite 37 18| 40 91 21 91| 4813| 1897 0000
N Madisonite 21 46| 23 61| 16.98| 37 94 4892/ 3777 1387
o Monticellite 35 84 25 77| 38 39 3208 4068| .2105
P Penta calcium tialummate 52 17| 47 83 5217\ 0000 0000
Q Periclase 100 00 5000{ 2887, 8170
R Tricalcium alumnate 37 73| 62 27 3773| 0000| 0000
S Tricaleium disilicate 58 34 41 66| 2083| 3608 0000
T Tricalcium pentalummate 75 18| 24 82 7518, 0000 0000
U Sillimanite 62 92 37.08[ 8146/ 3211 0000
w Spinel 71 65| 28 35 .8582! 0818| 2316
X Lime 100 00 . 0000/ 0000 0000

sent respectively the four variables, each apex representing one indi-
vidual variable. Any point selected within the body will represent the
combined effect of the four variables. Any point selected on a face
removed from facial intersection lines limits a perpendicular distance
from this face to zero, and consequently excludes the presence and
resulting effect of the variable represented by the apex opposite this
face. Such a point thus includes but three variables in the system
and is a point in the ternary system represented by that face of the
tetrahedron. Any point on a facial intersection line by similar reasoning
excludes two variables, includes the remaining two, the two connected
by the line in queétion and consequently represents a point in the binary
system composed of the two points connected by the line.

1t H. M. Howe: Note on the Use of the Tri-axial Diagram and Triangular
Pyramid for Graphical Illustrations. Trans. (1898) 28, 346.
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With the ternary equilibrium established, giving the faces of the
siliéa-alumina-lime-magnesia tetrahedron, and placing therein Madiso-
nite, we constructed the space model for the four-component system
and Fig. 97 illustrates such a model showing the volumes of primary
crystallization.

Triclymite " Coleium bisilicate “Carteivm orthosilicarte

Fira. 97.—Equilibrium diagram of SiQ:-Al:0;-Ca()-MgO system. (A.I.M.E.,
Tech. Paper 19.)

To those who are mathematically minded in reference to the
countless varieties and composition of blast furnace slags,
the author cites the technical paper,! “Composition of Iron Blast
Furnace Slags,” by Dr. Richard 8. MecCaffery, Joseph ¥.
Oesterle, and I.eo Schapiro of Madison, Wis.

Other Variables.—There are so many other variables in blast
furnace slags besides the four principal components (silica,
alumina, lime, and magnesia) that it scems practically impossible
to reduce the chemical composition of blast furnace slags to
exact mathematical equations. These other variables are
calcium sulphide (CaS); iron in some form or other besides the
metallic iron present in small globules or ‘“shot”; manganese
oxide (MnO); alkalies nearly always in small quantities, and in
large quantities in Southern practice; infrequently barium is

1 A I.M.E., Pamphlet No. 1603-c, Oct. 1926; Tech. Paper 19.
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present! as BaO; once a trace of leadmonoxide was found in
the slag of a furnace using an ore that had only 0.10 per cent
lecadmonoxide in it. Practically no phosphorus goes into the
slag, but in making low-phosphorus pig iron with a large slag
volume the author has found as much as 0.0023 and 0.0024 per
cent phosphorus in the slag, which was an item of importance
when the guarantec was 0.035 per cent phosphorus in the pig
iron.

Bicalcium Silicate.—One of the worst compounds to oceur
in a blast furnace slag is bicaleium silicate (2Ca0:Si0),) which
expands on cooling and goes into an impalpable powder. It
forms in slags where there is an excess of CaO after the formation
of Ca0:8i0, or of 2Ca0:Al,0;:8i0,  Possibly blast furnace-
men are not troubled with it any more, hut it was a curse when
using high-sulphur Cuban ores and oyster shells for flux; and it
caused many “lime bums” in the nineties.  Only once has it heen
known to be of use, and that was during the World War when it
was desired to have a lime compound that would expand and
go to an impalpable powder. When asked about such a slag
that might be made by melting the proper rocks, Wilber Stout,
assistant geologist of Ohio, gave the analysis, and said that
“the slag contains a high percentage of the bicaleium silicate,
2Ca0).8i0,. The slag as I recall it is approximately as follows:
Si0,, 29.50%; Al:O; 13.50%; Fe,05 0.50%; CaO, 50.009;
Mg0), 3.50%; S, 2.009%,; MnO, 1.009%,.”

Calcium Sulphide.—As explained in the chapter on desul-
phurization, calcium sulphide is the very stable compound that
carries off the sulphur from the iron. There must be sufficient
volume of slag, hot enough and fluid enough, to form the magma
for caleium sulphide. If the slag becomes excessively ‘“‘limy”
and there is not heat enough in the hearth to bring the tempera-
ture up to the point where the slag will be “free running,”
then the lime will not react to take the sulphur from the iron and
“buckshot,” a sluggish pasty mixture of iron shot and limy slag,
will form and gradually stop up the iron notch and cinder notch
unless the furnace hearth is brought up to the right temperature.

The highest sulphur and calcium sulphide content of which
the author has record was 3.74 per cent sulphur (8.41 per cent

1 SWEETSER, R. H., “ Barium Oxide in Blast Furnace Slag,” The Iron Age,
vol. 85, p. 259, 1910. !
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calcium sulphide) in a slag at a merchant furnace in Columbiana
County, Ohio; the analysis of the slag was SiO,, 28.20 per cent;
Al O3, 21.00 per cent; CaQ, 43.71 per cent; MgO, 5.59 per cent;
Fe, 0.20 per cent; Mn, 0.09 per cent.

Low Alumina.—A blast furnace burden that contains only
small amounts of alumina in the gangue of the ore and in the
coke ash is liable to cause difficulties in the composition of the
slag. The danger line starts with slags containing less than
10 per cent alumina. TUnless such a slag contains about 40 per
cent silica, it will be very difficult to keep the hearth of the fur-
nace hot enough to make the slag free running. A glance at
the eutcctic chart of blast furnace slags (Fig. 93) will explain
this danger area.

High Magnesia.—In practice the author has never found that
slags with high magnesia were desirable or profitable. In the
Lehigh Valley where dolomite abounds, it was customary to use
the magnesian limestone rather than pay a little more freight
for the calcite from the Reading District. The slags would run
from 17 to 23 per cent magnesia, and 26 to 28 per cent lime; the
silica would be 30 to 34 per cent, and the alumina 13 to 11 per
cent. Such a large amount of magnesia only added bulk to the
slag volume, thus increasing the coke consumption; there was
considerable iron oxide in the slag, and often much iron carried
out mechanically by the slag. The calcium sulphide in this slag
was about 4 to 5.75 per cent, there being considerable sulphur
in the coke used.

CHEMICAL COMPOSITION OF WASTE GAS

The chemical composition of the waste gases passing out
of the top of the blast furnace is one of the important indicators
of the blast furnace operation and shows whether the reduction of
the iron ore has been economically carried on. In previous
sections it has been shown that the weight of the gases coming
out of the furnace is greater by a half to three-quarters than the
weight of all the solid materials going into the top of the furnace.
The main constituent of the waste gas, as with the bosh gas
and with the air blast, is nitrogen, that inert heatwaster of the
blast furnace. For every ton of pig iron flowing through the
iron notech, there will be 3 tons of nitrogen at top temperature
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carrying off more than half of the sensible heat that leaves at
the top of the furnace.

The next constituent in point of weight is the oxygen which
came into the furnace as a gas in the blast, as a solid in the oxygen
of the ore and the carbonic acid of the limestone, and as a liquid
in the moisture of the ore.

The third in weight is the carbon which came into the top
of the furnace in solid form in the coke and the limestone;
about 4 per cent of the carbon leaves the furnace in the liquid
iron, and a very small part goes out as a solid in the flue dust;
all the rest goes out as gas.

Water vapor accounts for about 10 per cent of the total weight
of waste gases; water enters as moisture in the ore, coke, and
limestone. The water vapor that enters in the blast is disso-
ciated at the tuyeres; the hydrogen is a powerful reducing
agent and in its reaction goes back to H.O again. However,
there is free hydrogen and some CH, in the waste gases off the
top of the furnace.

The analysis of the waste gas varies for many different reasons
as explained in other parts of this book, but in using the same
materials and making the same kind of iron the analyses will be
fairly uniform. The following analysis was of waste gas at an
Ohio blast furnace making basie iron in the month of August:

CO, % | CO, % | H, % I CH, N, % B.ta. CO{;:O”'
(7]
1
13 2 25 8 2.1 { 57.9 89 195

The average outdoor temperaturec was 74°F.; the average
moisture in the atmosphere was 4.80 grains per cu. ft.; the coke
per ton of pig iron was 1,591 Ib.; average silicon in pig was
1.27 per cent; average sulphur was 0.028 per cent. The coke
had 92.7 per cent fixed carbon; 6.6 per cent ash; 0.70 per cent
volatile; 3.79 per cent moisture; and 0.57 per cent sulphur. The
superintendent of the furnace told the author that he always
found more hydrogen in the gas than there was in the moisture
of the air blast.

In this country, coke is the usual blast furnace fuel, but in
Scotland there are some furnaces using bituminous coal as the
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only fuel. In such cases the waste gas is rich in the by-products
of the low-temperature distillation of bituminous coal, and these
by-products—tar, creosote, ammonia, and motor fuel—are
recovered. When raw bituminous coal was used for blast furnacc
fuel in this country, there was no recovery of these hy-products.

In Part V of this.book are some analyses of waste gas showing
two cases of fairly high carbon dioxide content. These gas
samples were taken at one particular spot, and it is possible
that the samples did not fairly represent all the gas moving out
of the top of the furnace at that time. This difficulty of getting
a representative sample is well shown in Fig. 84 (center figure),
which gives the lines of equal carbon dioxide content.



PART IV
OPERATING THE BLAST FURNACE

In running an iron blast furnace the following fundamentals
should be kept in mind:

1. The furnace makes iron only when the blast 1s on.

2. The blast furnace plant should be so constructed as to make 1t safe and
easy for men to operate it in the right way.

3 There is a cumulative effect in a good thing; it is better to remove the
cause of trouble than to continue to apply a remedy.

4. “If you want to make butter you must churn eream,’”” Col. Nimson of
North Carolina used to say m selecting materials for making low phos. pig
wron.

LINING THE FURNACE

After the steel work of the blast furnace is completed the
next step is to put in the blast furnace lining which must conform
to the lines of the furnace. The dimensions of a blast furnace
that denote the lines are the diamecters of the hearth, of the
bosh, and of the stock line; the height of the furnace inside,
from the level of the iron notch up to the level of the top plat-
form, which is usually the level of the top of the big hopper;
the height of the bosh diameter above the center line of the tuy-
eres; the angle of the bosh; and if there is a straight part above
the top of the bosh, the height of this cylindrical section is
given.

When the lines have been decided and approved, then a brick
count is made up which is a complete list of all the firebrick of
each size and each shape that will be required to lay up the
lining as designated by the cross section and elevation of the
furnace lining. The different sections of the furnace require
firebrick of different kinds of clays and of different characteristics
and the brick are usually designated as ‘“hcarth and bosh,”
“inwall,”” and ‘““top”’ brick as to composition and structure. In
cach of these classifications are all the sizes and shapes necessary

to lay up the lining according to the design and dimensions.
237
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Sizes of Bricks.—In this country most of the linings are made
up of standard 9-in. and 13-in. brick as shown in Fig. 98, which
shows a part of a brick count for a furnace built by Freyn
Engineering Company. This furnace required a total of 450,937
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Fia. 98.—Part of brick count for a furnace.
Company.)

gross 9-in. equivalent (442,380 net); and 177,000 1b. of ground
fire clay. With these /‘straights” and ‘“keys” any diameter of
circle can be laid up. For the tuyerc arches and cinder notch
arch and arches for the bosh plates side arch and wedge are
used (No. 1 arch and No. 1 wedge), as shown in Fig. 99. There
was a time when shape brick were used, i.e., large blocks of fire

(Courtesy of Freyn Engineering



OPERATING THE BLAST FURNACE 239

clay that were so shaped and of such size that only a few were
needed to form the complete arch for a tuyere cooler. These
big blocks were objectionable from cvery standpoint, and it is
questionable if there was any saving in cost; it was difficult to
get them properly burned all the way through.

Brick are sold on the basis of 9-in. equivalent (101.25 cu. in.
but only 95 cu. in. is used for calculating the brick count); a
9-in. straight being, 9 in. X 414 in. X 214 in.

Requirements of the Brick.—The firebrick in the hearth of a
blast furnace must withstand the very high temperatures
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Fig. 99.-—Arch over bosh plates. (Courtesy of Freyn Engincering Company.)

of the combustion zones and of the molten slag and molten iron;
they must also withstand the action of the various slags that
are constantly changing in their composition in the region
between the level of the tuyeres and the level of the cinder notch.
Firebrick for this part of the furnace must not be susceptible
to any further shrinkage.

This secondary shrinkage of firebrick in the hearth bottom
of furnaces has been the cause of many serious breakouts in the
hearth. This sometimes has occurred within a few days after
blowing in a new furnace or one that has been relined. There
have been a few cases when the whole hearth bottom has floated,
causing a newly blown in furnace to be blown out at once. It
would appear that such a simple requirement would always be
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met and that it should not be mentioned in a book on modern
blast furnace practice, but the author realizes that cach genera-
tion of blast furnacemen must learn for itself and that no genera-
tion can bequeath experience to the following generation.

Each blast furnace superintendent should personally know
that the firebrick going into the bottom lining of his blast furnace
have been burned so hard that there will be no further shrinkage
when the hot iron strikes them. A blast furnace superintendent
should personally sce the laying of the brick in a furnace lining
to the extent of a personal inspeetion cach day. The bricklayers
may be very skillful and conscientious, but the superintendent is
responsible for the lining as long as it lasts, and he should know
how it was put in, what sort of joints were laid, and whether the
packing between shell and brickwork was properly placed.

Blast furnace linings last so many years nowadays that it
is possible that a furnaceman may seldom sec a lining put in.
Careful inspection may prevent a ‘““hot spot’ later on.

Top Brick.—The firc-clay mixture for top brick has the largest
proportion of plastic clay, and is ground fine and hard burned.
The top brick have to withstand abrasion and gas reactions;
under certain conditions ‘“‘carbon balls” will form and cause
disintegration of the brick (see Fig. 100 for top-brick count).

Centering the Furnace.—One of the most important and most
delicate details in putting in the lining of a new blast furnace
is to set the center pole exactly in the center of the furnace from
the hearth level to the top of the furnace. Many furnace linings
have prematurely worn out in spots, or entircly, just because
of failure to plumb the furnace and set the center pole exactly
vertical. Sometimes, in order to speed up the lining of a furnace,
brickwork has been started at.the mantel and in the hearth
bottom at the same time, using a different center pole for each
section. In such cases the center pole should be reset from the
bottom to top as soon as possible.

RELINING THE FURNACE

When the lining of a furnace is badly worn out in any part,
or all parts, it must be blown out and relined. It is seldom that
the whole lining, including the bottom brick, is renewed, but
Fig. 101 shows such a case, where even the foundation was
renewed. The shell and bustle pipe were shored up on timbers.
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As soon as a furnace is blown out for relining, it is good practice
immediately to get the lines of the worn-out lining by taking
the measurements of the diameters every 4 or 5 ft. from top to
bottom. A wire plumb bob is suspended from the top, centered
at the center of the big hopper, and the measurements are taken

Fic. 101.—Relimng u furnace and renewing foundation. (Courtesy of The
Amertcan Rollvng Vil Company )
from a swinging scaffold let down through the furnace. These
burned lines often give valuable information regarding the
causes of failure of certain parts of the lining or of success of
some new form of protection. In his paper! ‘“Refractories for
Iron Blast Furnaces,” Roy A. Lindgren gave the burned lines of
a furnace that had produced 1,622,765 tons of iron on the lining
(see Fig. 102).
t Trans A 1.M.E., vol. 125, 1936.
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Lindgren described the effects of the disintegration of fire-
brick by carbon deposition and gave results of tests made to
find out why some firebrick will disintegrate in the furnace and
others will not. They concluded that neither the percentage
of total iron nor the percentage of iron oxide indicates whether
or not a brick will disintegrate. He says, “The process of
disintegration, we belicve, begins with the blowing in of a fur-

7
Northeast | Southwest East | West

&uﬂmsf'i Northwest

Date blown in-0Oct 11,1925
Date bown out-Dec 19 /1933
Tons produced this hming-1622,765

Fi¢ 102. Burnt hnes and sections through hning taken on four axes. (Lind-
gren, Trans. A I.M.E., vol. 125.)

nace” and shows seetions of the lining as measured after the
first year and when blown out (see Fig. 103). This figure shows
plainly the “‘skin’’ that forms on the face of the brickwork of a
lining as a sort of glaze containing carbon and some alkalies
fused with the original brick material.

Although it is possible to reline the top part of a blast furnace
without completely blowing out the furnace (but just letting the
stock run down below the place to be repaired and then damping
down), it is more satisfactory and safer to blow out completely
and blow in again after the repairs.

Patching the Lining.—In the case of a blast furnace that is
out of plumb, or was blown in without properly centering the



244 BLAST FURNACE PRACTICE

bell (and there have been such cases), it is likely that the lining
will wear out in some particular spot while the rest of the lining
is in good condition. There are two ways of repairing the worn
out part; first, by repairing from the outside without blowing
out the furnace; second, by blowing out and putting in a patch
of brickwork from the inside.

One very successful way of patching from the outside is to cut
holes in the shell and insert the Dovel bronze, water-cooled
plates, held in place by frames just like the bosh-plate frames
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described in a previous section. There have been cases where
the life of a lining has been prolonged several years.

Drying Out the Furnace.—In laying the brick in a blast furnace
lining, the bond is a thin slurry of the best kind of ground fire
clay of the same composition as the firebrick. This clay is
made up into soup, or ‘“slop” as the bricklayers call it, using
wet steam to keep it warm and to get a good mix. This fire
clay is spread over each course of brick with long-handled dippers
80 as to give as thin a joint as possible, and the brick are forced
into place with wooden mallets. Literally, there will be tons of
moisture in the brick lining of a blast furnace by the time the brick

_are laid. -

In addition to all the moisture in the brickwork, there will be
moisture in the packing put in between the shell and the brick-
work, a space varying from an inch or two up to a foot. This
packing is, preferably, screened, granulated, blast furnace slag,
but loam can be used.
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‘“As soon as a furnace-lining is completed it should be thor-
oughly dried out, whether it is to be blown-in soon or not; and
the longer it is dried, the better for the furnace. At least two
weeks is desirable; but good results can be had with 10 days
of firing.”! The above was written by the author in 1912,
and it still holds good. Disastrous results will follow if a blast
furnace is blown in with a green lining.

The fuel for drying out a blast furnace is natural gas, if avail-
able, or coke-oven gas, or clean blast furnace gas. In using
gas of any kind the burner is near the top of the hearth brick
on which a coke fire is kept continually burning so as to relight
the gas in case of a temporary stoppage. The use of a wood,
coal, or coke fire built directly on the hearth bottom and fed
through a tuyere arch, is not good because of the accumulation
of ashes which keep the bottom brick from being thoroughly
heated and cause loss of time in cleaning out.

An effective and casily controlled method of drying out is to
build a kind of Duteh oven outside the iron noteh or outside a
tuyere arch and use coke for fuel. A diagram of such a drying
oven is shown in the article quoted on this page.

BLOWING IN THE FURNACE

There are probably as many variations of the method for blow-
ing in blast furnaces as there are furnace superintendents.  Some
of these variations are poor practice and may result in trouble-
some and sometimes disastrous experiences; there are certain
fundamentals that must be followed in order to insure a safe
and successful blowing in, which is one of the greatest of metal-
lurgical operations. On its degree of success depends much of
the future life of the lining and the subsequent behavior of the
furnace.

The objects to be obtained within a few hours after the lighting
of the furnace are, first, the complete ignition of the bed of coke
from the tuyeres down to the iron notch and heating to white
heat the coke from the tuyeres upward in the bosh; second, the
heating of the brick lining of the furnace up to the temperatures
necessary in the different parts for the smelting of iron; third,
the preheating of the materials in the shaft of the furnace and the

1 “Blowing-in a Blast-furnace,” a paper presented at the Cleveland
meeting of A 1. M.E. in October, 1912; Trans. A.I.M.E., vol. 54, 1913.
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starting of the smelting process; fourth, the gradual movement
of the stock in its downward course without the danger of having
any of it stick to the upper walls and cause a heavy slip after-
wards. KEach and every detail of the preparation and of the
actual blowing in is important and should be carefully checked
by the superintendent, whether the furnace is a single furnace, a
twin furnace, or one of a group of furnaces.

The most critical points are the simultaneous lighting at all
the tuyeres, bringing down the gas, closing the iron notch,
lighting the first gas at stoves and boilers, the first flush of cinder,
and the first cast.

The furnace is lighted at all the tuyeres at the same time, with
hot iron rods if the furnace is a single stack; with the hot blast
from the stoves, if gas from another furnace has been available.
Kindling wood and oily waste have been placed in front of each
tuyere and a layer of dry cordwood has been placed all across
the hearth on top of the coke that fills the hearth up to a few feet
below the center line of the tuyeres. The former practice of
filling the hearth and bosh with cordwood made too much
“blow-in”’ gas that was sickening and even dangerous to the
men.

In order to ignite the coke that fills the hearth and to heat up
the hearth bottom before the molten slag and iron come down, a
4-in. iron pipe is placed horizontally at the center of the iron
notch and allowed to extend about 2 ft. inside the hearth wall
and to extend outside about halfway down the iron trough.
The inside end is left open but the pipe is protected with stiff
mud. Near the outside end of the pipe are four holes 90 deg.
apart in which hooks can be inserted for pulling out the pipe
when the time comes to shut the iron notch. The rich gas
roaring out through this pipe is kept lighted by a wood fire in
the trough (which also is heated up to receive the first cast).
When the first signs of slag appear at the end of the pipe, the pipe
is pulled out and the iron notch closed with the clay gun.

On top of the coke blank above the tuyeres are filled charges
of coke and easily melted slag, such as cupola slag or Bessemer
slag, with enough limestone to flux. Then follow charges with
gradually increasing weights of ore and decreasing amounts of
slag. When the stock fills the furnace up to about 30 ft. below
the bell, it is good practice to examine the top of the stock and
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take measurements as explained by Francis Crockard! and
shown in his diagram (Fig. 104). Mecasurements are taken
after each charge, and adjustments made in the gage rods and,
if found necessary, in the balancing and centering of the big bell.
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Frg. 104 —Cross section of filling a furnace. (C'rockard, Trans. A.I.M E , vol.
120.)

The amount of wind to be blown must be carefully watched
and gradually increased in order to prevent any hesitation in
the downward movement of the stock or any abrupt increase
in the blast pressure.

1« Progress in Southern Blast-furnace Practice,” Trans. A.I.M.E., vol.
120, 1936.
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If the furnace is a single furnace, there should be extra pre-
cautions taken in closing the bells and bringing down the gas and
lighting under boilers and stoves, which will not be necessary
where the furnace is one of a group of furnaces already in blast.
A precaution against gas explosions is to use the steam jet in the
downcomer and dust catcher to drive out all the air before the
rich blow-in gas enters the gas mains.

BLOWING OUT THE FURNACE

A blast furnace is blown out by not putting in any more stock,
tapping out all the molten iron and slag and taking off the blast.
It is not all so simple as that because there are many precautions
to be taken, depending largely on the reason for blowing out.
If the furnace is in good condition and is being blown out because
there is no demand for the pig iron, care should be taken to
protect the lining from all damage including too rapid cooling
down. If the lining in the upper part of the furnace is in such
bad condition that the shell is exposed to the heat and flames,
then precautions will have to be taken to prevent the buckling
of the bare shects of the shell.

Whatever the reasons for blowing out, it is essential that the
last ton of molten iron should be run out of the furnace at the
last cast, and that the bell and hopper should be protected
from getting red hot and warped. Usually by the time a blast
furnace is blown out, the®bottom of the hearth is burned out
several feet below the level of the iron notch and the last of the
iron must be forced out by the blast so as to prevent the solidify-
ing of a lot of iron in the salamander; therefore there must be
sufficient stock above the tuycres to give plenty of pressure at
the last cast. This is usually done by dumping a lot of wet
fine iron ore or fine pyrites cinder on top of the last regular charge
put in the furnace.

There is no need to blow a furnace out “all the way down
to the tuyeres’’; most of the iron ore has been smelted long before
that and it is better to wet down the coke and rabble it out of the
furnace than to burn it all up. Sometimes a lot of limestone is
filled into the furnace after the last regular charge so as to have
a lot of nonexplosive gas in the upper part of the furnace when the
stock gets low. There is a much better way than that, wiz.,
to start streams of water down the two or more try holes just
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as soon as the last charge has been dumped and the big hell
locked shut and sealed. All this water will go to steam, thus
preventing the top temperature from gedting dangerously hot.
Excess gas and steam can be released through the bleeders.

The volume of blast is gradually decreased; the blowing
engines must be kept turning until the last blow pipe is taken
down.

In order to keep the big bell cool it is sealed all around at the
lip ring with wet ore, and a spray of water is kept on it.  But
water must not be allowed to colleet in the hopper. Tt hardly
seems necessary to give such a warning nowadays, but after
knowing of two horrible accidents of the same nature about a
generation apart, and realizing that a new crop of blast furnace-
men comes along each gencration, the author cautions that the
big bell and hopper should not be kept cool by sealing the lip ring
with clay and filling the hopper with water. If, after the blast is
taken off the furnace, the bell should be lowered and the large
quantity of water dumped down into the furnace with its red
hot walls and incandesecent coke, there would be a water-gas
explosion that would rip the furnace to picces and kill or maim
all the men anywhere near the furnace.

Banking the Furnace.—It is surprising how long a Dblast
furnace can be kept “banked” and then started up again with
comparatively little trouble. “To bank or to blow out,” is a
topic much discussed by blast furnacemen, and the answer
depends much on the local conditions and also on the physical
condition of the blast furnace, especially of its bronzes.

The essentials in banking a furnace are, first, to get the furnace
as dry as possible of all slag and iron, and, second, to keep
any air from entering the furnace thus preventing the combustion
of the coke. A “blank” of coke, with enough limestone to
flux for a lean slag, followed by lighter burden than normal,
is charged into the furnace so as to reach the tuyeres after the
last cast. The size of this blank depends upon the probable
length of time that the furnace will be shut down.

BURDENING THE FURNACE

The burdening of the blast furnace is the art of calculating
the right weights of coke, iron ores, and iron-bearing by-products
and flux, so that the mixture, when smelted in the blast furnace,
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will produce pig iron and slag of the desired analysis and tonnage
and in the most economical manner. The size of the coke unit,
i.e., the weight of coke per charge, depends upon the size of the
furnace and somewhat upon the kind of coke, especially its
weight per cubic foot.

The character of the ore burden varies greatly in different
parts of the country and depends much on whether the furnace
is making hot metal for a steel plant or merchant pig iron for the
open market. At some integrated steel plant blast furnaces,
the ore burden will contain less than two-thirds iron ores, the
rest being iron-bearing by-products such as described in Part I1.
Since there is such an increase in the use of sintered iron ores,
it may be better to classify sintered iron ores as beneficiated
iron ores rather than as ‘‘secondary iron-bearing materials”
which was proper when sinter was first used.

In making certain kinds of merchant pig iron, such as low-
phosphorus and malleable, the ore burden is usually made up of
virgin iron ores, and care must be taken in getting the right
analysis for coke and flux also.

In a subsequent section, Slag Control, the volume and varia-
tions in analysis of blast furnace slags will be discussed, but here
only the need for a complete analysis of all the raw materials
making up the furnace burden will be mentioned; this is necessary
in order to know how properly to flux the furnace and to prevent
injurious elements getting into the mixture. In many cases,
dolomite is used for the flux stone instead of calcite with a little
magnesia mixed with it. In burdening the furnace, the mag-
nesia is often ignored, and only the calcium oxide is used in the
calculation.

It is good practice to estimate that it takes 98 units of iron to
make 100 units of pig iron, in spite of the fact that there are
only about 94 units of iron in the pig iron; the other four units
being added to take care of the loss in flue dust, in slag, and in
the unrecoverable loss in manufacture. The richness of an
iron ore has several direct influences upon the operation and
results of the furnace; first, a low-grade iron ore is usually high
in slag-forming ingredients, and it requires much limestone to
flux it if it should be a Lake Superior ore. The increase in the
silica content in lake ores is a matter of much concern. In
looking over notes of twenty five years ago, the author found a
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card of ‘limestone factors’ (the percentages of limestone needed
to flux the silica and alumina) for the ores used at a merchant-
furnace plant. It began with Beaver at 7.2 per cent of flux
and ended with Richmond at 80.2 per cent; both these ores
are still being shipped, but with less iron and more silica. There
were many ores between these two extremes, mostly from mines
now exhausted. A glance at Fig. 48 will show how the silica
has increased and the iron decreased in lake ores since 1902.
A word of caution is necessary at this point, and that is that
anyone making comparisons of analyses of lake ores should be
careful to differentiate between the reported analysis of silica
in the dry state (at 212°F.) and in the natural state (as received,
with moisture included).

CLEANING THE FURNACE

From various causes and at various times, the walls of the
furnace ‘‘get dirty” and scabs and scaffolds begin to form.
These accretions on the inwall are sometimes high up, not far
below the stock line, sometimes near the bosh line; and, less
frequently, the bosh builds up or the hearth gets dirty. All
such dirt troubles slow down the movement of stock and effect
the quality of the iron, even to the extent of making had iron
for the steel plant, or off iron for the market.

In the case of scabs high up, it may be possible to cxamine
them by ‘“blowing down” below them, i.c., by not filling the
furnace for a while. When the extent of the scab or scaffold
is known, the remedy can be decided and tried. Whatever
remedy is used, it is certain that extra coke must be in the furnace
to take care of the accumulation of dirt and cold stock when it is
dislodged. Possibly heavy scrap can be filled in such a way as to
strike the scab.

The cause of the dirt trouble should be determined and
removed as soon as possible. Coke breeze, ‘“black ends” (coal
not well coked) and spongy coke are sure causes of a dirty
furnace; a big bell not properly centered or a revolving top that
has stopped revolving will cause cutting out on one side and
building up on the other. During periods of ‘““slack-wind blow-
ing,” as described by Francis Rich,' the lining is apt to build up;

1 “Qlack-wind Blast Furnace Operation,” Trans. A.I.M.E., vol. 116, 1935.
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'

he says, ‘“the usual remedy is to upset the filling in an attempt
to clean off the scabs.”

In the same paper Mr. Rich says, “The use of cleaners is a
subject on which many furnacemen disagree. Some prefer
to ‘slug’ the furnace with charges of siliceous material, such as
mill cinder, brick bats, bessemer slag or high-silica ore.” He
tells of one experience that was so successful that when the wind
is brought down to about 30,000 cu. ft. per minute, they prefer
to “slug” the furnace at regular intervals.
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F16. 105.—Chilling effects of ‘““Dutch pill.” (Swcetser, Trans. A.I.M.E., vol.
131, 1938.)

Dutch Pill.—In the author’s own experience he used a “ Dutch
pill” to clean out a furnace when it got built up on the walls.
The remedy was named after a Pennsylvania Dutchman, an
excellent general foreman, who first taught the author how to
use it. First, the hearth was made hot with some extra coke
and a lighter burden; then a large slag volume with ““spittings”’
from the Bessemer department was obtained. The Dutch
pill consisted of charges of coke, scrap, lean slag, and siliceous
ores with only enough limestone to make a very lean slag, charged
into the furnace at intervals of about 12 hr. Care was taken
to keep the furnace hot throughout the cleaning.

Although the Dutch pill, or scouring dose, will not necessarily
make off iron as far as silicon and sulphur are concerned, the
author believes it will make ‘‘bad”’ iron for the steel plant unless
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special precautions are taken. The chart! in Fig. 105 shows the
effects of a scouring dose on the temperature of the iron and
especially on the percentage of combined carbon which was
high enough to result in ‘““scabby sheets” when these casts went
through the open-hearth furnaces and the sheet mill. In Fig.
85 the analysis and temperatures of the two casts affected by
the Dutch pill can be seen at the extreme left of the chart; the
pill in these two figures is called ‘‘scouring dose.”

HOT-BLAST CONTROL

The temperature of the hot blast used in this country and
abroad has been steadily increasing ever since the days of the
iron-pipe stoves with their maximum temperature of about
900°F.; there was, however, a dropping back in tempecrature
during the time of learning to use 100 per cent Mesaba ores,
when ‘““the furnace would not take the heat.” Nowadays,
blast temperatures of 1600°F. are not uncommon, and even
1800°F. has been used. Such high temperatures are only
possible with very clean gas, pressure burners, special checker
brick and high capacity of the hot-blast stoves.

Heat carried into the furnace by the hot blast is instantly
delivered at the point where it can do the most good. Usually
about one-sixth of the total heat requirements of the furnace
reactions is brought in by the heat in the hot blast. The maxi-
mum economical hot-blast temperature has not yet been deter-
mined, but if the open-hearth men should find that higher
temperatures of hot metal are desirable, it is likely that the blast
furnacemen will use higher hot-blast temperatures and, in turn,
will demand higher temperature refractories from the brick
manufacturers.

If too much heat is brought into the hearth by the blast, 7.e.,
too much excess above the requirements for the kind of slag and
the kind of iron desired—the ‘‘critical temperature’” of J. E.
Johnson, Jr.—then there will be too much heat in the zone
above the bosh, and the furnace ““will not take the heat,” but
will stick and go on high pressure until the condition is relieved
by cold wind or slacking the blast. The furnace must be
properly burdened for high heats.

1 SweeTsER, R. H.: “Combined Carbon: A Controlling Factor in the
Quality of Basic Pig Iron,” Trans. A.I.M.E., vol. 131, 1938,
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SLAG CONTROL

To control the slag in an iron blast furnace is to control the
quality of the iron produced (and, to a certain extent, the
tonnage) and to control the whole operation of the furnace
itself, including a large part of the cost of production. The
character of the slag is the determining factor in the character
of the pig iron as to the controllable limits of sulphur, silicon,
and, to a certain extent, the manganese; it has an influence on
the proportions of combined and graphitic carbons.

The slag character depends on the kind of fuel ysed, as well
as on the analysis of the ore burden and of the flux itself. When
blast furnaces used only charcoal for fuel, there was not much
difficulty in slag control, because there was no trouble in making
low-sulphur pig iron. But when mineral fuels, anthracite and
block coal, were introduced, now nearly 100 years ago, there was
plenty of trouble on account of proper slag control; they intro-
duced the problems of sulphur elimination, hearth temperature,
and slag,volume.

Blast Furnace Fuels in Relation to the Slag.—The five principal
blast furnace fuels used in this country during about threc
centuries of iron smelting—charcoal, anthracite, raw coal
(bituminous), beehive coke, and by-product coke—have imparted
certain characteristics to the slags produced as well as to the
pig iron. ,

The carly anthracite blast furnaces were handicapped by
tremendous slag volumes—the exact opposite of the charcoal
furnaces—and this helped to keep down the tonnage of pig iron
made; 2 tons of anthracite, 2 tons of iron ore and 114 tons of
limestone (all gross tons) was not conducive to high tonnage
and low costs. In those days when there were no chemists at
the blast furnaces, much low-grade limestone was used as well as
low-grade ore. The general practice of using dolomite for flux
caused an excess slag volume, excess fuel consumption, and
decreased output without any advantage in removing sulphur.

Beehive coke had a hard time getting started as a blast furnace
fuel, but when the right kind of coal was used the progress was
rapid; then when coking coals with high ash and high sulphur
were used for beehive coke, a new set of slag troubles worried
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the blast furnacemen at the same time they were learning to
use Mesaba ores.

Research work in blast furnace slags was so meager before the
World War that when the Bureau of Mines sent Alexander Feild
to the Columbus blast furnaces early in 1917 it was necessary to
revise the whole technique of taking samples of slag and of
making the daily analyses. Since the war there has been much
progress in the®study of blast furnace slags; we have passed from
beehive coke to by-product coke as the predominating blast
furnace fucl; consequently therc is a change in the character of
the furnace slags, especially in respect to decreased basicity and
volume.

Volume of the Blast Furnace Slag.—The campaign for clean
coal for blast furnace coke that was waged several years ago
resulted in a considerable reduction of the weight of slag per ton
of pig iron. Now we are working to decrease the amount of
waste materials shipped in Lake Superior iron ores and to
increase the iron contents. All this is in the interest of low-cost,
iron and steel, but it reacts to reduce the amounts of materials
put into the blast furnace, and to reduce the slag volume.

It is metallurgically sound to have the slag volume in the
blast furnace as low as possible for the elimination of impurities
of the fuel and ore burden. It is not advisable to run a furnace
too close to the minimum volume of slag requisite to remove
the sulphur and other impurities; this is all the more true when
the volume is small because a slight variation in analysis might
make a great difference in the free-running temperature of
the slag. When we consider a blast furnace slag as a magma in
which the various minerals and metalloids are in solution as
separate compounds, we can readily see that when we have
enough of the solvent there is no need in having too much;
the right quantity in cach case can be established by actual
practice.

The compound that carries the sulphur is calcium sulphide
(Ca8), and the amount that can be dissolved by the magma
depends upon its chemical and physical make-up.

Variations in Slag Analysis inside the Furnace.—The varia-
tions in slag analysis from one side of the furnace to the other
are sometimes so great that it is a wonder that it is possible to
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keep the furnace on such regular iron as we do. A cold steel
rod pushed into the furnace through the peephole at any tuyere,
and removed quickly, would have slag of different analysis for
cach depth of penetration into the hearth. Often there are
different kinds of slag at the different tuyeres. The author
has removed slag from inside the hearth through the tuyeres
with a water-cooled sampling pipe with cups every 12 in. and
has seen the variations in slag composition. ol

This variation shows up at the flushes and at casting time, not
only in appearance' and analysis, but also in temperature.!
This variation is also shown in taking samples of slag at the cinder
notch, iron notch, and tuyeres.

Just above the tuyere level there must be enough excess lime
in the slag to take care of the residue of ash left in the coke at
the time of its complete combustion at the tuyeres. With very
high-ash coke this condition is objectionable and often causes
serious trouble, especially when the coke is in large pieces of
irregular sizes.

A sample of slag taken from inside a blast furnace at the tuyere
level (furnace making basic iron) analyzed 31.60 per cent SiOg;
16.71 per cent Al:Qg; 36.25 per cent CaQ; 3.41 per cent MgQ; 0.25
per cent S; 0.70 per cent Mn; 13.29 per cent FeyO;. The flush
that came out at the cinder notch 30 min. later was clean and had
a temperature of 2668 to 2729°F. The iron that came 90 min.
later had 0.94 per cent Si and 0.030 per cent S.  The unredueced
iron oxide in the slag shows that there is much chemical action
and reaction in that part of the blast furnace hearth extending
from the tuyere level to the level of the cinder notch 215 to 314 ft.
below, and further reaction in the molten iron between the
cinder notch level and the bottom of the hearth at the iron
notch.

Although lime (CaO) and silica (Si02) are the principal
constituents, except in the case of high-alumina slags, there are
two other elements that must be carefully considered in getting a
slag that will function smoothly and economically. When the
total alumina in the furnace burden is so low that the slag
contains less than 6 per cent, there is apt to be trouble because
a comparatively slight drop in the percentage of alumina greatly
increases the free-running temperature of the slag, and the

L Trans. A.I.M.E. Tech. Paper 11, 1927.
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furnace goes ‘““off’” onto bad iron. The author once had the
following experience with the same silica but decreased alumina:

Slag Pig Iron
Blast, | , |
b s, MO s e | Pw | Su% | S % | P
1025 | 3730 | 4.90 | 0393 /00144, 005 | 0214 | 0010
1000 | 37 24| 6.51 | 067100028 208 | 0022 0.028
i | .

Evidently the hearth was so cold that much of the phosphorus
went into the slag instead of into the pig iron.

SLACK-WIND BLOWING

By the end of the year 1931, there had been forced into blast
furnace operations of this country a new kind of practice, so
contrary to all the previous blast furnace practice and traditions
that when the author had proposed it, less than two years before,
the executives said that it was impracticable, uneconomical, and
—it just could not be done anyway. But when steel plant and
blast furnace operations were cut down to about 10 per cent of
capacity and there were surpluses of hot metal, of iron in pigs,
and of blast furnaces, but still an intermittent demand for hot
metal for perhaps one or two open-hearth furnaces, the executives
put the problem up to the blast furnacemen, and they solved it
by various phases of slack-wind blowing.

In cases where the steel plant would take all the hot metal
from one or more blast furnaces for only four or five days out of a
week, the blast furnace would be banked until there was a demand
for hot metal again; this prevented the piling up of cold iron in
pigs, and it was found that no harm was done to the furnace.
In one case the only furnace in blast was blown for five hours out
of each eight-hour shift so as to make just enough hot metal for
the open-hearth furnaces.

The best description of this unique slow driving of blast fur-
naces was presented by Francis M. Rich, superintendent of blast
furnaces, Republic Steel Corporation, Youngstown, Ohio, at
the annual meeting of A.I.M.E., February, 1935, for which Mr.
Rich received the J. E. Johnson, Jr., Award that year. His
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paper was entitled, Some Observations and Theory on Slack-
wind Blast-furnace Operation.! and the following extracts
are given verbatim:

Before the world-wide depression, the primary purpose of most blast
furnace operators was to produce a maximum tonnage of pig iron per
day for each furnace in blast; . . . the idea was well established that
low-cost pig iron was attainable only when each furnace was producing
a high tonnage. After the depression had set in, the picture changed
considerably. Ilach blast furnace operator was forced to run his plant
in a manner that best fitted the economical set-up of his company. . . .
Because of this abnormal condition, the blast furnace man was com-
pelled to indulge in various practices of which many had been believed
to be next to impossible up to that time. The ultimate purpose of
these innovations was either one or a combination of the following:

1. To produce only enough pig iron for immediate consumption at a
minimum cost. .

2. To produce gas for boiler or mill use to supplant some higher
priced fuel.

3. To consume the coke produced at the coke plant, which was often
viewed as a byproduct.

4. To protect the cash position of the company.

These conditions were met by diverse methods, some of which were:

1. Slow or decreased wind. In some instances the blast blown was
held as low as 25 per cent of the normal volume.

2. Intermittent operation, in which the furnaces were shut down or
“fanned” at frequent intervals.

3. Slow wind for a week or so, then normal wind for a short period.
Iach substantial change of wind was often accompanied by a change of
burden, to produce a different grade of iron.

It is needless to say that in spite of these methods the operators were
required, more than ever before, to produce iron of excellent quality to
meet the keen competition of other companies and the rigid specifications
of customers. That the blast-furnace man has fulfilled these obligations
is a tribute to his ingenuity, courage and skill.

v

FuUNDAMENTAL REQUIREMENTS OF SUCCESSFUL SLOW-WIND OPERATION

Many volumes could be written on the experiences of the blast-
furnace operators during the depression, but in our opinion the slow-wind
operation has done more towards perfecting blast-furnace technique than
any other development. Most furnacemen have found that lowering
the wind on the furnaces meant a decrease in fuel consumption and

1 Trans. A.I.M.E., vol. 116,
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flue-dust losses, in spite of the fact that there were many “sick " furnaces
before the fundamentals of success for slow blowing were appreciated.
An inspection of these fundamentals reveals nothing new to the blast-
furnace man, but we are convinced that an infraction of these rules is
accompanied by far more serious results on slow wind than on normal
wind. These principles have been proved many times in practice and
are tabulated below:

1. The furnace lining must be in fairly good shape. The brickwork
should not be cut out or built up excessively and the walls of the furnace
must be kept clean at all times. The lining should be plumb, the ideal
condition being that the traces of all horizontal planes with the inwall
shall be perfect circles, the loci of whose centers shall form a straight
vertical line, which is the true center line of the furnace.

2. The top-charging mechanism must be correctly designed, located
and operated. The vertical center lines of both hells and their respective
hoppers should be co-linear with the true center line of the furnace in all
positions. Both bells and their hoppers must be kept clean at all times.
The distributor must be working correctly, and the entire charging
equipment operating so that equal portions of each raw material are
deposited in all sectors of the same size in the furnace.

3. The correct filling must be used. By this is meant that there
arc always a few methods of filling, with regard to the sequence and
quantity of each raw material charged, that give the best results on the
furnace under the operating conditions at the time.

4, Each raw material should be as nearly uniform in chemical analysis
and physical properties as possible; also, each material should be weighed
and measured correctly at all times according to the schedule determined
by the operators.

5. Enough slag volume should he carried to run the furnace on a
lean or glassy slag, if the raw materials and the sulfur-content limits of
the product will permit. Some plants are limited in this matter because
the slag is used for commercial purposes and must meet the tests of the
customers successfully. It is the general opinion that more slag volume
is required as the wind is decreased.

6. The blast distribution must be uniform in temperature and
quantity at each tuyere, or at least at each pair of adjacent tuyeres.

7. The correct size of tuyeres must be used to meet the operating
conditions.

THEORY AND PRACTICE ON SLOW-WIND OPERATION

S

If the above-mentioned fundamentals are complied with, the furnace
should show a substantial decrease in fuel consumption and flue-dust
losses, in spite of the fact that the radiation loss is a constant value per
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unit of time, and hence the percentage increases directly with the
decrease in daily production.
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(Rich, Trans. A.I.M.E., vol. 116.)

We are fortunate in having the actual practice of two furnaces, B
and C, the lines of which are given below. The practice on B is charted
on Fig. 8 [Fig. 106], and for convenience is tabulated in Table XVIII.

Measurement

Height .
Hearth diameter

Bosh diameter
Stockline diameter

Big Bell diameter ...
Height of bosh .
Height of straight part
Angle of bosh.

Batter of inwall........

Furnace B
93 ft 11 in.
27 ft
28 ft. 6 in.
19 ft
13 ft.

12 ft. 713 in.
4 ft. 4 m.

13{¢ to 12 1n.

86 deg. 36 min.

Furnace C

88 ft.
21 ft.
24 ft.
17 ft.
13 ft.
8 ft.
7 ft
79 deg. 59 min. 30 sec
0 914 to 121n.
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TaBLE XVIII.—PracticE oN Two FURN\CEs

Average Fuel con-
wind Aver- | sumption, Flue dust, l.h. Purch. | T
M cu, age Ib. per per GT pig o : ‘op
Num- | o = ton- G.T. pig serap | gas,
ber of . p nage, | o charged| aver-
months mu:. ‘at G.T. b per| age
60°F, Fixed G.T. | CO,
30-in, |P'&PCT Coke | car- Pro- Charged! pig  Iper cent
Hg day bon duced e
Furnace B ,
4 20 87 | 347 | 1661 | 1439 | 20 20 ‘ 24 16 1
4 38 87 | 592 1751 | 1523 | 165 183 | 39 153
4 51 82 734 1880 | 1627 | 271 245 l 19 13 8
1 60 50 | 811 1994 | 1727 | 361 361 ‘ 7 13 6

Average ash i coke, 10.72 per cent; average sulphur in coke, 0.96 per cent;
number gas samples taken, 58 (4-hr. samples).

Furnace C
3 26 60 396 1818 | 1583 | 122 0 l 0 15 1
5 39 90 618 1869 | 1620 | 147 0 0 15.0
8 50 00 757 1899 | 1652 | 154 0 0 14 3
7 56 60 833 1949 | 1687 | 233 0 0 130

Average ash in coke, 9.83 per cent; average sulphur in coke, 0 91 per cent;
number gas samples taken, 2082 (mostly snap samples).

The following gas samples (1017 in number) were taken at 9 in. from
the inwall over a 12-month period:

Wind, Cu Ft. per Min. COs, Per Cent
50 0 9 2
370 13 6
255 14.5

The practice for each of these furnaces was selected from normal
months during which no banking or blowing in was done, so as not to
distort the results. The monthly practice data were averaged for
months in which the average wind was approximately the same. A
total of 13 months practice was used for furnace B and 25 months for
furnace C. Little or no purchased scrap was used on either furnace
during these months, the maximum amount for any one month being
16 Ib. per G.T. pig for furnace B.
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The curves are almost identical in shape, although furnace B had the
better practice on low wind. This may be because furnace B had the
larger stack, which would increase the time of gas-solid contact. Fur-
nace C had the lower flue-dust losses on blast volumes averaging over
36,000 cu. ft. per min., though the fact that all the flue dust produced
by furnace B was charged back “raw”’ greatly aggravated this condition.
We also believe that the large inwall batter of furnace B (1.187 in. per
foot) was partly responsible for the relatively large increase in flue-dust
production with great blast volumes. The tonnage and top-gas CO,
curves are practically identical. [The author’s own view on this point
is that the stock-line diameter of 19 ft. in furnace B is entirely out of
line with a hearth diameter of 27 ft. and a blast volume of 60,500 cu. ft.
per minute, which gives too great a gas velocity at the stock line.]

Our reasons for the decrease in fuel consumption are twofold. First,
the gas distribution through the stock is more uniform and free from
channeling particularly up the walls. . . . The other reason advanced
for the lowering of the coke rate is that each particle of ore is subjected
to the action of the reducing gases for a longer interval of time as the
wind is lowered. The same holds true for each unit volume of CO gas
in contact with the ore. . . .

The question may arise as to how fast the wind can be increased or
decreased on a furnace without seriously affecting the operation of the
furnace and the quality of the product. Our experience is that the wind
can be increased at the rate of 2000 to 2500 cu. ft. per min. per 24 hr.
and decreased at twice this rate, provided the walls are fairly clean and
that the correct tuyere size is used at all times. Where the wind was
increased substantially, the practice for the first month of operation
on the higher blast volume has been unsatisfactory. At the end of this
first month the furnace was generally operating normally.

The question of just how low it is possible to go with the wind on a
given furnace is often asked. It is our opinion that the minimum size
of tuyeres would be the limiting factor. It would be possible to operate
on 2-in, tuyeres, but we feel that with a smaller size great difficulty
would be experienced. . . . [Mr. Rich gives calculations in his paper
on the relations of blast volume to tuyere area, which are omitted here
for lack of space.] Another consideration is that the bottom and walls
of the hearth tend to build up on low wind. It is altogether possible
that the bottom might build up to the point where the product could
not be extracted from the tapping hole. The fuel-consumption curves
of Fig. 106 show that the rate of decrease of coke consumption is lower
with each corresponding decrease of wind. This implies that the coke
rate will reach a minimum at some low volume and then increase as the
wind volume is lowered still more. This point is where the fuel econo-
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mies affected by the low wind and resulting efficient gas-solid contact
exactly balance the ever-increasing radiation and cooling-water loss.

CONCLUSIONS AND RECOMMENDATIONS

We are convinced that practically all blast-furnace operators in this
country were overblowing their furnaces prior to the depression by
reason of the data set forth. There is one particular volume of blast for
each furnace that will produce a certain tonnage of iron at a cost lower
than the cost will be at any other blast volume, with the same raw mate-
rials, prices, labor costs and equipment. It is the duty of each operator
to determine this point on each furnace under his supervision, and thus
arrive at the most economical rating for each size of furnace operating
under the given set of conditions. Thus when a furnace is to be relined
or rebuilt the operator will know the size furnace to build in order to
produce the tonnage required, in the same manner that an electrical
engineer determines the size of motor to be installed when he i
acquainted with the average, minimum and maximum load and speed
requirements.

From the above it is evident that the large-hearth, high furnace with
the wide top is the best for Lake ore practice. This large furnace is very
flexible as far as tonnage is concerned, and is more economical to operate
when the conservation of raw materials is considered. Furnace B, for
instance, with a 27-ft. hearth produced a minimum of 347 gross tons of
pig per day over a four-month period, and made as high as 811 gross tons
pig per day. It is believed by the operators of this furnace that it is
possible to produce 1200 gross tons of pig per day. This is a production

regulation of 00 ' °F 71.2 per cent.

The decreased coke rates and flue-dust productions on slow wind are
due partly to the decreased volume of blast and partly to the slowing up
of the descent of the column of stock. It is impossible to determine, at
the present time, the relative effect each of these conditions has on the
increased economical working of the furnace, hut it is our opinion that
the lower blast volume has the greater effect. This would mean that
the much talked of practice of increasing the oxygen content of the blast
might be developed, in order to produce the required tonnage of iron and
still keep the total volume of blast down low.

STOCKING AND CHARGING

Distribution of the Charge..—The problem of the proper
distribution of each charge of stock as it is filled into the top
of the furnace is of the greatest importance, because so much
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of the success of the entire operation of the blast furnace depends
upon the right solution. It is essential that the ore; coke, and
limestone are evenly deposited upon the big bell; this is a matter
of mechanical design and was discussed in previous sections,
Construction of the Top, the McKee Revolving Top, and Bells
and Hoppers. )

Unless the bell is evenly balanced and drops away from the
lip ring all around the circle at the same instant, there is the
danger of irregular distribution of the stock around the periphery
at the stock line. If the bell and lip ring are not properly
centered too much ore and not enough coke will be filled on one
side of the furnace resulting in irregularitics in the working
and the product of the furnace.

The aim in the placing of the layers of ore, coke, and limestone
inside the furnace at the stock line is to get the best possible
contact between each particle of iron ore, coke, and limestone
and the ascending hot gases so that the solids will be preheated
evenly across the whole plane of the furnace before they move
down into the next plane below and so that the hot gases will
give up most of their sensible heat before passing out of the top
of the furnace.

Furthermore the stock should be so evenly distributed that
when each charge is lowered into the furnace it will have the
same depth all around the cirele of the stock line (see Depth of
Charge Layer under Movement of Stock Column, Part III).

The methods used for stocking and charging the raw materials
—ore, coke, and limestone—into a blast furnace vary in different
parts of the country, chiefly as to whether the furnace depends
on Lake Superior iron ores delivered during only about seven
months of the season of navigation on the Great Lakes, or upon
a, supply that is delivered by rail all the year round, as in the
South, Utah, or the Adirondack region. In either case there
must be a bin system from which the different ores, scrap (if
used), and flux may be accurately weighed into the scale car
which delivers the charge to the ore buckets or skip cars which
carry the ore burden and coke to the top of the furnace and drop
them into the receiving hopper of the bell and hopper mechanism.

With but few exceptions in this country, the old-fashioned
vertical hoist and buggy system with hand filling and single
bell, has become obsolete,
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It is the usual practice to have a big coke bin directly in
line with the skip hoist so that the coke may be filled direetly
into the skip cars by volume, and not by weight on a scale car
as in the case of ore and limestone. At some furnaces, where the
Neeland charging bucket is used, the coke is first drawn from
coke bins into the buckets on a car, but not necessarily weighed.
In most cases, even when the coke has been thoroughly screened

Fia. 107.—Skip hoist and stock house for 1,000-ton furnace. The new Inland
furnace as seen from ore yard. (Courtesy of Arthur G. McKee & Co)

at the coke ovens, there are sereens in the bottom or in the chutes
of the coke bin so as to take out the coke breeze hefore filling
into the furnace. Figure 107 shows the standard arrangement
recommended for the 1,000-ton blast furnace (new Inland
furnace). :

In lake-ore practice the eargoes of iron ore are so scheduled
throughout the season of navigation (usually from the middie
of April to Nov. 10) that a little over half of cach cargo, or part
of a cargo, will be unloaded from the railroad cars into the ore
bins and charged into the furnace at once, and the balance is
stocked in the ore piles, usually under an ore bridge. This
applies to inland furnaces; in the case of lake-front furnaces,
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the ore is taken directly out of the ore boats with the ore bridges
and put into the ore bins as needed and the balance  dropped
onto the ore piles to be recovered during the winter and spring
months.

At furnaces using iron ores other than Lake Superior ores,
it is not necessary to have an ore bridge, but it is necessary to
have piles of ore reserves in case there is any interruption of
railroad service, or, as in the case of brown-ore mining in the
South, there is a prolonged spell of bad weather. When needed,
the ore is reloaded into railroad cars by a locomotive crane or
steam shovel.

Coke Bin.—Usually the coke bin at a blast furnace is kept
reasonably full, and coke is unloaded from the railroad cars
regularly as they are shipped from the coke ovens.  The practice
of dumping coke directly from the quenching cars into the furnace
coke bin is completely done away with for several practical and
financial reasons. Coke is generally charged into the furnace
by volume instead of weighing each skip load of coke before it
is hoisted to the top of the furnace. It is necessary to have a
regular check on the weights charged against the furnace by
comparing with the railroad weights of the coke unloaded into the
coke bin.

Size of Coke Charge.—The coke charge, i.e., the weight of
coke that is filled into the furnace for each charge, varies accord-
ing to the size of the furnace, the character of the coke, and the
experience of the furnace operator; it runs from 5,400 up to
10,000 Ib. or more. The weight of the coke charge governs
the weight of the ore and limestone in cach charge.

TAPPING THE FURNACE

The length of time between casts varies from 4 to 6 hr. accord-
ing to the size of the furnace and the requirements for the hot
metal; this makes six casts to four casts every 24 hr.  The amount
of molten iron flowing through the iron notch at a single cast
may vary from 100 up to 250 tons, or even as high as 300 tons.
The length of time required for this much iron to run out of the
furnace will vary with the size of the drill used to open the iron
notch, with the fluidity of the iron, and with the condition of the
iron notch. When high-silicon low-sulphur iron is being made
the iron is apt to be ‘“mushy” and thick running and require
a larger drill than a 3-in. bit to open the iron notch.
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The angle of the drill for opening the hole should be the same
as the angle of the iron-notch gun for closing it.

Care of the Iron Notch.—It is essential that the iron notch
stay shut until casting time; with the modern iron-notch gun
and the proper kind of clay, it is scldom that an iron notch breaks
out before the keeper is ready to cast. There is no danger of a
breakout if the keeper ‘“keeps the hole well back.”” W. E.
Brewster, when he was superintendent of blast furnaces of
Wisconsin Steel Works, told the author that he wanted 60 in.
depth of iron notch and felt that anything less than 48 in.
was dangerous. To Mr. Brewster the author is indebted for the
following analysis of a very satisfactory stopping clay from
Ottawa, Ill., for the iron-notch gun:

Contents Percentage
Iron 1.51
Silica 66 06
Alumina 21 18
Lime 0.40
Magnesia 0 65
Loss on 1gnition 8 13

A stopping clay from southern Ohio that proved very satis-
factory had 2.88 per cent Fe, 61.12 per cent Si()y, 25.40 per cent
Al:Q3, and 8.81 per cent volatile matter. The author’s records
show that it was shipped by Lafe¢ Howdyshell of Gore, Ohio.

Care of Hot-metal Ladles.—The hot-mctal ladles which
receive the molten iron at temperatures between 2500 and
2700°F. must be kept clean and safe in order to prevent any
leakage of iron through the lining (see Figs. 28 and 29) and
shell. The accumulation of kish in the big ladles is cleaned out
once every 24 hr., and the linings are examined every time the
ladle is poured. Good ladle practice prevents the ladles from
skulling up; every joint in the brick lining should be visible in
ladles of the open-top type.

The kind of firebrick that make the best ladle linings are differ-
ent from the more refractory brick of the blast furnace linings,
have a large percentage of plastic clay, and are machine pressed.
At some plants a lining of 214-in. bevel brick is laid against the
steel shell and then another course of 214-in. brick of No. 1
quality put in; this is for lining a ladle like that in Fig. 26.

The linings for the Pugh-typc mixer ladles carrying 125
to 150 tons of hot metal are 8 to 15 in. as shown in Figs. 27
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and 28. One masonry superintendent wrotc that for ladles
like that shown in Fig. 26, for transferring hot metal to the
open-hearth furnace, he used a 4}3-in. lining of No. 1 clay brick
and then 2 in. of Gunite, one part loam and onc part ground
firebrick.

DISPOSAL OF THE PIG IRON

.

Most of the pig iron made in this country is never made into
pigs at all but goes direct to the open-hearth furnaces, the
Bessemer converters, and the big foundries of the integrated
steel plants. The U. 8. Tariff Commission has ruled (February,
1927) that ‘“molten pig iron is not an article of commerce since
it can not be transported outside of the plant where made.”
(The very next year after this statement was made, molten pig
iron, produced at the furnace of the Hamilton Coke & Iron
Company, Hamilton, Ohioy was hauled 11 miles over the tracks
of the Baltimore & Ohio Railroad to the stecl plant of The Ameri-
can Rolling Mill Company, Middletown, Ohio, and poured into
transfer ladles at the open-hearth department as shown in
Fig. 108.)

At some steel plants the hot metal is poured from the blast
furnace ladles into big mixers holding from 500 to 1,300 tons of
hot metal, from which the iron is taken in transfer ladles to the
open-hearth furnaces or to the Bessemer converters. Usually
there are gas burners in these mixers for keeping the metal hot.

Merchant pig iron is all poured into pigs at a pig-casting
machine and then is shipped direct to the customer, or else
is stocked in the iron yard for future shipments. The iron from
the furnace may vary in silicon and sulphur contents from one
end of the cast to the other but when poured into the ladle it is
thoroughly mixed so that the iron in each ladle is homogeneous
when cast into pigs at the pig machine. For foundry and
malleable iron each cast is piled by itself, but where basic or
Bessemer iron is made by a merchant furnace, several casts of
like analysis may be piled together in the iron yard.

At a few large gray-iron foundries, especially where ingot
molds are made, direct metal from the blast furnace is mixed
with molten iron from a cupola and poured into large castings,
or poured direct without mixing with cupola iron.
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Merchant pig iron, “iron in pie<” (sce Fig. 1), i shipped to
the consumers in railroad cars (by vessel or barge if the furnace
is on navigahle water).

Carloads of pig iron are carefully inspected as to loading in
the car and as to appearance and ireedom from dirt of any kind.
Although there has been o great decrease in the number of

F1¢. 108 —Pouring hot metal into open-hearth transfer ladle.  (Courtcsy of The
American Rolling VIl Company )

merchant furnaces in this country since the World War. there
ix still 2 demand for quality pig iron for gray-iron and malleable
castings und for steel-making rons,

The most comprehensive furvey of the manulacture and
consumption of merchant pig iron ever made was by the staff
of The [ron Age in cooperation with a pig-iron sales ageney and
published m the issue of June 16, 1927. Inasmuch a~ the vem
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1926 has been often used as a base, or normal year, the two charts
of that survey are herewith reproduced; Fig. 109 shows the
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F1g. 109.—Distribution by districts of merchant pig iron produced in 1926.
(From The Iron Age, June 16, 1927.)
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Fia. 110.—Consumption of merchant pig iron in 1926 by states. (From The
Iron Age, June 16, 1927.)

districts where merchant pig iron was produced in 1926, and
Fig. 110 shows where it was consumed.

Disposal of the Slag.—In Part I, the several methods of han-
dling the slag were described and illustrations of slag pits and
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slag pots were given (Figs. 24 and 25); in later chapters the
various uses of blast furnace slag will be discussed.

There are still some vacant lowlands or river banks near
blast furnace plants where the slag is more valuable for filling-in
purposes than for any other use.  Usually the slag has some other
commercial value. In recent years, the railroads have been
glad to get whole trainloads of heavy blast furnace slag to protect
their roadbeds in times of heavy floods.

BLAST FURNACEMEN. THE FORCE

The superintendent of a blast furnace plant and his force of
furnacemen have much the same relationship as the captain
of a ship and his crew at sea; success and safety in both cases
depend upon the skillful leadership of the commander and the
loyalty and training of the crew. A furnace in blast and a
ship at sca must have the continuous care of the man in charge-
in person and through his forcmen or mates. There is a com-
radeship among the men running a blast furnace that grows
stronger with the close association together in getting good
results in the face of difficulties and dangers. The sight of a
new broom on top of a blast furnace whenever a new tonnage
record is made is a pleasure and an incentive to the whole furnace
force, as well as to those in “the front office.”

A blast furnace superintendent should take care that his fore-
men and furnacemen know as much as possible about the
operations of the furnaces, the daily tonnages and coke con-
sumption, and the details of practice. At one blast furnace
plant where the author became the thirtcenth blast furnace
superintendent within 8 years, the management and the men
were surprised when the night foreman was allowed to “carry
the keys to the scales” and the foremen were shown how to change
the burden and the weights on the scale beams. This saved
many night-trips to the furnace, and it was casy to break all
previous tonnage records.

What H. A. Brassert said about the human element in his
able paper! ‘‘Modern American Blast Furnace Practice’” was
so true then and is so true now that it is quoted here, in part, as
follows:

1 At the May meeting of the American Iron and Steel Institute in 1914.
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To achieve uniformly good practice nothing is more essential than
the building up of an intelligent, watchful and active furnace organiza-
tion. . . . Being continually in close contact with the furnace, they
must be relied upon to watch the many little, yet important details of
operation. The furnace manager who fails to devote as much of his
thought and energy to studying and improving his organization as he
gives to correcting the design of his plant, misses one of his best oppor-
tunities. Any effort on his part to instill into his men a keener interest
in the efficiency of the plant will make his task the easier. . . . In no
branch of industry is the exchange of experience more helpful and
necessary to progress than in blast furnace work.

Just after the World War, Dwight T. Farnum, at a big refrac-
tories plant in St. Louis, gave the author a signed deseription
of his idea of ‘“The 1009, Efficient Plant Superintendent,”
and one item on organizing ability, along the lines of Brassert’s
remarks given above, is as follows:

Organizing ability—that quality sometimes described as ‘team-
sense’”’ which enables a man to recognize and develop the cooperative
team-sense in others in such a way that each fits into an executive
organization—so that it operates as a welded unit, securing results
without friction. The ability to delegate authority and to develop
initiative in others is absolutely necessary if the executive is to secure
the most effective results from his assistants.

The blast furnace plant is an excellent training ground for
future executives in the steel industry.

The number of men required to operate a blast furnace today
is very much less than before the World War, in spite of the
universal adoption of the three 8-hr. shifts in place of the day
and night shifts of 12 hr. each. The heavy, hot drudgery work
has happily been eliminated and the blast furnace has become
almost completely mechanized. A keeper and a cinderman
(sometimes a keeper’s helper) can handle all the work of the
cast house on each shift, ‘““in front of the furnace’’ this is called;
and a skip man and one scale-car man can fill the furnace on
cach shift; a stove tender and a blower look after the hot blast
and the working of the furnace. Sometimes there is a general
foreman whose regular shift is always on day-turn; at a single-
furnace or a two-furnace plant he usually has no other blower
on his shift.
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In the engine room there will be a blowing engineer and one
or two oilers or helpers according to the number of blowing
engines and other machines to look after. Three men at the
pig machine can handle the iron from onc or two furnaces.

The boilers require two or more men according to the size and
cquipment of the plant. A millwright and an clectrician are
needed for each shift, and a blacksmith and helper on the day-
turn.  The number of locomotive erews depends on the methods
used for handling the iron and the slag.

KEEPING THE FURNACE RECORDS

Ever since the author first worked around blast furnaces, the
following item from the Journal of the Franklin Institute, 1876
(page 6), has been in the front of his little card file, and it is
herewith recommended to all who read this book:

Keeping Records.—As surely as development and growth are processes
of improvement and accretion, so surely does the progress of engineering
in all its branches have its basis upon the preservation of present attain-
ments by record, and making them available for future use.

Blast furnace records have been kept in much detail for many
years; weights, volumes, and analyses of raw materials and of
products have been carcfully recorded; the temperatures of
atmosphere, hot blast, top gas, stack gas, feed water, slag, hot
metal, inwall lining, and, sometimes, the interior of the furnace
are obscrved and recorded, many of them on self-recording
instruments; the pressures of cold blast, hot blast, steam, supply
water, fecd water, cooling water, top gas, and gas washers arce
recorded on 24-hr. charts; the number of blowing engine revolu-
tions, skip-hoist trips, revolving-top revolutions, ladles of iron,
charges, and the times the big bell is lowered—all are recorded
somewhere.  Figure 111 shows a stock-line recorder. *

The character of the coke is closely watched and the analysis,
porosity, shatter test, moisture, and general appearance are
recorded. A change in coke-oven practice is very soon reflected
in the operation of the furnace and at many integrated plants the
coke-oven records are sent to the blast furnace superintendent.

The Ore Analyses.—The iron ores are sampled daily and
analyzed for moisture, and a cumulative sample is run for the
usual elements. When a regular mixture is kept on the furnace,
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the ore sampling need not be so frequent; but, in ‘the casc of
special steel-making irons and merchant pig irons, the ores
have to be checked closely. All thesc iron-ore analyses enter
into the records of theoretical yield, actual yield and loss, or
gain, in yield on the daily furnace report and in the cost sheet at
the end of the month. The weights of each ore in the furnace
burden and the number of charges put into the furnace on cach
shift are rccorded. In good practice, a balance sheet of each
iron ore is kept, and a ‘“Consumption, Production, and Loss”

Frc 111 ——~tock-hme recorder  (Cowrtesy of Froyn Engincering Company.)

statement is made up at the end of cach month to show how many
ton-units of iron (Fe) were charged into the furnace, and how
many ton-units of iron were accounted for in the pig iron (at
94 per cent Fe), in the slag, and in the flue dust; the difference
between the ton-units charged into the furnace and the ton-
units recovered is the loss, or gain, in yield for the month
“unaccounted-for.”

Flux Analyses.—The limestone used for flux at a blast furnace,
whether calcite or dolomite, is generally of quite regular analysis,
but it is safer to have frequent sampling and analysis, especially
for silica and alumina,
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Cast Analyses.—Evcry cast of pig iron is sampled, top, bottom,
and middle, and the samples examined for fracture and estimated
for silicon and sulphur. Each ladle of iron is sampled and
analyzed for silicon, sulphur, phosphorus, and manganese.
Occasionally a cast is analyzed for total carbon, graphite, and
combined carbon. The total carbon in pig iron at the same
furnace and making the same kind of pig iron does not vary
much, but the combined carbon varies with the opcration of
the furnace, and the author has found that the percentage of
combined carbon is a good indicator of the quality of pig iron.!

Flush Samples.—Every flush of slag is sampled and put in
““the box” for examination over several shifts. A daily (or
oftener) cumulative sample is analyzed for silica, alumina,
sulphur, iron, lime, and magnesia.

Other Records.—Where a water-softening plant is part of the
blast furnace plant, there are several continuous records of
temperature and analysis besides quantities. The power plant
(stcam and clectric) and the sinter plant usually come under
the supervision of the blast furnace supcrintendent, and they
furnish daily sets of records. At a blast furnace plant using
Lake Superior iron ores, therc are the rccords of ore vessels all
during the season of navigation. Usually the cargoes arc sampled
and analyzed when unloaded at the Lake-front docks as well as
when received in railroad cars at inland furnaces.

It is probable that there are other records kept for the guidance
of the operating force and the management of blast furnaces,
especially where some new device or method is being tried out.
There are certain ratios of analysis that act as guides to operators.
and are recorded daily, such as the ratio of calcium oxide to
silica in the slag, and the ratio of carbon monoxide to carbon
dioxide in the blast furnacc gas. Since the blast furnace is more
susceptible to changes in the weather than the most delicate
watch, it is necessary to keep regular weather burcau records of
the weather at the furnace and to receive the daily weather maps.
When the author first went to Columbus, Ohio, to run two blast
furnaces (now dismantled), he explained to the head of the local
weather bureau the importance of the outdoor temperature and
humidity. The head of the bureau was so intercsted that when a

1 See SWEETSER, R. H., “Combined Carbon: A Controlling Factor in
Quality of Basic Pig Iron,” Trans. A.I.M.E., vol. 131, 1938.
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Fta. 112.—Blast pressure before (left) and after (right) using sinter, sized ore and
electric clay gun. (Hassler, Trans. A.I.M.E., vol. 125.)
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cold wave was approaching, before all the ore cargoes were
delivered, he would telephone a warning so that the company
would not get caught with a lot of frozen cars of ore. Inci-
dentally, the ore burden would be increased in order to have it
meet the heavier and drier air at the tuyeres.

A case of using records and charts to indicate the results of
new methods and devices, was cited! by J. M. Hassler to show
the improvements in practice brought about by the installation
of an electric automatic clay gun and the use of sinter and sized
ore. His illustration is herewith shown in Fig. 112.

By keeping such records, and making use of them, the art
of making pig iron in the iron blast furnace has been advanced
until the blast furnace process is one of the most efficient of all
metallurgical processes.

COKE PER TON OF PIG IRON

The number of pounds of coke per ton of pig iron is usually
the criterion, among blast furnacemen, of the kind of work that
a blast furnace is doing, i.c., whether it is good, bad, or just
average. There is probably no yardstick of accomplishment
that is so elastic as “coke per ton of pig iron,” but when properly
qualified it gives a very clear idea of the efficiency of the operation
of the blast furnace in question.

Properly stated, the ““coke per ton of pig iron’’ should be the
number of pounds of coke actually charged into the blast fur-
nace per ton (2,240 lb.) of pig iron produced, railroad weights to
govern. If coke breeze is screened out at the stockhouse coke
bin, it should be weighed and credited to the coke bin and
charged to whatever use it may be put.

The number of pounds of coke per ton of pig has been gradually
decreasing with each improvement in the preparation of the raw
materials; with each improvement in regularity of operation,
such as the automatic iron-notch gun; with each improvement in
furnace design; and with each increase in blast temperature.
Not very long ago the average practice was one pound of coke
for each pound of pig iron. Recently there have heen many

1 «Offsetting Increased Labor Costs in Blast-furnace Operation,”
Trans. A.1.M.E., vol. 125, 1937.
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cases of less than 1,600 lb. of coke per ton of pig. At the Febru-
ary, 1938, meeting of A.I.M.E., C. E. Agnew reported:!

One furnace, newly lined, has produced basic for the past year on an
average of 1479 1b. of coke per ton of iron, with a best month of 1379 1b.
per ton of iron. This includes the blow-in month. For the year, an
average of 93 1b. of flue dust per ton of iron has been produced, with a
best month of 40 1b. . . . The furnace burden is normally 80 to 85 per
cent sinter, the balance being miscellaneous materials such as roll
scale, heating cinder, open-hearth slag, etc. At one period 95 per cent
of sinter was used.

He reported that ‘‘furnace pressures arc normal; top heat
350 to 400 deg. No water used on the stock. The CO/CO.
ratio runs 2:1 to 2.1:1.”

SAFETY WORK AND ACCIDENT PREVENTION

A blast furnaceman is less likely to be hurt at his blast furnace
plant than at his home, or at his sports, or on the streets and
highways. This was not truc, however, until many men were
killed or maimed by blast furnace accidents, accidents that were
terrific and horrible. The mechanical advancement in equip-
ment and size of blast furnaces in the last decade of the nine-
teenth century was greater than the metallurgical progress in
blast furnace practice. Fast driving, high blast pressures, larger
quantitics of molten iron in the hearth, underground gas flues,
low-grade refractories, almost entire absence of safety guards, no
safety walks or ladders, introduction of fine Mesabi ores, and a
general recklessness in the face of danger made life around the
blast furnace hard and dangerous. Every man assumed the
risk of his occupation.

The author’s first year at a blast furnace plant of four furnaces
was so filled with narrow escapes from instant death by explo-
sions, breakouts, gas and falling objects that he made up his
mind to do all he could to make blast furnacing safe. Many
a blast furnace nowadays has gone a year or more without a lost-
time accident to any one.

A successful accident-prevention campaign usually starts with
the man at the top of the management, and it needs the full and
willing cooperation of every man and woman along the line.

1 ¢Benefits from the Use of High-iron Concentrates in a Blast Furnace,”
Trans. A.I.M.E., vol. 131, 1938.
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There are not many women connected in any way with the opera-
tion of a blast furnace, but tribute should he paid to on» who was
the registered nurse at the first aid hospital of a blast furnace
plant that opcrated a whole year without a lost-time accident
she instilled in the men the danger of negleeting even a slight
scratch or burn, and thus reduced the lost time on account of
infection to zcro.

After the terrible record of the ““ Making of Steel and the Killing
of Men” during the first decade of this century, there was a
definite and concerted action among the iron and steel men to
make the plants safe and to prevent aceidents. The author's
first experience was in seeing the safety deviers put on the blast
furnaces of the United States Steel Corporation; such deviees as
railing, foot guards, gates, and danger signs- simple details
that arc now so commonplace as to be aceepted as a matter of
course and demanded by law; but at first they were sometimes
ridiculed.

Soon came the Workmen’s Compensation Law in Ohio, which
was one of the best laws ever enacted; then men and managrment
fully cooperated to prevent aceidents at blast furnaces and other
industrial plants. The legislators ignorantly exempted  all
farmers from the provisions of this law and th~ [actory inspection
laws, with the result that a farmer operates his farm machinery
without restrictions and lawful safety devices and thus farming
is a more dangerous occupation than blast furnacing or coal
mining.

The next big step in accident prevention was the first aid
instruetion given by the U. S. Burcau of Mines; praciically all
blast furnacemen have received this instruction, and cach plant
has its safety committee made up entirely of employees who
suggest and recommend safety rules before they are put into
effect by the management. The safety committees at the
different plants unite in local safety councils which have been
established in many industrial sections all over the country.
These local councils send delegates to the National Safety
Council, which is the clearing house for methods and devices
for the advancement of safety in industry, in the home, and
on the highways. If the same spirit of cooperation and education
that was put into the safety campaign for blast furnacemen
could be put into a safety campaign for motorists there would
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soon be as much safety on the highways as there is at blast
furnace plants.

The hazards at a blast furnace are those that naturally result
from the continuous production of large quantities of molten
iron, molten slag, and enormous volumes of an cxplosive gas.
In addition to the task of confining these molten and gaseous
streams within their proper channels, there is the work of handling
thousands of tons of raw materials, and the work of producing
the power and providing the water for the operation of the whole
plant. Air and gas, flames and steam, flowing water and molten
slag, refractories and molten iron must all be kept side by side
and in their proper places. Serious troubles are apt to result if
they are prematurely mixed.

The accidents peculiar to blast furnaces are the gas explosions,
breakouts, and slips. Fortunately, owing to the improvements
in construction and practice in blast furnaces, such accidents
are becoming very infrequent, but the dangers of negleet of
right construction and of safe opcration should not be over-
looked. Besides the ecxplosion danger of blast furnace gas,
there is the sickening, and even fatal, effect of breathing air
mixed with the gas. An experienced furnaceman will detect
the presence quickly and will get to fresh air if possible. Gas
masks and respirators arec provided at the first aid stations.
Carelessness and ignorance in blast furnace operations still
bring disastrous results.



PART V

BY-PRODUCTS OF THE BLAST FURNACE
WASTE GAS

Although the prime product of the iron blast furnace is pig
iron, one of the chief by-produects, the waste gas or the blast
furnace gas, outweighs the tonnage of iron in the ratio of about
5.7:1. In the case of a 1,000-ton furnace, there would be about
5,700 tons of blast furnace gas going out of the top of the furnace.

One of the greatest advances in blast furnace practice in recent
years has been brought about by the cooperation of the combus-
tion engineers, the blast furnace engincers, the manufacturers
of refractories, and the steam engineers whereby the requirements
for heating the blast and raising steam have been greatly reduced
thus releasing great volumes of gas so thoroughly cleanced that
it can be used to great advantage at the steel plant and coke-oven
plant.

At the temperature of the top gas, 250 to 450°F. under normal
conditions, there is, of course, much sensible heat carried out
of the top of the furnace, and all the water that went into the
furnace with the raw materials and as water vapor in the air
blast comes out as steam. In Fig. 74 the weights of these
different gases per 2,240 1b. of pig iron arc given, with a total
volume of 150,000 cu. ft. of gas weighing 12,721 1b. per ton of
pig iron produced (a ratio of 5.68:1). In Fig. 73 these weights
and volumes arc expressed in a different way starting with
100 Ibs. of an actual iron ore (Hanna ore, producing 53.35 Ib.
of pig iron); the gases weigh 261.56 Ib., a ratio of 4.90:1. In
the first case, the coke per ton of pig iron was 2,162 Ib., and in
the sccond case, 1,754 Ib. per ton. The weights and volumes
will vary with each different furnace burden.

The calorific value of the blast furnace gas varies from about
90 up to about 105 B.t.u.; this amounts to about 12,000,000
B.t.u. per ton of pig iron produced. The values recorded in
private reports and in published articles vary in the total available
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B.t.u. in the waste gas; and, no wonder, because it is possible for
the composition of the gas to change in the few minutes required
to take the sample. The author has seen such changes, especially
when the furnace was slipping a little on top. In making any
extended study of the values and volumes of blast furnace gas,
it is essential that all the conditions be observed and recorded.
Below are some gas analyses from the author’s own experience.
And he herewith confesses that he did not record enough of the
facts. As a rule, however, a high CO/CO. ratio indicates
faulty practice somewhere, probably a high solution loss of coke.

ANALYSES OF Brast FURNACE Gas

Nitrogen
CO,, | CO, | O, | H, Cqu, and CO: CO, Remarks
% % | % | % | % others, %
12.4 125.8 0.0, 2310 58 5 2 08 | Furnace settled one-
half charge
110 (28.010.1 06|24 57.9 2 53 | Oyster shells for flux
138 23810012 18 59 4 172 [Top temp. 680 to
715°F.
29528 423 15/ 0 8 2 1 62 54 21 90 | Furnace bemg hanked
79 31.4100)29 04 37 4 397 | Bt =115

It has been noticed that the waste gas with the red ores of
Alabama is similar to the gas from furnaces in the Lehigh Valley
using a high percentage of magnetite ores.

Wet Washing.—1It is now well recognized that it is necessary
to cool the waste gas in order to clean it sufficiently low enough
in grains of dust per cubic foot to allow its use in underfiring
of coke ovens and in heating the small checkers of the modern
hot-blast stove. Not only does wet washing remove most of
the dust, but it also removes most of the moisture which is so
abundant in the waste gases of furnaces smelting lake ores
which is due to the moisture in the ores and also to the water
sprays on the stock to keep the dust down.

A. J. Boynton said,! in part:

Final cleaning of gas by wet methods in any of the three types of
apparatus just specified is best effected after a preliminary cooling of

! In his report “Gas Cleaning and Stove Equipment” in connection with
the 1,000-ton blast furnace.
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the gas in a tower scrubber. For the sake both of cooling and pre-
liminary cleaning, the distribution of water within the primary washing
tower should be as complete and perfect as is possible. It is practically
certain that the final cleanness of the gas is affected in some degree by
the efficiency of the primary cleaning. With average top temperatures
the consumption of water will run from 19 to 24 gallons per 1000 cu. ft.
of gas.

One of the difficulties in wet washing is the extremely fine
particles of iron-ore dust which pass through the water towers
without being wet. The Theisen disintegrator is used to com-
plete this wetting; it uses 234 gal. of water and !4 kw.-hr. of
power per 1,000 cu. ft. of gas. This cleans the gas to minus
0.01 grain dust per cubic foot of gas.

T. B. Counselman said:!

The raw gas coming out of the furnace carries about 10 grains of fluc
dust per cubic foot of gas, under best operating conditions. With the
furnace “rolling” or slipping, this quantity may temporarily be greatly
increased. This dust would, of course, deposit on the checkers of the
stoves, or plug the burners under the boilers; therefore the gas must be
cleaned. The first step . . . is dry dust catchers which reduce the
dust content from 10 grains to hetween 4 and 6 grains per cubic foot,
and recover roughly half the total flue dust in the gas. The wet wash-
ers recover most of the remaining dust, reducing the dust content to

. about 14 grain per cubic foot. Electrical precipitators, if used, further
reduce the dust content to about 0.01 grain per cubic foot of gas.

Counselman’s flow sheet is herewith reproduced in Fig. 113.
The wash water from the scrubbers contains too much valuable
fine dust to throw away, and, furthermore, it would pollute the
streams or lakes if not removed by thickeners and filters.?

Dry Separators.—The dry cleaning of gas is only a part-way
process; it takes out the coarse particles of dust, but it is impossi-
ble to effect the cleaning necessary for the more valuable uses
of blast furnace gas. The primary dust catchers and centrifugal
dry cleaners were described in Part I; they are now almost
universally followed by some sort of wet cleaning. For a long
time the hot dry method was thought to be superior to the cold
wet method because of the sensible heat in the top gas, but the

1In his paper ‘“Recovery of Blast-furnace Flue Dust from Scrubber
Water,”” Trans. A.I.M.E., vol. 125, 1936.
2 Sec tbid.
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chilling effect of the water vapor when the gas was burned was
overlooked.

At some European blast furnace plants the dust is removed
by filtration through a series of cloth bags, which makes the gas
clean enough for use in gas engines.

Electric Separators.—The cleaning of blast furnace gas by
the Cottrell electric precipitator was unsatisfactory at first
because the hot, dry gas was sent directly to the tubes of the
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Fr. 113.--Flow sheet of cleaning blast furnace gas and recovering flue dust.
(Counselman, Trans A.T.M.E , vol 125.)

precipitator. In Fig. 34 is shown the modified electric pre-
cipitator in which the gas, cooled and previously wetted, is
cleaned to the desired degree. This removes not only the
remnants of dust but takes out the water vapor i a process
similar to the removal of the last traces of tar in the electric
cleaning of coke-oven gas.

Uses or Brast FurnaceE Gas

Under Boilers.—Blast furnace gas has been the logical fuel
for the boilers of a blast furnace plant ever since the days when
the boilers were built on top of the furnaces instecad of on the
ground, but the recent developments in cleaning and com-
bustion have shown that it can be profitably replaced by certain
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grades of bituminous coal. Most of the existing blast furnaces
are equipped for using blast furnace gas under the boilers, and,
even where most of the surplus gas goes to other parts of the
integrated plant, there will still be arrangements for using a
part of the furnace gas for raising steam.

It is possible to use hot dry gas under the boilers; however,
the flue dust not only reduces the available heat from the com-
bustion of the gas, but it is heated to a pasty slagging condition
that adheres to the boiler tubes and slags the brickwork of the
boilers. Tube cleaners of various kinds have been used to remove
the flue dust and clinker from the boiler tubes, but new installa-
tions will use the clean gas.

In the Stoves.—The percentage of the total volume of blast
furnace gas required for heating the blast is gencrally estimated
to be between 20 and 25 per cent; the better the cleaning of the
gas, the lower the requirements. The total thermal value of the
top gas is variously reported to be between 12,000,000 and
12,925,000 B.t.u.; this latter figure was calculated' by Theodore
Nagel from the data shown in Fig. 74. At an average require-
ment of 22.5 per cent of the gas for the stoves, it would take a
total of 2,908,125 B.t.u. for the stoves, of which, according to
the same author, 2,650,000 B.t.u. would be returned to the
furnace in the hot blast.

Underfiring Coke Ovens.—The use of thoroughly cleaned
blast furnace gas for the underfiring of by-product coke ovens
was first introduced on a large scale in this country at a plant
having a contract for large volumes of city gas; since then the
use of blast furnace gas has extended to many operations in the
integrated stecl plant.

At the Federal Plant of the Interlake Iron Corporation in
Chicago, the blast furnace gas, cleaned to less than 0.01 grain of
dust per cubic foot is sent under the river in a 60-in. gas main and
used for underfiring the coke ovens that furnish gas for the city.

At one plant in the Ohio Valley the coke ovens are arranged
to use either straight blast furnace gas or a mixture of furnace
gas and coke-oven gas. The gas from the blast furnaces is
cleaned in 'a Brassert dry whirler, a tower washer, and a dis-
integrator; thence it goes to a million cubic feet gas holder.

1 Presented in his paper ¢ Blast-Furnace Air-Blast Beneficiation,” A.1.M.E.
(manuscript mimeographed), 1935.
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The air and furnace gas are put through the regencrators in
20-min. reversals. The coke gas is mixed with the furnace gas
right at the burners.

Blast furnace gas has been successfully used in place of the
coke-oven gas, thus releasing the equivalent of the higher value

F16. 114.—Gas holder—new type. (Courtesy of The American Rolling Mdll
Company.)

gas for the market or for plant use. It was a rather startling
innovation at first, but it was sound in principle and has proved
profitable in practice. :

In the Steel Plant.—Blast furnace gas, in spite of its low
B.t.u. value, has gradually taken the place of producer gas in
different furnaces, such as the soaking pits, reheating furnaces,
and, mixed with cokc-oven gas, open-hearth furnaces, at the
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integrated steel plants. At the integrated stecl plant of the

Great Lakes Steel Corp., on the Detroit River just below Detroit,

Mich., the coke ovens are fired with blast furnace gas from their

blast furnaces on Zug Island. The Iron Age, July 22, 1937,
says:

The 130 coke ovens under construction will have a capacity of 2350
tons of total coke every 24 hr. . . . The gas plant installation includes
a holder which will be 170 ft. high and 118 ft. in diameter and a 42-in.
main almost three miles long. The coke ovens will be fired with gas
from the blast furnaces. Excess blast furnace gas and the coke oven
gas will be delivered through the mains to be used throughout the Great
Lakes operations including slab and. billet reheating, and open-hearth,
box annealing, and normalizing furnace heating. The gas production
will be approximately 83,000,000 cu. ft. per day.

The gas holder of The Hamilton Coke & Iron Company for
coke-oven gas is 210 ft. high and 194 ft. in diameter, and holds
5,000,000 cu. ft. of gas. Instead of being round, it has many
sides as shown in Fig. 114; instead of an inverted dome in a
water scal, this holder has an immense piston to fit snugly inside
the. holder, rising and falling with the volume of gas and l\vopmg
a constant pressure of gas regardless of volume.

BLAST FURNACE SLAG

Dry Solid Slag.—Blast furnace slags, containing the non-
metallic minerals of the furnace burden in the form of silicates
of lime, magnesia, and alumina, will solidify in the air very soon
after flowing in the molten state from the blast furnace. The
density of the air-cooled slag depends upon its composition;
the specific gravity varies from about 1.83 up to 2.82; and
the weight per cubic feet varies from 114 up to 176 lh. A
test made at Columbus showed a weight of 12134 lb. per cubic
foot for a slag from a furnace making basic iron.

The methods for pouring the molten slag on the slag dump or
into special slag pits have various effects upon the slag when
crushed and scereened. If the stream of slag is thin and quickly
cooled, it will be more friable than if cooled slowly and in thicker
layers. For road material (called “road metal’’), the crushed
slag should be strong and tough, qualities obtained by slow
cooling in rather thick layers. This method is used by the
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Tennessce Coal, Iron & Railroad Company at their Ensley
Works, the slag is hauled in big cinder pots and dumped into

i, 115 Molten slag poured mto ander pits — (Cowrlesy of Bonangham Slay
Company )

Fig. 116.—Loadmg slag trom modified <lae pits into hopper ca~ (Cowrtosy of
Burmangham Slag Companiy )

long dry pits about 15 ft deep (ax shown in Fig. 115) and is
dug out with eleetie shovels and taken to the slag-erushing plant
of the Bumimgham Slag Company aud prepared for the market
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This electrically operated erushing, sereening, and washing
plant has a capacity ol 4,000 tons per day  This same company
has a similar plant near the Fairfield blast furnaces and anothe
at Alabama City taking slag from the Gadsden fwnace

Fia 117.—Crushing and screening plant  Left to right  asphalt plant, <lag
washing plant; slag storage, rewdy-miv concrete (Courtesy of  Bumingham
Slag Company.)

The standard sizes for this company are as follows:

Number Use | Sizes
1 For roads l 4 to 214 in,
12 For roads ! o1t m
2 For roads 2t te 1, m
23 FFor conerete ' 2lg to Yy
3 For concrete C115 0 Gy m
34 For concrete 1y to i
4 For concrete bpto Y
46 For roads N 5o to 10 mesh
6 For roads on to 10 amesh
6-A | Washed 1oofing S0 to 1
7 For roads | Py to dust

Probably the first practieal use for dry solid slag was for
making roads and for railroad hallast, no ~pecal preparation
was required or given for many years, but nowaday~, with
competition from sized limestone and other rock products,
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there are stiet requrements lor sizing, cleanliness, porosity,
and strength  For certam uses there arve hmts on analysis of
magnesia and sulphur

Wet Granulated Slag.—For con cnience and for low operating
cost in restricted space, the wet granulation of blast furnace
slag has heen earried on at some plants by runmng the molten

5

Fia. 118.-—Dry slag granulating mill.  (Cowrtesy of Edgar E Brosius, Ine.)

slag direet from the furnaee mto pits partly filled with water.
Under the nose ot the cnder spout would be a water-spray
nozzle that would granulate most of the slag before it struck
the body of water

At plants where the wet granulated <lag ix to be used for
makmg cement, the molten slag flows down the “cinder fall”
and into a long sloping diteh or sluice, passing over a granulating
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spout. which has a high pressure jet of water on the underside
The slag is granulated into a sort of fine sand and is carried by the
stream of water to a loading station and drained before loading
onto cars for shipment to the ecement plant.

Granulated slag has heen used for many miles of railroad fill
and even for roadbed. It has slow-setting cement qualities
and is very easy to handle, and sometimes is flushed into place
with hydraulic jets. For lightweight filling on bridges and
structures, for fireproof filling, for runways on flying ficlds,

FIG [1Y.— Conrse dSuperock, actuwl size. (fasster, Irans L W L ol 128.)

for flooring in large warchouses, wet granulated slag has found
extensive use, '

Dry Granulated Slag.—Another form of granulated slag has
heen introduced mto this country, a sort of “dry’” granulated
slag, made by pouring the molten slag from the slag pots mto a
patented rotating machine containing paddles. J. M. Hassler
deseribes! the Superock (the name given to this granulated slag)
plant at Thomas Works of the Republic Steel Corp. in Birming-
ham, Ala., and Fig. 119 is taken from that article. Hassler
explains the making of Superock as follows:

!In his article “Offsetting Increased Labor Coxt in Blast-furnace Oper-
ation,” Trans. A.J VI F, vol 125 1937.
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It is made by pouring molten blast-furnace slag into a rotating
machine, which whips and cools it and breaks up the lumps. A small
amount of water is used at the entrance spout, which literally explodes
the hot slag. The concussion, the rotary paddie force of the machine,
and the expansion of gases released from the slag while in the machine,
blows up the cooling, or hardening slag, while still plastic, into a mass
of tiny celts. Iach cell is separated from the others and surrounded by
a thin wall of very hard and dense material. The cells have no passage-
ways joining them nor do they connect. Under the microscope Superock
is found to be a mass of these tiny air cells of varying size that cannot
he seen with the eye. .

While the shell of the aggregate is very hard and dense, so little of the
total volume is occupied by the shell, or cell wall, that the weight is
light and the large pieces are readily crushed, or broken, and screened
into sizes desired. Superock thus has tensile and compressive strength
approaching dump slag, yet weighs from 32 to 46 lb. per cubic foot.
depending on the size, which is less than half of ordinary silicious sand
aggregates. Superock mixed with Portland cement and rodded dry
averages 40 1b. per cubic foot.

Crushing and Screening.—The crushing and sercening of dry
solid slag are like the preparation of rock products especially of
limestone, except that it is necessary at all slag plants to run the
slag over a magnetic pulley in order to remove the serap iron
that runs out with the slag as shot iron in the flushes and in
larger picces at casting time.

The crushing and screening of slag, some of it still quite
warm, is a very dusty job and some recent plants have put in
dust collectors. For certain fine sizes, the crushed slag is
washed.

Concrete Aggregate.—Thc use of sized slag for concrete was
indicated in the table of standard sizes given above. Its supe-
riority as-an aggregate in fireproof construction has been well
demonstrated; in some cities the building codes specify slag
aggregate for buildings above a certain low height. The finer
sizes of slag arc used for aggregate in hollow tile and solid build-
ing blocks, which are fire resisting and have good insulating
properties.

James R. Cudworth and Joseph C. Mead describe! the use of
crushed slag for ready-mixed concrete (in some years more

' In a paper “Utilization of Slag in the Birmingham Djstrict, Alabama,”
Trans. A.I.M.E., vol. 125, 1937.
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money was made on slag than on pig iron where this method
was used):

READY-MIX CONCRETE PLANTS

Several companies in the Birmingham district operate ready-mix con-
crete plants. In fact, the Sloss-Sheffield Steel and Iron Co. pioneered
this branch with a plant built in 1924, The plant has been enlarged and
modernized until now it has a capacity for mixing 1500 cu. yd. per day.

This ready-mix plant, which is representative of the practice in the
district, utilizes the air-cooled slag from the company’s blast furnaces.
The slag is crushed and screened in the slag plant and then conveyed
from the storage bins. Sand mixtures are also stocked in storage bins
and conveyed to the ready-mix plant. Iixtensive experimentation has
determined the proper mixtures of sand and aggregates to prevent segre-
gation during the period of delivery. The sand and slag are stored at
the ready-mix plant in three bins for three proportions of aggregates and
in three bins for sand mixtures. The use of cement in large quantities
requires special cement-handling equipment consisting of a power shovel,
vibrating screen, cement pump and four storage tanks. ILEach tank has a
capacity of 500 bbl. Both Portland cement and slag cement are used
and mixtures of the two are frequently specified. The materials are
conveyed to weighing hoppers and pass from them into the three mixers.
From the mixers, which are of the tilting type, the product is delivered
in open-body trucks.! Recently revolving mixers of 3-cu. yd. capacity
mounted on truck chassis have been added to the equipment.

Roofing Material.—The usc of fine crushed slag for “tar
roofs’’ has long been known as a fire-resisting material. The
size known as ‘“‘washed roofing” is through 54-in. screen and
on 14 in. The finer sizes are used in the rolled roofing. Slags
of certain analysis and structure are used for making special
coverings and shingles, such as Flintkote.

Slag for Road Building.—Crushed and sized blast furnace
slag is successfully used in building roads, not only in aggregate
for concrete and in waterbound macadam, but the finer sizes
have been used with asphalt and tars for surfacing, and for
making bituminous paving mixtures which can be laid and rolled
cold. It is natural and cconomical for a region to use its local
resources for paving its highways and streets—clay paving brick
for Ohio, concrete for Pennsylvania and Tennessee, granite
paving blocks for Boston and New York, and crushed blast

1 M. F. BEISLER, Pit & Quarry, vol. 22, no. 5, p. 49.
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The chief value of flue dust, of course, is in its iron content
which varies almost directly with the percentage of iron in the
ore burden. The second valuable ingredient is the fine coke
breeze which varies greatly according to the period it was pro-
duced, the place in the gas-cleaning system it was deposited,
and the smoothness of the blast furnace practice.

Fia. 120.—Flue-dust conditioner to remove and to moisten dust from the dry dust,
cateher  (Courtesy of Edger E- Brosius, Inc.)

There are still some large stockpiles of flue dust at furmace
plants in this country awarting the right time to be sintered.
With the advancement of the art of simtering iron ores, the earbon
content of these old flue-dust piles becomes more and more
valuable hecan~e the finely divided earbon contained m the coke
breeze seattered through the flue dust 1z an ideal tuel for sintering
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fine iron ores. Stock flue dust has been known to contain as
much as 33 per cent carbon. Recently the author saw old dust
that contained 25 per cent carbon, compared with about 15 per
cent carbon in the flue dust being produced at the same furnaces.

The better screening of the coke that is charged into the furnace
and the smoother the movement of the furnace, the less will
be the carbon in the flue dust. The fixed carbon at an Ohio
furnace was as low as 7.11 per cent with iron up to 55.20 per
cent in the flue dust.

The flue dust that is carried off from wet washers in the
scrubber water is so fine that over 80 per cent will pass through
200 mesh.  Counselman in his paper (sce Wet Washing, page
283) describes the recovery of 92.5 per cent of this very fine dust
by thickeners and filters, and says that “the usual method of
agglomeration is sintering.”



PART VI

THE COMMERCIAL SIDE OF BLAST FURNACE
PRACTICE

The author had been furnacing for a dozen years before anyone
taught him the intricacies of steel plant cost sheets and showed
him the intimate and vital connections between costs of pig iron
and blast furnace practice. Men approach the position of blast
furnace superintendent through different channcls—sometimes
the laboratory, often the “monkey wrench gang,”” but seldom the
cost department—and the more channels he works in the broader
his experience and the more chances for success.

This part of the hook will deal with some of the commercial
questions relating to the making of pig, especially the details of
pig-iron costs.

PIG-IRON COST SHEETS

A pig-iron cost sheet should show all the details of quantities,
analysis, and prices of raw materials, total tons, and total costs,
and the total cost per ton of pig iron produced; the details of
labor costs, and total cost per ton; the details of labor cost and
materials for repairs, maintenance, and service; details of
miscellaneous operating expenses, and the total costs per ton
above the cost of materials.  These costs vary greatly in different
parts of the country largely on account of the differences in the
assembling costs as seen in Table XXI in the section on that
subject.

For obvious reasons the name of the companies and the prices
and costs in the two examples of cost sheets (pages 298-301) arc
omitted, but the items are shown in detail; the first is for a
lake-front furnace and the second is for an inland furnace.

THE COMPARATIVE COST SYSTEM FOR PIG IRON

A dependable cost system is necessary for the profitable
manufacture of any product, and such a cost system must
be based on reliable data, collected and assembled so as to

297
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—— COMPANY

Cost SHEET FOR BLAST FURNACE DEPARTMENT, A FURNACE
Month of March 193__
Mf’- % me- Cost | Aver-
terial Gross
Items talhe Price | Amount| per |ageto
per tons
contents ton date
ton, 1b
Ore 35 58 546,
Ore 50 49 | 7,832
Ore 51 04 | 7,545
Ore 50 20 | 2,040
Ore 47 05 | 1,115
Ore 52 08 | 2,481
Ore
Ore
Ore S DI
Totalote | 3,376 50 2!'{ 21,559
Sciap 512 85 00 | 3,269
Sinter 127 48 00 809
Mill scale - 53 65 ()_0‘ 77336
Total other iron-bearing ma-
tlihi o o 692 76 10 4,414 -
Totul memlh( mntme_‘_“ 4,068 54 77 25,973
(‘oke 1.579 11,297
Lunestone - 806 5,767
Total raw mnt«_-nuls 6,453 43,037
Raw matciials stocking Labor | Othe. | "lotal

Unloadmg to stockpile
Loading transfer ear
Dock storage charges
Total
Total matenals charged

Superintendents, foremen, blowers, ete
Stocking bms and charging—Ilabor
Blast and stoves—Ilabor

Cast house—labor

Disposal of slag-—labor

Pig casting—Ilabor

Pig-iron stockmg and hulld]l]lﬁ']ubor
Other furnace labor

Labor in furnace repairs and muntenance
Total furnace labor

Material in furnace 1epairs und mmntenunce
Lubricants, waste, and packing

Pig casting—supplies and other

Pig-iron stocking and handling—supplies
Tools and miscellaneous—supplies
Tuyeres, blocks, and cooling plates
Refractories ...... PN

Demurrage .. . .. ..
Personal injury  .........
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— COMPANY.—(Conttnued)
. Cost | Aver-
Items Gront Price | Amount | per | ageto
tons
ton date
Steam (410 3975 tons coal @ $3 65)
Water
Electric powet and hight
Yard switching (175 tons coal @ %3 65)
TLaboratory
Stable and Garage
Shop expense
Store expense
General works expense
General admmistiation
Relining stacks and stoves and pamting ‘
Miscellaneous ¢1edits o _[ s
(C‘ost. above matenals charged !
Less eredits: Slag o [ . |
Net cost above matenals chaiged | |
Net total works cost !
Product
Foundry Number of days Total matenals
Malleable 14,303 operation 31 charged
Bagie Average product per Total labot
24 hr 461 Total othe
Total 14,303 Tons made snce Totul cost
Average sihicon 1n Jan 1 40,838 Average to date
1non 1 83 Cubic feet air per Total matenals
¢, Hi Sul Iron—Mo Nil minute 33,660 charged
o Hi Sul Lion—To Cubie air per pound Total labor
date Nil coke 65 'Total other
Lb. coke per ton iron Total cost
to date 1,811
Lb. stonc per ton
1ron to date 779
Actual yield metal 55 07
Theoretical yield . 58 63
Furnace loss 3 56
Coal  for mscella-
neous puiposes, 200
tons @ $3 65

Tons made on hining 127,113  Furnace blown in

Furnace blown out

accurately reflect all the varying conditions that have a bearing

on the actual cost of that particular product.

Many executives

are misled in making decisions as to the prices of their commodi-
ties because their cost sheets do not tell all the truth; and many
operating men are wrongfully blamed sometimes when the cost

sheets show higher costs than for the

preceding months.
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__ COMPANY
Cost SHEET . Division WoRks
Blast Furnace Production Unit, Gross Ton Date . 19__
. pe . 1
Lb. per gross Quantity Actual cost
ton -
% non Production
Item % of mix | con- Price unit cost
tent | This | Last . Amount
month | month Total Unit This | Last
month | month
Ore 32 06 54 66| 1.282 | 1,208 | | Gross ton -
Ore 24 91 50 35| 996 | 1,047 Gross ton
Ore 15 24 53 04 610 604 Gross ton
Ore 17 35 85 6 10 Gross ton
Ore 3 05 45 00| 122 121 Gross ton
Siter 2 35 52 68 94 88 Gross ton
Open-hearth
slag 718 25 80{ 287 352 Gross ton
Seale 380 65 78| 152 131 Gross ton
Serap 726 92 00{ 290 306 Gross ton
Skimmings 87 27 50 35 Gross ton
Pit cinder 2 53 65 78 101 58 Gross ton
Shot scrap. 58 92 00 23 Gross ton
Total metal-
lie 100 00 54 29| 3,098 | 3,925 Gross ton -~
Coke 89 51carbon | N.t. | 1,655 | 1,656 Net ton
Limestone | 49 22 CaO N.t 605 604 |  (Netton | o
‘Total matenial charged 6,258 | 6,185

Fuel for miscellancous purposes:
“oal for boilers

_Smithing coal
Total miscellancous fuel -
Producing labor:
Stocking and charging Hr.
Blowing .. Hr.
Casting Hr.
Casting machine . . Hr.
Other producing labor Hr.
Total producing labor . . Hr. T
Labor mn repairs:
Boilers .o .o Hr.
Blowing cngines . Hr.
Water works Hr.
Casting machine Hr.
Bonus paid to mechanical crew
General Hr
Total labor in repairs Hr. A
Total labor in maintenance Hr
Total labor Hr.
Material in repairs:
Boilers

Blowing engines.
Water works




THE COMMERCIAL SIDE

—_ COMPANY —(Continued)

301

Item

Lb per gross
ton

This
month

Last
month

Quantity

Total Unt

(asting machine
General

Total material mn repairs
Total matenal 1n maintenance

Shops overhead

Boilers

Blowing engines

Casting machine

General

Maintenance

Total shops overhead
Miscellancous material*
Lubricants
Tools and miscellancous supphies
Tuyeres and cooling plates
Stopping clay
Brick and clay tor himing ladles
Other refractories
Boiler compound

Total miscellaneous material

Service accounts

Yard switching
Locomotave cranes
Electric light and power

Total serviee accounts
General operatirg expenses.,
Supt , foremen and clerks
Works office
Laboratory
Trucks
Reserve tor deprecation
Reserve for relimng and renewal

" Total general operating expenscs. -

Total cost over matenal charged
Total matertal charged
M.O.E. at $.012 of $1.00 of cost

Total cost of production
Brought forward

104 700 Kw -he

1,334| Hr
291| Hr.
520| Hr

Price

Amount

Actual cost

Production

unit cost

This | Last
month | month

Less credits

Scrap sales

Steam sales e .
Water sales ~ ....... . ..
Slag sales B
Switching and handling. .........
(oke breeze

Other sales

Total credits

Net cost of production
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In the steel industry there has been much progress in cost
accounting since the World War, but there are still so many
varying opinions as to the proper handling of certain items of
cost that we cannot yet say that the industry has attained a
stable cost accounting system for its multifarious products.
These divergent opinions are very evident in comparing the
costs of one integrated steel company with those of some other
integrated steel company; and even in the same company con-
trolling several different plants making the same product there is
great difficulty in having all the items of the cost sheets com-
pletely comparable in all the different plants. An analysis of
the reason for these differences shows us that there are slight
diffcrences in raw materials, equipment, quality of product, or
personnel that affect the costs and prevent a truly accurate
comparison of costs.

Pig-iron Costs.—Pig iron is usually an intermediate product
in a modern steel plant, in spitc of the fact that it is the origin
of practically all the steel now being made, and once was the
origin in cases when steel is made from scrap. The true cost of
pig iron is seldom shown by the cost sheets of steel companies
because the manufacturing cost of the pig iron does not reflect
its proportion of the fixed charges on the facilities that provide
the raw materials for the blast furnace, and usually the fixed
charges on the blast furnace itself are included only in the balance
sheet of the final accounting of the corporation. When in vertical
operations the cost sheet for pig iron does not reflect the cost of
depletion and depreciation on iron ore, coal, coke, and other
raw materials but these items are included in the lump sum for
these accounts after all manufacturing costs, then the true cost
of the pig iron is not available to the executive who decides what
the price of his pig iron shall be to other departments of his
steel plant, or in the open market. In those rare cases where
the true cost of pig iron is expressed by the pig-iron cost sheet
there seems to be a wide difference between that cost and the pig-
iron cost in integrated steel plants that do not find their cost
of pig iron in the same way. This is especially true in the case
of steel plants located on the shores of the Great Lakes, and
owning iron-ore mines, coal mines, and quarries. Oftentimes
the price of raw materials to the blast furnace will not include
anv charoes for are dacks and handline machinerv ather than
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the direct operating costs. Under such ecircumstances pig iron
can be put below the true cost with the executive kept in igno-
rance of the fact that hd is losing money.

Comparing Costs.—In comparing the costs of pig iron at the
different plants of the same company, or in comparing the costs
of different companies, there are always differences of conditions
and accounting that make true comparisons impossible. But,
even if all the rightful charges are included in the pig-iron cost
sheets, therc is one other question that must be answered before
the executive has the necessary information for making his final
decision as to the right cost and the right price for his pig iron.
That question is: How near does the actual cost of the pig iron,
as shown on the cost sheets, come to the ideal cost under the
conditions of prices and analyses of raw materials, of labor rates,
of plant capacity, and kind of product prevailing during the
period covered by the cost sheet?

When the answer to this question is known, then comparisons
of pig-iron costs at different plants can safely be considered.
Furthermore, if such comparisons show up unfavorable costs, it
will be possible to find the reason and to plan for the
remedy.

Ideal Cost.—The ideal cost of pig iron at any blast furnace for
any cost period is that cost per ton of pig iron which would be
obtained if the furnace produced 100 per cent of capacity,
recovered 100 per cent of the available iron units in the ore mix-
ture, and operated at the agreed number of hours of labor at the
standard rates, and with the standard daily cost for supplies
and service, for overhead and relining, and for depreciation.
The ideal cost for any cost period involves the actual prices and
analyses of the raw materials used during that period and includes
salaries, relining charges, and depreciation at the predetermined
rates. The ‘“‘ideal cost” as adopted includes only seven items,
as follows:

Ore
Coke
«  Flux
Labor
Supplies and service
Overhead
Relining and depreciation
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If desired, the seventh item (relining and depreciation) can
be omitted, because it is usually a fixed charge per ton and
does not vary with the tonnage. However, it is better to include
it and to show each part separately, as in Tables XIX and XX.

The Columbus Comparative Cost System (First Evolved at
Columbus, Ohio).'—The Columbus comparative cost system for
pig iron compares the actual cost per ton of pig iron each month
(or for each cost period) with the ideal cost for that month or
that particular cost period and shows cxactly where there has
been an excess cost or loss in yield and generally points to the
reasons. It is based on the metallurgical values of the ore
mixture, coke, and limestone used in the blast furnace for making
pig iron and combines costs and analyses in such a way that the
management can evaluate the varying qualities of these raw
matcerials. It places directly upon the management the responsi-
bility for quality and prices and relieves the operating superin-
tendent of blame for not getting high-grade production and costs
with low-grade and high-cost materials.

The Columbus comparative cost system for pig iron is a guide
for operations and the purchasc of materials, as well as being a
check on waste of materials, supplies and labor. It in no way
changes or interferes with the cost accounting system in use, but
it sometimes detects errors that may have crept into the cost
sheets. It requires certain facts and figures already included
somewhere in the cost-keeping and time-keeping records.

The fairness, brevity, and clearness of this system of comparing
costs make it dependable and helpful to both the exccutive and
the operator and provides a measuring stick for performance
that is almost uncanny in detecting leaks of time, materials, and
money. The comparison between the actual cost and the ideal
cost can be so condensed that it literally can all be “put on a
postal card.” Generally, all the figures are accompanied by a
brief explanation of why the actual cost of each of the six items
is above or below the ideal cost of that item.

The system is based on the metallurgical laws of making pig
iron, the capacity of the blast furnace, the equipment of the
plant, and the kind of pig iron produced.

Basis for Ideal Cost.—In order to set up a Comparative Cost
System for a blast furnace (a separate cost sheet for each blast

Initiated by the late J. H. Frantz, vice chairman of The American Roll-
ing Mill Company.
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furnace in a plant is essential for good management) it is necessary
to recognize certain baselines from which to start, and from which
we can make the many adjustments made necessary by the ever
varying conditions of price, analysis, and operation. Thesc
base lines are as follows:

. The rated daily capacity of the blast furnace

. An ore mixture containing 51.50 per cent Fe (natural)

Coke containing 90 per cent fixed carbon

. Flux stone containing 49 per cent CaQ

. The standard force sheet for that furnace

. Agrecment on the daily cost for supplies and serviee

Agreement on the daily cost for overhead expense

. Agreement as to the per-ton charge for relining and depreciation

N e S N

Blast Furnace Capacity.—The capacity of a blast furnace
expressed in tons (2,240 1b. to the ton, gross ton) of pig iron per
24 hr., is essential to the comparative cost system in spite of the
fact that the generally accepted rule established by the Southern
Ohio Pig Iron and Coke Association in 1920, expresses blast
furnace capacity in pounds of coke burned in 24 hr.

This rule is that a blast furnace of modern construction should
burn 60 lb. of coke per cubic foot of working volume in 24 hr.

The base coke in this system contains 90 per cent carbon
(at 212°F.) and 3 per cent moisture as received.  The “working
volume” of a blast furnace is the cubical contents from the
level of the center line of the tuyeres to the level of 2 ft. below
the big bell when closed.

A big-hearth furnace will make more pig iron than a furnace
with less diamecter in the hearth to the extent of the increase in
the working volume, and no more; and even not then, unless
the other dimensions of the furnace are properly proportioned.
There is something wrong somewhere when a blast furnace
does not burn about 60 lb. of coke per cubic foot of working
volume in 24 hr.; the trouble is either in the coke or in the furnace;
if it is in the furnace, it may be in construction, in equipment, or
in the handling of the furnace.

This rule holds good regardless of the kind of iron that is being
made because the tonnage of coke consumed is the governing
factor. Some kinds of iron require more coke per ton and,
therefore, the tons of pig iron produced on the total coke con-
sumed in 24 hr. will be less.
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Base Ore Mixture.——The ore-mixture basis of this system is
half Old Range ores and half Mesaba ores, containing 51.50 per
cent iron (Fe) in the natural state. The theoretical yield of
pig iron from such a mixture is 54.78 per cent pig iron containing
94 per cent Fe.  The percentage of silica in this base ore mixturc
is assumed to be 8.00 per cent. The quantity of ore mixture
required per ton (2,240 1b.) of pig iron is 1.825 tons, 4,088 1b.,
containing a total of 210,532 units of iron (Fe), assuming that
there is 100 per cent recovery, which is practically impossible,
but often is so recorded in the cost sheets.

A balance sheet of all units of iron bought and delivered into
the furnace is carefully kept, so as to guide the management
in the accounting and in the inventory. It is not unusual for
this balance sheet, Cost Data Sheet No. 4 (called the consump-
tion, production, and loss statement) to show a greater recovery
of pig iron than is theorctically possible. When this persists
month after month, it is certain that there arc errors in the
furnace records somewhere: weight of material or of product
may be wrong; samples taken for analysis may not be truly
representative. Each month all of the units of iron contained
in the ore mixture charged into the furnace arc debited and
all the units of iron in the pig iron, in the flue dust, and in the slag
are credited, and the difference is the unaccounted-for loss or
gain for that month,

This consumption, production, and loss statement is a wonder-
ful metallurgical and inventory check on blast furnace operations
and a guide for the supervision of sampling, analyzing, weighing,
and accounting. This record begins with the filling of ore into
the furnace for blowing in and continues throughout the blast.
If the records are accurately kept, there will be a certain unac-
counted-for loss which will represent that loss of iron in manu-
facture that was not recovered as pig iron, castings, or scrap, or
else was not accounted for in flue dust or slag.

Adjustments for variations of the percentage of iron in the ore
mixture will be explained later under the subject of adjustments.

Base Coke.—Although the base coke approved by the Southern
Ohio Pig Iron and Coke Association in August, 1920, was a coke
containing 89 per cent fixed carbon, the base coke adopted for
the Columbus comparative cost system contains 90 per cent
fixed carbon (at 212°F.) and 3 per cent moisture as received,
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railroad weights govern. The coke should be tough, but not
dense or fragile, and free from breeze. This is called “commercial
coke’’ (to differentiate it from “dry coke”’).

It is assumed that it requires 1,800 lb. of ‘‘commercial coke”
as described above, to make 1 ton of pig iron from an ore mixture
containing 51.50 per cent iron (Fe), natural, and with blast
temperature at 1200°F. The base coke contains 1 to 2 per cent
volatile matter and less than 1.00 per cent sulphur; obviously,
the ash in the base coke will not be over 9.00 per cent.  Adjust-
ments for variations in the analysis of the coke used will he
explained later on.

Sometimes the character of the coke is such that it'is impossible
for the furnace to consume 60 1b. of coke per cubic foot of working
volume in 24 hr., even when all conditions of furnace construction
and accessories are satisfactory. Usually in such a case, the
ash in the coke is excessive and the coke is blocky and dense,
causing high blast pressure ‘and sticking and slipping of the
furnace. The obvious remedy is the immediate reduction of
the ash in the coking coals and such adjustments in the coking
time and heat of ovens as will reduce the density of the coke.

Base Limestone.—The base limestone is calecite with 49 per
cent calcium oxide. Magnesia is not considered at all, and
only the caleium oxide enters into the calculations for values,
although in some cases it will be necessary to have not less than
about 7.00 per cent magnesia in the blast furnace slag. A calcite
limestone without any magnesia is a very unsatisfactory flux
in the blast furnace, and often it is necessary to use some dolomite
mixed with the calcite.

The method for making the necessary adjustments on account
of variations in percentage of calcium oxide and the use of open-
hearth slag in the ore mixture will be explained later.

Labor.—Just as it is necessary to know how much pig iron a
blast furnace will produce in a day, just so is it necessary to
know how much work a man should do for a day’s work at a
blast furnace; a man-day at a blast furnace is one man working
8 hr.

The ideal amount of labor per ton of pig iron, expressed in
hours and in money, is found by dividing the ideal daily tonnage
of the blast furnace into the total hours of labor and the total
cost of labor per day as shown on the standard force sheet
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approved by the managemecent and in use throughout the cost
period. The ideal labor cost includes all the items of labor
included in the regular cost sheets used for pig iron.  All salaries
charged against pig iron are included in the cost for overhead.

The standard force sheet shows the total number of employees
on the hourly payroll and shows the total number of hours
worked by all the wage earners in a 24-hr. period and the total
wages earned. From these figures are derived the hours of
labor per ton of pig iron and the average rate of wages per hour.
The ideal labor cost for the ideal tonnage can then be shown.
Adjustments for variations in rates and tonnages will be explained
later.

Supplies and Service.—The cost of supplies and the cost of
service are combined into one item in the Columbus compara-
tive cost system under the heading of “Supplics and Serviee.”
The total cost of this item for a 24-hr. period is ascertained by
adding the average daily quantifies and costs of coal, sand,
refractories, bronzes, tools, chemicals for water treatment, all
materials in repairs and maintenance, lubricants, yard switching,
locomotive crane service, electric light and power, steam, and
any other supplies and services that are included in the regular
cost sheets.

The ideal cost for supplies and service is expressed in total
cost per 24 hr. and then in cost per ton for the ideal daily tonnage.
This item does not have to be adjusted each month except that
the per-ton cost will vary directly with the average daily produc-
tion of pig iron. However, there are so many small items
included under this heading that it is advisable to review the
whole list of supplies and service ocecasionally so as to make the
necessary revisions.  Changes in practice, equipment, or account-
ing methods should be watched closely and the daily total ideal
cost for supplies and service changed accordingly.

This item per ton is directly reduced by increased daily pig-iron
production.

Overhead.—The cost of overhead includes all those items
usually carried under general operating expense and miscellancous
operating expense in the regular pig-iron cost sheet, excepting the
charges for relining and for depreciation. It includes salaries,
taxes (whenever taxes are shown in the regular cost sheet, and
notation should be made when not so included), insurance,
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fees, office expense, hospital and first aid, laboratory, demurrage,
telephone and telegraph, watchmen and police, automobiles
and teams.

Relining and Depreciation.—The relining charges are fixed
at so much per ton and should be shown separately from deprecia-
tion charges, which may be either so much per ton regardless
of tonnage, or so much per month and varying directly with the
tonnage. Kven if depreciation charges are not usually included

PIG IRON
COST DATA SHEET NoO. 1
The Company
Division
Data for the month of _____ 193___

No. 1 No. 2 |

furnace | furnace

Total tons pig iron made

Number of days 1n operation

Average production per 24 hr

Total tonnage made on lining .

Date furnace blown in ce

Cubic feet air blown per minute. ....
Theoretical yield (at 94 per cent Fe)

Cubic feet of air at 60°F per pound coke
Actual yield . e
Average percentage Fe i mixture ...

Loss in yield

Average silica in mixture

Average fixed carbon n coke

Average sulphur in coke

Average moisture in coke

Average CaO in lunestone

Flue dust recovered (tons)

Flue dust recovered (pounds)

Flue dust sintered (tons)

Pounds flue dust per ton pig iron

Total man-days worked . . .........
Total hours worked at hr per man-day
Total hours worked by sinter plant..........
Total hours worked by salaried employees. ...
Total hours worked on construction.........
Total hours worked unloading to stockpile.. . .
Net hours labor entering the labor cost......
Hours of labor per ton of pig iron
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PIG IRON
COST DATA SHEET NO. 2
The —__ Company
Division
Data for month of ____ 193__
Furnace
Lb Tons Total | Price Cost
per per Total | per
Charge tons per
ton ton cost ton
used | ton X
pg mg pig
Ore and metals (2,240 Ib. ton)
Coke (2,000 lb. ton)
Limestone (2,000 1b ton) |
Labor ..... . Total hours at per hour
Supplies and service Per day for tons
Overhead N Per day for tons
Depreciation B ; Rehining and renewals - per ton
Total
Production . tons
Ideal production for this month tons
Furnace
D Lb T ¢
Lb Tons Total | Price Cost
Charge per per tons per Total per
ton ton CORt ton
. used ton
pig mg mg
,,,,,,, J— ~ e SR B B
Ore‘and metals (2,240 lb. ton)
Coke (2,000 1b ton). \
Limestone (2,000 lb. ton) ! | !
Labor. .. Total hours . at per hour
Supphes and service . Per day for . tons
Overhead e e .Per day for .. tons
Depreciation o Relining and renewals per ton
Total
Production tons.

tons

Ideal production for this month

Totals for both furnaces

Tons pig Total cost

Cost per ton

furnace.. ... . .
furnace

Both furnaces ...... Cetee e

Date v 19~ Data furmished by
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PIG TRON
COST DATA SHEET NO. 3
The _______ Company
List of records to be kept and instructions as to source and by whom recorded

Recorded 1
Data Ougn on data tecorded
sheet by

Total tons pig non made Daily fur- No 1 Fuiace
nace report clerk

Number of days in operation Daily fur- No 1 Funace
nace 1eport clerk

Average production per 24 hr Daily fui- No 1 Furnace
nace report clerk

Total tonnage made on hining Daily fur- No 1 Fuinace
nace 1epott derk

Date furnace blown AP Daily fui- No 1 Furnace
nace 1eport clerk

Cubic feet ann at 60°F per pound coke Daily fur- No 1 Furnace
nace repott clerk

Theoretical yield (at 94 per cent Fe) . ... Daily fur- No 1 Fumnace
nace report clertk

Actual yield Daily fur- No 1 Furnace
nace 1eport clertk

Average per cent Fe in muxture ... . Duly fur- No 1 Fuinace
nace report clerk

Loss 1 yield Daily fur- No 1 Fuinace
nace repott clerk

Average silica i mixture Laboratory No 1 Chemist
1eports

Average fixed carbon in coke Laboiatory No 1 Chemist
1eports

Average sulphur in coke Laboratory No 1 Chemst
reports

Average moisture in coke Laboratory No. 1 Chenust
reports

Average CaO 1n himestone Laboratory No. 1 Chemist
1eports

Flue dust recovered (tons) . Yardmaster No 1 Y:ardmaster
reports

Flue dust recovered (pounds) Yardmaster No. 1 Yardmaster
reports

Flue dust sintered PPN . Yardmaster No 1 Yardmaster
reports

Pounds flue dust per ton pig 11on . Calculated No. 1 Cost clerk

Total man-days worked ... . Daily labor No 1 Time office
report

Total man-days at hr, per mun-day Duily labor No 1 Time office
report

Total hours worked by sinter plant Daily labor No. 1 Time office
report

Total hours worked by salaried employees Daily labor No 1 Time office
report

Total hours worked on construction . Daily labor No. 1 Time office
report
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COST DATA SHEET No. 3.—(Conlinued)

Recorded

Data Origin on data Rec;)rded
sheet y
Total hours worked unloading to the stockpile Daily labor No 1 Thime office
report
Net hours labor entering the labor cost . . . Daily labor No 1 Time office
1eport
Hours of labor per ton of pgiron  ......... Calculated No 1 Cost depart-
ment
Materials per ton pigiron ..........c00000., Monthly No. 2 Cost depait-
cost sheet ment
Prices per ton of matenals ...... Cheeraeas . | Monthly No 2 Cost depart-
cost sheet ment,
Total cost of labor ... ... ... coiiiiiiin . { Monthly No. 2 4 Cost depait-
cost sheet ment
Total cost of supplies and service ........ Monthly No. 2 Cost depart-
cost sheet ment
Total cost of overhead PN Monthly No 2 Cost depart-
cost sheet ment
Total cost of 1ehning and depreciation Monthly No 2 Cost depart-
cost sheet ment
Total cost of pig iron .. A Monthly No 2 Cost depurt-
cost sheet ment
Ideal production—tons pigiron . .... . Jalculated No. 2 Cost depart-
ment
Actual costs of the 7items .. ........ .. . Cost data No 5§ Cost depart-
sheet No 2 ment
Ideal costs of the 71tems ................... Calculated No 5§ Cost depait-
ment
Excess costs of the 7 1tems e .| Calculated No. 5 Cost depart-
ment
Analyses, yields, and other data . ... . . | Cost data No. § Cost depait-
' sheet No 1 ment
Excess cost due to management e Calculated No 5 Cost depart-
ment
Causes for excess cost . Study of all No & Asst  to ex-
records ecutive

in the regular cost sheet, it is almost necessary to include them
in comparing the pig-iron costs at different plants.

Collecting the Data.—In order to facilitate the work of
comparing the actual cost of pig iron with the ideal cost according
to the methods of the Columbus comparative cost system, usc
is made of Cost Data Sheet No. 1 and Cost Data Sheet No. 2,
forms of which are herewith shown. On Cost Data Sheet No. 3
is shown the source of each item and where recorded. From
all these data, the final comparative cost sheet is made up (Cost
Data Sheet No. 5). To facilitate the work of getting monthly
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averages of analyses and conditions, forms, such as are ordinarily
used for keeping furnace data, are made a part of the comparative
cost system for pig iron (see Figs. 121 and 122).

P1G IRON
COST DATA SHEET No. 4
The —___ Company
Consumption, Production, and Loss
— Furnace Month of 193__
. Tons Per cent | Total ton- #
Ore mixture used Fe (nat.) |unitsof Fe
Ore .. . oo, |
Ore !
Ore I
Ore . ..........
— Ore .... ........
Ore .. .........
Sinter . ... ...
Roll scale . e e
Open-hearth slag.... .. ......
Scrap AN
Coke

Total ton-units

Total pig at 94 per cent Fe
Actual tons pig made

Difference 1n tons to be accounted for
Otherwise accounted for:
Tons 9, Fe nat
Flue dust
Slag
Total Fe otherwise accounted for
Equivalent in pig iron at 94 per
cent
Gross tons pig iron m furnace
(proportion of next cast).
Total tons otherwise accounted

Gain
Unaccounted-for
Los:

L1 S —

An example of actual pig-iron costs showing that in one case
where pig iron was costing $20.82 per ton (in May, 1922) there
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PIG IRON
COST DATA SHEET NO. §
The —____ Company
Comparison of Ideal and Actual Costs of Pig Iron
Furnace Monthof ____ 193__
Furnace in blast
Basis for ideal cost Excess due to
management
Furnaces Ideal
m blast amounts
Tons | Lb. Units per tonlf:r Tons | Lb Amount
One | Two | this month
Ore 1 825 4088 | 210,532 Fe. Same
Coke 0 900| 1800 | 157,140 C. Same
Stone 0 425 850 | 49,000 CaO Same
Labor—Number hr per ton pig
Supplies and service per day per fuinace|
Overhead, per day per furnace
Relining . Depreciation Total

Ideal cost at this month’s prices and analysis

Actual cost this month

Ore Ore
Coke Coke
Stone Stone
Labor Labor
Supphes Supphes
Overhead Overhead
Relining and depreciation Relining and depreciation
Total Total
Due to management Cost of matenals
Cost above matenals
Kacess cost
Items Tons | Per ton | Per cent Causes
Ore
Coke
Stone
Labor
Supphes
Overhead
Total
Tonnage | Monthly| Daily Yield Analyses Labor
Ideal Theor. I1x. catb. in coke. Hr. labor per ton
Actual Actual Ca0 in lunestone. Pg—
Daff Loss. 810: in ores. Tons pig pel man-
S in coke dav.

Date

Data furnished by —_____
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was better work done than in the case at another furnace, Table
XX, where the cost was $15.57 per ton (in July, 1928).

TarLe XIX
Acruan Cost THis MoNTH

May, 1922
Ore —41681b —1 860 tons at $5 286 =% 9 836
Coke —1975 1b.—0 988 ton at 7 683 = 7 588
Stone—1051 1b.—0 525 ton at 1 117 = 0 587
Labor—2 366 hr. at 34 cents per hour = 0 805
Supplies and service = 0 378
Overhead = 0 478
Relining—25 cents—Depreeiation—90 cents = 1 150
Total = $20 822
Materials = 18 011
Cost above matenals =% 2 811
IpeEaL ar THis MoNTH’S PRICES
Orc —1 863 tons at $5 286 =$% 9 848
Coke —0 923 ton at 7 683 = 7095
Stone—0.581 ton at 1 117 = 0 649
Labor—2 62 hr. at 33 6 cents per hour = 0 880
Supplies and service—$270 per 24 hr. = 0 786
Overhead —$240 per 24 hr. = (0 698
Relining—25 cents—Depreciation—90 cents = 1 150
Total = $21 106
Materials = 17.592
Cost above materials =% 3 514
Excess Cost
Tons Per Ton Pig Causes
Ore —O0 003* $0.012 Practically 1deal
Coke —0 0645 $0 493 Ixcess coke—increased 1ron tonnage
Stone—0 05655 $0 062 Partly due to low S in coke
Labor—0 2564 hr. $0 075 Economical supervision Record tonnage
Supplies $0 408 Great cconomy—record tonnage
Overhead $0 220 Great ecconomy—record tonnage o
Total $0 284 3d consecutive month lower than ideal

+ [igures 1n 1talics are red; and this 18 once when ‘‘red figures' are desirable.

Adjustments.—After determining the working volume of a
blast furnace by calculation and after agreement on the operating
organization and their wages and salaries, on the daily budget
for supplies and service and overhead, and on the per-ton charge
for relining and depreciation, then there must be made each
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TasLe XX
Acruarn Cost THis MoNTH—PER ToN
July 1928
Ore —4196 1b.—1.873 tons at $5 077 = $ 9.509
Coke —1735 1b.—0.868 ton at $2.945 = 2.555
Stone— 734 1b.—0.367 ton at $1 490 = 0.547
Labor—1.658 hr. at 50 cents = 0.829
Supplies—$694 for 566 tons = 122
Overhead—$371 for 566 tons = 0.656
Relining—25 cents (no depreciation) = 0.250
Total = $15 571
Materials = 12.611
Cost above materials = $ 2.960

IpEaL AT THis MoNTH's PricE |
Ore —1 853 tons at $5.077 =$

9.408
Coke —0 889 ton at 2 945 = 2618
Stone—0.342 ton at 1 490 = 0510
Labor—1 16 hr. at 47 1 cents per hour = 0 546
Supplics—$336 for 579 tons = 0 580
Overhead—$286 for 579 tons = 0 495
Relining—25 cents = 0 250
Total = $14 407
Materials = 12 536
Cost above materials =§ 1.871
Excess Cost
Tons Per Ton Pig Causes
Ore —0.020 $0 101 Loss 1 yield of 0.58¢,
Coke —0 021* 0 063 Beat the ideal by 43 1b.
Stone —0.025 0 037 Rather basie slag
lL.abor  -—0 498 hr. 0 283 Too many men—Ilack of tonnage
Supplies — 0 645 Heavy repairs—excessive service
Overhead— 0 161 Too much main office expense
$1.164 Excessive cost above materials

Nore: The excessive switching charges mcluded 1 the *excessive serviee’” were even-
tually greatly reduced
* Figures in italics ate 1ed; and this1s once when “'1ed figures” ate desirable

month certain adjustments, in order to conform to the metallurgi-
cal variations in the raw materials.

The working volume of the blast furnace is mathematically
fixed by the lines of the furnace when blown in, and there are
no changes until these dimensions are altered.

The daily sums of money budgeted for labor, salaries, supplies,
service, and overhead are fixed by conference and agreement,
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and are not changed except on authority of the exceutive in
charge of operations. The charges per ton of pig iron for relining
and depreciation are also fixed by agreement and are not changed
except on the same authority.

Management Responsibility.—The responsibility for the
capacity of the blast furnace and its equipment rests with the
management; the superintendent is responsible for the main-
tenance and repairs. The responsibility for the quality and the
price of ore, coke, and limestone rests directly upon the managg-
ment; the responsibility of the superintendent is limited by
these prices and by the analyses of the raw materials.

The function of the Columbus comparative cost system
for pig iron is twofold: it guides the management in obtaining
the most economical combinations of ore, coke, and limcstone,
and it guides the superintendent in producing the greatest
possible tonnage of pig iron with the least possible cost from the
raw materials furnished by the management. The fairness of
this comparative system commends itself to both the manage-
ment and the operating superintendent.

The comparison of pig-iron costs is not made with the costs
of some other blast furnace plant, nor with previous costs at
the same furnace under different prices and analyses. But
the actual cost each month is compared with the ideal (100 per
cent) perfect cost for that particular month and under the
conditions of prices and analyses of raw materials that prevailed
during that month. Such a comparison is a measuring stick for
the ability of the management and the skill of the superintendent.

Coke Adjustment.—Pig iron is produced in an iron blast
furnace only when fuel is burned, and the rate of production
depends upon the rate of combustion of the fuel. In blast
furnaces using coke as fuel, the ideal rate of combustion is
60 1b. of coke per 24 hr. for each cubic foot of working volume.
As previously explained the ‘“‘base’ coke for the comparative
cost system contains 90 per cent fixed carbon (dried at 212°F.)
and 3 per cent moisture (commercial, railroad weights governing).
It is acknowledged that 1,800 lb. of such coke will be used in
making a ton of pig iron (2,240 Ih.) from 1.825 tons of an ore mix-
ture containing 51.50 per cent iron (natural), using 850 Ib. of
limestone flux containing 49 per cent calcium oxide; this means
157,140 units of fixed carbon (3 per cent moisture in 1,800
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Ib. “commercial” coke = 54 1lb. and 1;800 — 54 = 1,746;
1,746 X 90 = 157,140).

If the percentage of fixed carbon in the coke used in any
month is less than 90 per cent, then this lower percentage is
subtracted from 90 per cent and the diffcrence is doubled, and
this amount is subtracted from 90 per cent to find the available
carbon. It is assumed that each increase in ash requires an
equal amount of carbon to take care of this ash and the limestone
needed to flux it. The percentage of available carbon divided
ifito 157,140 units will give the ‘‘comparative value’” of that
particular coke expressed in pounds of coke required for making
1 ton of basic iron under the conditions given above for the
analysis of ore mixture (51.50 per cent iron natural).

If it should happen (and it occasionally does happen, where
clean coal is coked) that the coke contains more than 90 per cent
fixed carbon, then the difference is doubled and added to 90 per
cent to find the available carbon.

The actual coke charged into a furnace during any one month
is the total of the railroad weights of coke after allowance has
been made so that by-product coke should contain not more than
3 per cent of moisture.. There is no such adjustment for beehive
coke, but the actual railroad weights shall be used.

The ideal total coke consumed in 24 hr. is found by multiplying
the cubic feet of working volume by 60. This total coke per
24 hr. divided by the ‘“comparative value’’ of the coke for the
month, as determined above, will give the ideal tons of pig iron
per day, using the coke provided for that month but with an
ore mixture containing 51.50 per cent iron.  Adjustments for
variations in the percentage of iron in the ore mixture will be
explained later on.

The total amount of coke burned in a given furnace in 24 hr.
is a fixed quantity. The tonnage of pig iron produced in that
furnace in the same time is a variable quantity, depending on
the character and available carbon of the coke and on the richness
of the ore mixture.

Therefore, there is another adjustment to be made for the
ideal coke per ton of pig iron as follows: After the ideal daily
tonnage of pig iron has been determined according to the quality
of the coke and the richness of the ore mixture, then the ideal
total weight of coke burned in 24 hr. is to be divided by that
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month’s ideal tonnage of pig iron for 24 hr. This will give the
ideal coke per ton of pig iron for that particular month, using
coke of that particular analysis and smelting an ore mixture of
that particular iron content.

Ore Adjustment.—The ideal number tons of ore mixture
required per ton of pig iron for any particular month is found by
dividing 1.00 by the per cent theoretical yield of the ore mixture
for that month, carrying the decimal to four places (the per eent
of theoretical yield is taken from Cost Data Shect No. 1). To
check this result, the total tons of ore mixture (including all
iron-bearing materials) should be divided by the ideal total tons
of pig iron for that particular month.

The ideal price of the ore mixture for any month is the actual
average price of all the ore- and iron-bearing materials charged
into the furnace (or melted in the casting ladle) during that
month. This price is to be obtained from cost data sheet No. 2,
which is filled out each month by the accounting department.

There is an item in the consumption, production, and loss
statement (Cost Data Sheet No. 4) that does not enter into
the price of the ore mixture but does enter into the tonnage,
viz., the small percentage of iron contained in the coke.  Although
this is usually 1.00 per cent or less, the sum total in all the coke
consumed will more than offset the small percentage of iron
chemically combined in the blast furnace slag and which is
accounted for in the same Cost Data Sheet—No. 4.

Ore Allowances.—In some companies it is the rule to add a
certain small percentage to all recorded weights of ore and iron-
bearing materials charged into the blast furnace, so as to take
care of any shrinkages in handling the raw materials. This
adjustment may be 0.5 or 1 per cent of the stockhouse weights
as shown on the daily filling reports.

Whenever this rule prevails, the actual tonnages and the
adjusted tonnages should be shown on Cost Data Sheet
No. 4.

Limestone Adjustment.—The actual tons (2,000 1b.) of lime-
stone required per ton of pig iron for any particular month is
found by dividing 49 by the actual average percentage of calcium
oxide found in the limestone used, whether this limestone be
calcite or dolomite (this percentage is taken from Cost Data
Sheet No. 1), and multiplying the result by 0.425 ton (850 Ib.,
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limestone being the basis). This gives the correction for the
quality of the limestone.

The adjustment in weight of flux on account of the variation
in ash in the coke is found by multiplying the weight of limestone
adjusted for quality of the limestone by the ideal pounds of
coke per ton of pig iron and dividing by 1,800.

Whenever open-hearth slag is used in the metallic mixture
(ore mixture), adjustments must be made for the amount of
available calcium oxide in the open-hearth slag, and this is sub-
tracted from the amount determined as above.

We do not yet know enough about the behavior of sulphur
in blast furnace slags to make adjustments in the limestone
required per ton of pig iron, but we do know that, when the ore
mixture is low, the actual limestone per ton of pig iron is lower
than the “ideal” amount as calculated by the above rules.

Labor Adjustment.—The basis for the ideal comparative cost
for labor per ton of pig iron is the total number of hours shown
on the standard force sheet for the blast furnace for a 24-hr.
period and at the hourly rate found by dividing the total man-
hours for a 24-hr. period into the total wages paid for that period
as shown on the standard force sheet.

The total daily hours and the total daily amount of wages
divided by the ideal daily tons of pig iron will give the ideal
number of hours per ton pig and the ideal cost of labor per ton
of pig respectively.

The actual average hourly rate of wages for any one month
is found by dividing the total amount of money paid for wages
that month (as shown on Cost Data Sheet No. 2) by the total
“Net hours of labor entering the labor cost,” as shown on Cost
Data Sheet No. 1. The actual number of hours of labor per
ton of pig iron for any one month is found by making the several
deductions as shown on Cost Data Sheet No. 1.

In order to get a correct comparison of labor costs between
two different blast furnaces or between different monthly costs
of the same furnace, much care must be taken to include all
the hours of labor and all the hourly wages paid, whether this
labor is direct operating labor, or labor that is included in service
or in overhead. Although the regular cost sheet may include
such indirect labor under other headings, yet it is the intention
of the comparative cost system to put all labor hours and costs
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under the heading of “Labor.” Only by such methods can o
true comparison be made.

Therefore, from the total hours worked there should be
deducted the following hours:

1. Hours worked by salaried employees

2. Hours worked on construction

3. Total hours worked unloading to stockpiles, mcluding crane and ore
bridge labor, in cases where unloading charges follow the ore

4. Hours worked at sinter plant

5. Hours worked by porter

Hours of labor charged to locomotives, cranes, power plant,
pumping, or any other service account must be segregated so
as to include time and money under the single item of “‘Labor.”

Each standard daily labor report, or “force sheet” must show
the date it becomes effective and must be approved in writing
before being used in the comparative cost system.

Ideal Production of Pig Iron for Any Month.—The ideal
pig-iron production of a blast furnace for any particular month
is controlled by two variable factors, viz., the ideal pounds of
coke required per ton of pig iron for that month, and the cor-
rected theoretical yield (corrected as to allowances for shrinkage,
if any) of the ore mixture for that month. The control of these
two varying factors is largely in the hands of the management.
There are times, such as in the depression of 1930-1932, when
the selection of a low-grade ore mixture is advantageous, espe-
cially where the volume of blast furnace gas is a desirable factor
in the operation, and where there is already a surplus of pig
iron.

The ideal total amount of coke consumed in 24 hr. is a fixed
amount of ‘“‘commercial’’ coke (coke as received, adjusted to not
over 3 per cent moisture in the case of by-product coke), found
by multiplying the cubic feet of working volume of the furnace
by 60. This figure divided by the ideal number of pounds of
coke per ton of pig iron (as found according to the directions
given under coke adjustment, page 320) will give the ideal
amount of pig iron to be produced per day with the quality of
coke actually used that particular month. This daily tonnage
multiplied by the number of days in the month will give the
ideal tonnage of pig iron for the month to be shown on Cost
Data Sheets Nos. 2 and 5.
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This calculation can be reduced to a single factor that is used
to multiply the corrected theoretical yield each month. This
factor is obtained as follows:

sted th ical yiel .
Factor = S2X¢¢ ed 5:?7r8etnca yield X rated capacity

The rated capacity is the tons of pig iron the furnace will make
using coke with 90 per cent fixed carbon and ore containing 51 50
per cent iron natural.

Excess Due to Management.—If the management provides
raw materials better than the ore, coke, and limestone used as
the basis of the comparative cost system as previously described,
then the management is entitled to the credits that arise from
the use of better materials.  On the other hand, if the manage-
ment provides lower grade materials than described, then there
are debits against the management.

If the furnace plant is not running full because of lack of
orders, there will be certain increased costs which are debited
against the management. The credits and debits are balanced,
and the net result is added to or subtracted from the ideal cost
for, the month to show how much gain or loss was due to the
management.

The superintendent is responsible for what he actually receives
in the way of materials.

Presentation to the Executive.—The final analysis of the
pig-iron costs each month is made by the assistant to the execu-
tive in charge of operations and is condensed on Cost Data
Sheet No. 5. This single page contains a concise statement of
the actual pig-iron costs compared with the ideal cost for that
month and shows the reasons for excess costs or for costs less
than the ideal.

This Cost Data Sheet No. 5 is submitted to the executive in
charge of operations accompanied by a onec-page letter com-
menting briefly on each of the six items of cost controlled by the
superintendent. (Relining and depreciation costs are fixed
by the management.) A copy of this letter and copies of Cost
Data Sheets Nos. 1, 2, 4, and 5, are sent to all the superintendents
and other persons entitled to receive the original pig-iron cost
sheets. Where there are several blast furnace plants in the same
company, these comparative cost reports can be exchanged.
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It is expedient that someone outside the operating or account-
ing departments should make the final analysis of the costs and
give the reasons for any cxcess. Obviously, such a man must
be familiar with blast furnace operations and know considerable
about pig-iron cost accounting. Such a man must be.able to
point out the causcs of excellence and of waste in the blast
furnace practice and be able to point out where further eco-
nomies can be made by changes in materials or in practice.

In making such a searching analysis, it is possible to detect
crrors in accounting that creep in occasionally even in the best
accounting departments. For instance, an excess cost for
supplies at a blast furnace was found to be in crror because a
storekeeper and a clerk got mixed up and charged “five barrels
of grease” to the blast furnace instead of charging ‘“five barrcls
of black paint” to one of the coal mines of the same company.
Departmental overcharges can often be detected by the superin-
tendent on studying the cost data sheets.

The mere setting up of the basis for ideal costs calls immediate
attention to any defects in construction, practice, or accounting.
The continued use of the comparative cost system for pig iron
improves the blast furnace practice and reduces the costs.

ASSEMBLING COSTS OF PIG IRON

The reader of the preceding sections has seen how variable
are the quantities of materials required to produce a ton of pig
iron in different parts of the country and how they vary chiefly
according to the variations in the quality of the materials used.
Low cost per ton of materials delivered to the blast furnace does
not always mean low cost per ton of pig iron. Low-grade iron
ores, even though cheap in price, require not only 214 to 3 or
more tons of ore per ton of pig iron (instcad of about one and a
half tons of a rich ore), but they require large increases in flux
and a pyramiding increase in fuel, all resulting in higher costs per
ton of pig iron.

The cost of transporting the raw materials and supplies for the
making of a ton of pig iron is called the ‘“assembling cost.”
There are no consistent per-ton-mile freight rates on the raw
materials for pig iron; freight rate structures are more complicated
than the carbon reactions in the top of the furnace, but in each
case one thing is certain—what finally comes off the top of the
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furnace is the answer there; and what you have to pay is the
freight rate. .

Very few places in all the world arc as fortunately located for
low assembling costs for pig iron as is the Birmingham District
of Alabama. Coking coals, iron ores, and fluxes (and in some
cases they do not necd any flux) are all within short switching
distances of the furnaces. But even in Birmingham, it costs
more and more to move materials from where they are to where
they are to be used; and the freight on pig iron to a large part of
the market is higher than in most other places.

In the making of pig iron, as a rule, the iron ores move toward
the fuels; that is why Pittsburgh and Ohio, without any present
minable iron ores, have maintained their prestige as iron and
steel centers. The foundation of Pittsburgh’s steel industry
is the Pittsburgh seam of coking coal; Ohio is the meeting place
of the coals from Kentucky, West Virginia, and Pittsburgh
and the iron ores from the Lake Superior region.

It is apparent also, that the frequent changes in freight rates
which are due to increasing labor costs and other causes, may
affect the various iron-making sections differently. Water
transportation is on the increase in the iron and steel industry.
Recently the railroads have been granted another increase in
freight rates. Under such conditions, a thorough study and
comparison of assembling costs at some certain period can be
used to show the freight advantages and disadvantages of
different sections of the country, as in the following:

FrercaT CHARGES AND DELIVERED CosTs!

Freight costs involved in assembling raw materials and in trans-
porting the product together constitute the largest single element in
the total cost of iron in pigs delivered to the consumer. Such freight
factor amounts to about 50 per cent of the price of domestic iron in
pigs at New York and other Atlantic ports, and about 25 per cent of the
price of imported iron in pigs delivered at the same markets. Freight
is the controlling factor in the location of blast furnace plants, the
appraisal of competitive power in different markets, and even in the
location of some iron-consuming industries.

Freight costs are treated herein under two categories: (1) Cost of
assembling raw materials at the blast furnace plants, and (2) Cost of
shipping iron in pigs to the consumer.

1¢Iron in Pigs,” Report of U. S. Tartff Commission, 1927, pp. 20-21.
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Table XXIshows, for certain domestic and foreign-producing localities,
estimated average freight costs of assembling raw materials and shipping
iron in pigs to New York during the period 1924-1926. Data respecting
European and Indian freight rates are too fragmentary to permit of
more than an approximation within a range wide enough to allow for
variations in exchange and in freight rates.

TaBLE XXI.*—P1G IRON—ESTIMATED FREIGHT COST OF ASSEMBLING RAw
MATERIALS AND DELIVERING DomEesTtic AND FOREIGN IRON IN Pigs
170 NEW YORK, PER L.oNG ToN 1924-1926

Freight charges

Total

Point of manufacture o ) | Total raw Il‘fon to
re | Fuel | Flux . in
materials | . New
P | york
Domestic Plants
Western distriet: Mahoning and ‘.
Shenango Valleys.. . . $5.00/$2.50/%0 55 $8 05/%6 03[$14 08
Eastern district: Eastern Penn-
sylvania .... . 5.70| 4.10[ 55 10.35| 2 61| 12 96
Buffalo district 3 40| 2 80| 25 6 45 4 91| 11.36
Virginia district: Roanoke, Va.,
and vicinity. .o 5 00 2.50 i5 7 65 5 54| 13 19
Alabama district 1 25| 1.10 30 2 65 9.24 11.89

Foreign Plants

British India . 3 75 6 65 10 40
Middlesborough, England:

Using British ore . '1 2 50/ 3 50| 6.00

Using mmported ore. . 4.00, 3 50| 7 50
Ruhr, Germany . } 2 50-3 50| 3 75 6 75
Longwy, France | 2 00-3.00| 3 75| 6.2)
Luxemburg ] 2 50-3 50| 3 75| 6 75
Liége, Belgium .. | 2 50-3 50| 3 75 6 75

*This 1s Table 19 in the report.

Raw Material Assembling Cost.—About 80 per cent of the consump-
tion of domestic ore is mined in Minnesota and Michigan and is shipped
500 miles or more ¢o blast furnaces, most of which are in the Western
and Buffalo districts. Most of the remaining 20 per cent of the domestic
ore is consumed by plants located near the mines, as in Alabama where
25 miles is considered a long haul for ore.

The total cost of assembling raw materials is probably as low in
Alabama as in any producing district, domestic or foreign.
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Plants in the Eastern and Virginia districts use a portion of local
ore, the remainder being transported from Michigan or Minnesota,
or from Sweden, Spain, Chile, Cuba, or other foreign countries. Some
plants use imported ore exclusively while others depend principally
upon domestic ores.

The average costs of assembling are umformly lower for fuel than
for ore, since the consumption of fuel per ton of pig iron produced is
less and the plants tend, for other reasons than cost of assembling, to
locate in the vicinity of the coal fields rather than at the ore mines.

Suitable fluxing material (limestone or dolomite) is usually obtain-
able in the vicinity of the blast furnace plants and may be transported
to the furnace at a relatively low cost per ton of pig iron.

Foreign producers have short hauls by rail or canal or the advantage
of low ocean freights on both raw materials and iron in pigs.

Delivered Costs.—As the cost of transportation constitutes a large
proportion of the total laid-down cost of iron in pigs, domestic iron is
marketed within relatively short distances of the points of production.
On the Atlantic seaboard the imported iron competes with the iron pro-
duced in the Eastern, Buffalo, and Virginia districts. The furnaces of
this region, principally the merchant furnaces, which manufacture for
the open market, therefore bear the brunt of competition from abroad.
The Alabama furnaces formerly sold appreciable quantities along the
Atlantic seaboard, but high transportation costs even by the all-water
route, have resulted in the loss of a large part of this trade. Virginia
and Tennessee are also handicapped in reaching important consuming
markets by reason of the longer haul. The local markets being insuffi-
cient to absorb their full production, most of the furnaces of this region
have been idle since 1923.

By 1937 every iron blast furnace in the state of Virginia had
been dismantled and scrapped; the only furnace left in operation
was the ferromanganese furnace at Reusens, Virginia.

Freight Rates on Lake Superior Iron Ores.—Because of the
method used for the evaluation and pricing of Lake Superior
iron ores, 7.e., using a base price for ore containing 51.50 per cent
Fe f.0.b. Lake Erie ports, much of the assembling cost for such
ores is not apparent without further analysis. The freight, for
instance, on Lake ores delivered to blast furnaces in the Ohio
Valley is divided as shown in the table at the top of page 329.

These rates include dumping charge at upper lake docks; all
rates are on gross ton of ore (2,240 1b.). These rates became
effective Mar. 28, 1938, but there were three periods of ‘“emer-
gency charges” (1932-1933; 1935-1936; and 1936) when a flat
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UPpPER RaiL FREIGHT ON IRON ORm!

Source Destination Cost,

Mines in castern Marquette Range Shipping port Marquette $0 71
Mines in western Marquette Range Shipping port Marquette 0 77

Mmes in Menominee and Mar-

quette Ranges Shipping port Escanaba, 0 89
Mines in Gogebic Range Shipping port Ashland 0 89

Mines in Mesaba Range

Mines mn Mesaba and Vermilion

Ranges. ... . .| Shipping port Two Harbors 0
Mines in Cuyuna Range .| Shipping port Superior 0

Shipping port Duluth-Superior | 0 92

1 Data fiom the 1938 ore book of The M A Hanna Company, Agent, Cleveland, Ohio

charge of 6.72 to 11.2 cents per gross ton was added to the then
existing, rates which were effective from 1924 to 1937.
Iron ore loaded at the head of the lakes as above, is carried in

the lake ore boats (10,000- to 14,000-ton cargoes) at the following
rates:

CoNTrACT LLAKE IRON ORE RATES, YEAR 1938!

Unloading

Escanaba to | Escanaba to Marquette Head of Lake charge
Chicago Lake Erie - L Superior meluded i
vessel freight

$0 61 $0.73 $0.85 $0 93 $0 13

1 Data from the 1938 ore book of The M A Hanna Company, Agent, Cleveland. Ohio

This water-transportation freight rate carries the ore to “the
rail of vessel.” From the rail of vessel to railroad cars, or to dock
stockpile, the rail freight rates have been effective in the past
fifteen years, as shown on page 330 except for some minor changes
in rates and effective dates to destinations taking small tonnages.

In the case of a ton of Mesaba iron ore to the Pittsburgh
district there would be the following charges;

-

Rate
Upper rail—Mesaba to Duluth .o $0 92
Lake haul, Duluth to Lake Erie ports . . 0 93
Handling charge—Lake Frie ports . 0 09
Line haul to Pittsburgh District . . .. 121
Spotting charge at destination . . 0 03

Total freight charges . .......... . ..... ... $3 18
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RaiL FreigHT RAaTES ON IRON ORE!

1937 | 1938
Direct Ore—Rauil of vessel to car, handling charge $0 08 %0 09"
(Add to above) Line haul
To Mahoning and Shenango Valleys 0 82 0 88
To New Castle....... 088 | 0 94r
To Midland, Steubenvnlle, Welrton and Nevnlle Island 0.99 | 1 050
To Pittsburgh and Wheelmg Districts 115 1.21¢
To Monessen . 1 22 1 28¢
To Johnstown sttrlct 1 30 1 367
To Jackson and Hamilton Dlstl‘lclb (Toledo) 090 | 0 96v
To Jackson District (Cleveland) . . 1.12 1 187
To Tronton (Cleveland and Toledo) zmd Hmmlton Dis-
tricts (Cleveland) . 125 1 31¢

To Virginia District . . 207 | 213
To Lehigh and Schuylkill Valleys, Rl(ldlwhurg, (Buffalo

and Erie) .. 1 94 2 00¢
To Riddleshurg (Ashtahula Harbor Connoaut and Erie)*| 1 73*% | 1 790
To Sparrows Point (Buffalo and Eric) 1 94 2 007
To Troy (Buffalo) 1 31 1 37
To Granite City (Chicago). 120 1 269
Dock Ore—1In addition to line haul——le of vessel to dock

stockpile . ..... 020 |0 22
Dock stockpile to car.. . . 013 | 0 14"
Storage charge per ton per month . 001 0 01

In addition to the above 1ates there 1s a service chatge at destination for spotting curs
In some cases 3 cents per ton

g = effective Nov. 15, 1937

h = effective Mar 28, 1038

* Effective June 21, 1929 (from Ashtabula Haibor and Erte to Riddlesbuig)

1 Data adapted from the 1938 ore book of The M A. Hanna Company, Agent, Cleveland,
Ohio.

The average iron contents of all the Mesaba iron ores shipped
in 1937 was 51.53 per cent, so that the total freight rate on such
ore, $3.18 per ton, was equivalent to 6.17 cents per unit of iron
($3.18/51.53 = 6.17 cents). It would take 1.824 tons of such
an ore to make a ton of pig iron. Therefore, the freight on orc
per ton of pig iron would be $5.80. '

Freight on Fuel and Flux.—The freight on blast furnace
fuel is practically the total freight on the coking coal necessary
to make a ton of blast furnace coke. Roughly, it takes 1.45 tons
of coal to make a ton of blast furnace coke. Many coke-oven
plants arc located so as to receive coking coal in river barges,
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thus reducing the assembling cost for fuel. Limestone also is
often shipped by water, as in the case of the big limestone
quarries of Michigan and northern Ohio.

EFFECTS OF IMPORTED PIG IRON

Obviously, the only pig iron that can practically be imported
into this country is “iron in pigs,” which limits foreign pig iron
almost exclusively to foundry iron with possibly some special
cases of steel-making irons. It would be possible, however, for
the Algoma Steel Corporation at Sault Ste. Maric, Ontario, to
ship hot metal across the International Bridge at the Falls of the
Saint Mary River into Michigan if therc were a steel plant
there, but it is a most improbable occurrence; therefore, this
study of the effects of imported pig iron will be confined to ““iron
in pigs.”

The manufacture of pig iron in the United States began along
the Atlantic coast. The influences of blast furnace fuels (which
for 200 years was cxclusively charcoal), and the location of
adequate supplies of iron ore, gradually forced the blast furnaces
westward and away from the seacoast. For half a century a
flourishing iron industry was built up in the valleys contiguous
to the anthracite coal ficlds of Pennsylvania, but only in a few
cases was the momentum great enough for such iron and steel
centers to survive the cost-reducing competition of the Lake
Superior iron ores and of low-cost coke.

Many of the large foundrics built along the Atlantic seaboard
were once able to receive their pig iron from furnaces that could
ship by canalboat. These same foundries can now receive iron
from abroad by vessel, and do often take advantage of lower costs
of foreign pig iron.

One of the effects of imported pig iron was the hastening of
the scrapping of small single blast furnaces and, in some cases,
groups of several merchant blast furnaces in the states bordering
on the Atlantic coast, especially in Pennsylvania and New Jersey.
There were other causes, such as obsolescence and high assembling
costs, but in several specific cases the importation of foreign pig
iron was the final burden that put merchant blast furnaces out of
business.

In & previous section it was shown that the freight costs of
assembling raw materials and of delivering pig iron to New York
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City and other Atlantic ports amounts to about 50 per cent of
the total cost of iron in pigs delivered to the consumer, whereas
the total freight on foreign pig iron delivered to the same ports
amounts to only about 25 per cent of the total cost. This fact
is one reason why foreign pig iron does not, up to the present
time, go very far beyond the immediate vicinity of the Atlantic
seaports. On the other hand, however, there is an indirect effect
of imported pig iron on the inland merchant blast furnaces,
especially those in the Ohio Valley, and that is that the Buffalo
blast furnaces have lost some of their New England and Atlantic
seaboard trade to foreign pig iron and are forced to compete
for the foundry business of the Middle West.

Nearly all imports are consumed within 200 miles of the port of
importation. The districts chiefly affected are the Fastern, Buffalo
and Virginia districts. During the period 1920-1925 the proportion
of total imports to total production in these districts has probably been
about 5 per cent. If, however, we compare imports through the North
Atlantic coast ports with the production of iron in pigs made for sale
in the districts affected (assumed to be 26 per cent of total production)
the proportion of such imports is about 15 per cent.!

TaABLE XXII.*—IroN IN P1as—UNITED STATES IMPORTS IN LONG ToNs -
1922 1o 1926

Year Quantity Value Value per ton
1922 383,445 $8,670,860 $22 61
19232 367,820 9,005,844 24 48

' 192432 209,092 3,740,994 17 89
19252 441,425 7,951,283 18 01
19263 413,430 7,203,148 17 42

* Table 6 in report

! General imports

2 Imports for consumption.

3 Imports for consumption, 10 months, January to October.

It may seem strange to inject these data of ten to fifteen years
ago, but the predictions made at the many tariff hearings in
Washington have been fulfilled. Although the importation of
foreign pig iron was not the controlling factor in the demige of
many merchant blast furnaces it might be that ““The last straw
breaks the camel’s back.”

1 %Tron in Pigs,” Report of the U. S. Tariff Commission, 1927, pp. 7-8.
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<

TasLe XXIII.*—IRoN IN Pras—UnNrTED STATES IMPORTS BY COUNTRIES IN
Lonc Toxns, 1922 o 1926

1922t 19232 19242
Country Per Per Per
Quan- | cent Quan- | eent , Quan- | cent .
tity of Value tity of Value ity of Value

total total total
Belgium 64,449 16 8($1,252,180| 14,980( 4 1] $332,345] 3,019] 14 $62,072
France 41,704| 10 9 851,377| 57,722| 15 7} 1,233,672| 22,196 10 6] 396,270
Germany 4,085 11 85,507| 20,740] 5 6| 473,899| 11.228| 5 4| 213,129
Netherlands 2,537 7 46,099 . 23,857| 11 4] 459,528
Great Britain 251,783 65 6| 5,951,538(198,138] 53 9| 5,146,890| 57,180 27 4| 1,249,325
British Tndia 17,988 4 9|  374,336] 71,370| 34 1| 924,23
All other 18,887) 4 9|  484,069) 58,252 15 8) 1,444,702} 20,234 9 7| 435,536
Total 383,445{100 0| 8,670,860/367,820{100 0 9,C05,844|209,092/100 0| 3,740,994

1925+ 19262
Country o T

Per cent Per cent .
Quantity of total Value Quantity of total Value

Belgium 11,008 25 £198,237 6,138 15 $100,233
France 9,814 22 181,451 27,333 6 6 434,926
Germany 75,052 170 1,302,682 | 137,475 333 | 2,276,845
Netherlands 54,904 12 4 1,033,680 | 62,100 150 1,106,320
Great Britain 96,869 219 1,926,275 | 92,039 223 1,684,906
British India 184,325 41 8 | 3,020,816 | 81,229 19 6 1,428,584
All other 9,393 22 228,136 7,116 17 171,334
Total 441,425 100 0 | 7,951,283 | 413,430 100 0 | 7,203,148

*Table 7 n report

! General imports

2 Imports for consumption

* Ten months, January to October.

The following quotation from the Eeport is of further interest:

‘rades of Imported Iron.—lmports consist largely of the various
grades of foundry and malleable iron. Great Britain produces foundry
irons of a wide variety of chemical analyses and nearly all the imported
high-grade steel-making iron. Much of the latter is low-phosphorus
iron, which commands a gelatively high price, as is shown by the high
invoice value of British imports ($21.90 in 1924 compared with $20.80
for Belgium, the next highest, and $13 for British India, the lowest).
Tmports from British India are principally foundry iron containing &
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high percentage of manganese. Imported iron in pigs made from
Lorraine ores often contains a high percentage of phosphorus, and is
often lower priced than other iron.

Princtpal Competing Countries.—The percentage of the total imports
of iron in pigs into the United States which was supplied by the principal
competing countries is shown in Table XXIV:

TaBLe XXIV.*—IroN IN Pigs—PERCENTAGE oF ToraL UNITED STATES
IMmporTs SuppLIED BY PrRINcIPAL CoMmPETING COUNTRIES, 1922 TO 1926

Per cent of total

Country
1922 1923 1924 1925 1926
British India.................. R 4.9 341 42.7 19 6
Great Britain................. 65.6 | 53.9| 27.4| 220 22.3
Germany. . .........c00..... 11 5.6 5.4 17 0 33 3
Allothers........ ...... ... .| 333 35 6 33 1 18 3 24 8
Total .... ............. 100.0 | 100 0 | 100.0 | 100.0 | 100.0

* Table 8 in report.
1 Ten months, January to October.

Foreign producers have, with respect to transportation costs, an
even greater advantage along the Pacific and Gulf coasts than along the
Atlantic seaboard. Iron in pigs is desirable as ballasting cargo, and
water rates on foreign iron are so low as to make possible economical
transportation to the United States from many foreign countries. The
rail rates for iron from the inland furnaces of the United States to domes-
tic consumers often considerably exceed the ocean freight rates from
foreign countries to our Atlantic seaboard. Iron in pigs can be shipped
for about $3 per ton from Europe to the Atlantic seaboard and for about
$4 per ton to the Pacific coast. The ocean rates from Calcutta, the
principal port from which British Indian iron is shipped, is about $5 per
ton to Atlantic ports. The domestic coastwise rate from Atlantic to
Pacific ports is $6.72 per ton. The combination overland rate is
$14 to $23 per ton, which prevents economical overland shipments.
The facts presented in preceding sections of this report show that
imported iron in pigs is competitive with iron in pigs manufactured in the
United States and that it is comparable in quality.

The amounts by which domestic costs exceed foreign delivered costs,
as shown by the several computations, are, tespectively, $7.77, $7.07
and $7.16.%

1 Ibid., pp. 21-22.
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These are for prices delivered in New York City as shown in
the following table.?

TaBLE XXV.*—IroN IN Pigs—CoMpraRisoN oF CosTs oF PRODUCTION OF
FounDpry AND MALLEABLE IRON IN THE UNITED STATES AND IN
BriTisH Inpia Prus Costs oF MoviNa THE SAME To NEW YORK,
PER Long Ton, 1924

Foreign
Domestic iron in pigs | ron in
pigs

Eastern| Buffalo| Aver- | British
district | district| age India

Ttem

1. Domestic cost and foreign costs, f.o.b.

plant e e .o L $25 17) $22 17| '$23 41) $13 36
2. Transportation and other charges? to

New York .. . 2 61 4911 376 665
3 Total costs delivered to New York 27 78 27 08 27 17] 20 0l
4 Amount by which domestic delivered

cost exceeds foreign delivered cost. 777 7 07 7 16}.

#Table 21 in report

1 Weighted on the basis of the approaimate tonnage produced in the 1espective distriets

: Transpottation mecludes all freight from pomt of mauntacture to New York  Other
charges include consular fee, biokerage fee, transshipment, and insurance

3 Average of rates from Swedeland, Robesonia, and Reading
4 Not weighted.

In January, 1929, there was another hearing before the U. 8.
Tariff Commission in Washington, and the representatives of
73 different companies, owniug 119 merchant blast furnaces
with an annual capacity of 11,311,800 tons of iron in pigs, asked
for a tariff of $3 per ton on pig iron. By the middle of 1937
there were only 46 of these blast furnaces left standing and threc
of these had become steel-plant furnaces; the other 73 had been
completely dismantled and scrapped. The number of operating
companies had dropped from 73 to 43, with a total annual
capacity of about 6,500,000 tons of iron in pigs.

CHANGING DEMANDS FOR STEEL MAKING PIG IRONS

Most of the pig iron made in this country goes directly to the
steel plants, consequently the kind of iron made must meet the
demands of the steel makers. The steel makers, in turn, make

1 Ibed., p. 27
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their demands to suit the kind of pig iron that can be made
from the iron ores available. Bessemer pig iron, with onc
notable exception in the Birmingham district, must be made
from Bessemer iron orcs; in this country, with the acid Bessemer
process, the pig iron must not contain more than 0.10 per cent
phosphorus; in Europe with the basic Bessemer process the pig
iron must be high in phosphorus.

In Alabama, the iron ores are high in phosphorus and the
steel makers can make excellent steel with the high phosphorus
pig iron. With great quantitics of lake ores to work with,
the steel makers in the Northern states can make Bessemer
steel or basic steel from pig iron with moderate amounts of
phosphorus; they would like to have the phosphorus as near
to ‘“off Bessemer” grade as possible and not excceding 0.200
per cent.  To be sure they could make good steel with higher
phosphorus pig iron if they had to.

When it was found that manganese was a great help in the
basic open-hearth process, there was a demand for basic pig
iron with more manganese. Some open-hearth men would like
to have the manganese between 1.50 and 2.00 per cent and
phosphorus not over 0.200 per cent.

The question of the amount of sulphur permissible in stcel-
making pig irons is not yet finally answered; sometimes sulphur
is desirable for certain steels, but open-hearth men now are
asking for sulphur not over 0.025 per cent, and in one conference
of open-hearth men and blast furnacemen it was said that, if
the open-hearth men could get iron with only 0.020 per cent
sulphur they felt that the savings at the steel plant would more
than offset the extra cost at the blast furnace. This is another
unanswered question of the iron and steel industry.

ACTUAL COSTS OF PRODUCING PIG IRON

To compare costs of pig iron at different plants is difficult,
as has been explained in a previous section. The costs at
different periods for the same furnace will vary; the year of
1926, however, has been taken as a ‘““normal year” for many
comparisons of costs and prices. Table XXVI shows the actual
operating costs for making pig iron in the year of 1926 at a
merchant plant in the North using lake ores and at one in Ala-
bama using red ores and brown orcs.
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TaBLE XXVI.—AcTtuaL Costs oF MAKING Pig IrON ¥ 1926

Items North South
Total tons pig iron made e 132,637, 79,441
Pounds of ore mixture per ton of pig ...... 4,061 5,855
Tons of ore mixture per ton of pig . ...... 1 813 2.613
Price per ton of ore mixture . . .. ... .|$ 5.651|% 2 518
Cost, per ton of pig iron for ore mixture . . $10 244|$ 6.580
Pounds of coke per ton of pig iron .. .. . 1682 3184
Price per ton of coke (2,000 1b.) $ 5 396| $2 768
Cost per ton of pig 1ron for coke ........... $ 4 538|% 4.407

Pounds of limestone per ton pig. ........... 618 485 (dolomite)

Price per ton of limestone. .. ......... . 1% 1.796(% 0 772
Cost per ton of pig for limestone. .......... $ 0 555% 0 167
Cost of labor perton of pig. ................. $ 1 420{% 1 416
Cost of supplies and service ................ $ 0 406(% 0 794
Cost of overhead perton pig. . ............... $ 0 448|% 0 322
Depreciation.. ... G e $ 0 3501% 0 280
Relining and rencwals R e e $ 0 250(% 0 500
Total cost per ton of pig iron . ........ $18.211/$14.464
Cost of materials per ton of pig iron .. $15.337/$11 154
Cost above cost of matenals L. . |$ 2 874% 3 310

DISMANTLING OF BLAST FURNACE PLANTS

The dismantling of blast furnaces was so extensive throughout
the recent depression that some alarm was felt as to the drastic
reduction in the number of plants and the possibility that pig-
iron capacity was being cut too much. It is appropriate to
quote here the following material which the author originally
wrote for Mining and Metallurgy:*

Roy P. Hudson’s apprehensive letter calls attention to the apparent
alarming rate of dismantling of blast furnaces in this country, especially
of merchant furnaces. The actual decrease in the number of individual
blast-furnace stacks has been not only ‘‘approaching serious propor-
tions,” as Mr. Hudson says, but has really passed that point, as is shown
by the shrinkage in this twentieth century alone from the peak number
(for this century) of 474 active furnaces in 1910 down to 279 furnaces
on Jan. 1, 1933. That looks on the face of the figures of individual
furnaces like a serious decline in potential pig-iron production, but it
is not, as the statistics will show.

* Mining and Metallurgy, June, 1934. In reply to a letter by Roy P
Hudson, member A.I.M.E.
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This continual dismantling of blast furnages, merchant stacks, and
steel-plant stacks alike, has been going on in this country for nearly
300 years. An interesting account of the early start of this wiping out
of iron works is found in the Tenth Census Reports of 1880. . . .
According to the late James M. Swank, Secretary of the American Iron
& Steel Association and Special Agent for the Tenth Census, the first
successful iron works established in the Colonies was on the Saugus River
near Lynn, Mass., soon after its settlement in 1629. It was owned by
“The Company of Undertakers for the Iron Works.” Whether that
funereal name of the corporation was significant or not, the records
show that they “finally ceased operations about 1681.”

Since that time the whole charcoal iron and anthracite iron industry of
New England has been wiped out; for the first 100 years Massachusetts
Colony was the biggest producer of pig iron in the New World and every
colony made charcoal pig iron and had its iron works. The 168 charcoal
blast furnaces and the 200 anthracite blast furnaces on the active list in
1887 are entirely dismantled; the raw coal furnaces of the Hocking
Valley and other sections of the country are gone. Only one charcoal
blast furnace in Tennessee and four in Michigan remain on the active
list. ILven they are no longer recognized as full-fledged members of the
steel industry but have been turned over to the mercies of the Hardwood
Distillation Industry, Approved Code No. 110.

In the Annual Statistical Reports of the American Iron & Steel
Institute are the figures of capacities and productions of the blast fur-
naces of this country. The wide difference between the theoretical
capacity of the 459 blast furnaces in 1918 (49,269,565 tons) and the
actual production of 39,054,644 tons, which was not enough as Mr.
Hudson truly says, was due to two factors which have since been cor-
rected. In the first place there was no adequate rule for rating the
capacities of blast furnaces previous to the rule announced by the
Southern Ohio Pig Iron & Coke Association in 1920. The capacity of
some of the merchant furnaces in those days was based on statements
that sounded pretty well, but would be contrary to the Securities Act
of 1933. There were 371 blast furnaces in operation in 1920 and their
rated capacity was 42,000,000 tons.

The chief cause of failure, however, was the poor quality of coal that
went into the coke ovens. This failure was the reason for the hearing
before the Director of Steel at Washington in September, 1918, when
the “wastefulness of high ash” in coking coals was so clearly demon-
strated (see ‘“‘Clean Coal,” chapter II, Penton Publishing Co., 1927).
Coke with 17 per cent ash, and sulfur up to 1.60 to 1.90 per cent, was
the reason for the decrease of 27 per cent in production in one case
reported at that meeting. This failure to produce enough pig iron in
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1918 was not due to lack of enough blast-furnace stacks—it was because
we did not use clean coal for our coke.

In the Annual Statistical Report of The Iron & Steel Institute for
1926 is shown the “ The Practical Pig-Iron Capacity of Completed Blast

Furnaces, December 31, 1925-1926,” as shown in the accompanying
table.

BrasT-FURNACE CaPAcCITY

Date Total Annual Practical Actual
furnaces  |capacity, tons|capacity, tons| product, tons
Dec. 31, 1925 395 50,424,190 | 45,000,000 | 36,700,566
Dec. 31, 1926 379 51,681,000 | 45,500,000 | 39,372,729

The dismantling of about 100 stacks (or the removal from the active
list) has not greatly reduced the * practical capacity’ since 1926.

The peak production of pig iron in this country was reached in 1929,
when 42,613,918 tons was made, but only about 80 per cent of capacity
(pig iron and ferro-alloys) was utilized. Since then constant improve-
ment has taken place in the quality of blast-furnace coke and in the
cnrichment of ore-burdens, which increases potential capacity without
physical enlargement.

In spite of a total of 582 completed stacks in 1887, the rated annual
capacity was only 10,990,993 tons of pig iron. At the end of 1932 the
number of active stacks had been reduced to 279 (including nineteen
blast furnaces making ferro-alloys) but the rated capacity (not counting
eighteen coke furnaces that had been a long time idle) was 50,455,975
tons. It is evident therefore, that sufficient blast-furnace capacity
exists in the country to take care of even extraordinary demands for
pigiron. Today there is an idle merchant iron capacity of 750,000 tons
in only six blast furnaces in the eastern territory, not counting the idle
steel-plant merchant-iron furnaces, nor some other stacks that have
been a long time idle.

It would be hard to predict the future demand for merchant pig iron.
Metallurgically speaking, there is a tendency toward iron of better
quality, and the research work of the gray-iron foundrymen is now
showing what remarkable results can be obtained with the right kind
of pig iron mixed with alloys and properly handled in the cupola.
Humanly speaking, the ‘“social trend” may possibly put the iron
business back again into the hands of the ironmasters themselves.
Prophetically speaking, some of my friends have said that the iron-
blast-furnace process is doomed, like the copper blast furnace, and that
new processes will furnish us iron more directly, as has been heard ever
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since Dr. Heroult came to the Canadian Soo about thirty years ago and
set up his electric furnace for making pig iron.

Progress and her twin sister, Obsolescence, have brought about many
changes in the manufacture of iron and steel. Plants and processes
must change, and sometimes be completely abandoned; deposits of iron
ore and coal cannot change their location, but their values may be
greatly changed by time and by the means of transportation. An
editorial on the ‘' Time Value of Minerals’’ in the October, 1931, Mining
and Metallurgy brings out this fact very clearly. As recently as 1890
the maximum tonnage of charcoal pig iron was reached in the United
States; that was also the year of maximum production of anthracite
pig iron. It is possible that changes in the time value and changes in
the political economy of our national life may again make it profitable
to use these two fuels in blast furnaces; metallurgically, they both make
better pig iron than does coke. Reforestation and increased forest
reserves for flood protection may help to revive the charcoal iron industry
in sections where such forest reserves are near suitable iron-ore deposits.

Charcoal, anthracite, and lignite have virtues as blast-furnace fuels
not possessed by coke. Klectricity, if cheap enough, may yet play an
important part in making pig iron. Any extended use of these fuels
might call for a different type of iron furnace. Meanwhile it is.evident
that we have sufficient blast-furnace capacity to take care of all the
demands for merchant pig iron and steel-making iron that may develop
in the United States in the near future.

The total number of blast furnaces built in the United States
in the past three centuries up to the end of 1937 is as follows:!

Char- Ant‘hrm Raw Coke | Total
coal cite coal
Total furnace built. . . 993 275 70 531 | 1,869
Total furnace dismantled 988 275 70 | 294 | 1,627
Active furnaces Dec. 31, 1937 5 0 0 237 242

!In the author’s artigle, ‘“Blast Furnace Fuels: Their Regional Influ-
cnces,” published in The Iron Age, Nov. 29, 1934, are charts showing the
number of blast furnaces erccted each year, according to the fuel used,
in this country. Since that article was published, the author has learned
from his friend Charles Rufus Harte that a total of 28 charcoal blast fur-
naces had been built in Connecticut instead of the 17 the author originally
reported; my error has been corrected in the table above, with thanks to
Mr. Harte, who, with Herbert C. Keith, presented a paper on ‘“The Early
Iron Industry of Connecticut,” before The Connecticut Society of Civil
Engineers, Feb. 20, 1935, which gives much data on the charcoal and
anthracite furnaces of western Connecticut and southwestern Massachusetts.
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Pig-iron and blast furnace statistics were not so accurately
kept during the seventeenth and eighteenth centuries as they
were in the last half of the nineteenth century and in the twentieth
century. It took men like John Peter Lesley, Sceretary of the
American Iron Association, James M. Swank, who succeeded
him and was Secretary of the American Iron and Steel Association
(the forerunner of the present American Iron and Stecl Institute)
—it took men like these to gather and prepare the data. The
student of history, and especially of the history of the iron and
steel industry, will find the reports of these two devoted and
able men of great interest and help.

The present capacity of the blast furnaces of the United
States is as follows:

Type Tons per Year
Coke blast furnaces ..................... . 48,587,937
Coke ferroalloy furnaces . e . 924,800
Charcoal blast furnaces ... ............. 92,000
Total .. . ... . .. ... . 49,604,737

OBSOLESCENCE AND DEPRECIATION

Obsolescence of iron blast furnace plants has been due to the
obsolescence of blast furnace fuels and methods and of the modes
of transporting the raw materials and the product, rather than
to any- obsolescence of the process itself, as was the case of the
copper blast furnaces. The principles and chemistry of the
blast furnace process—the combustion of fuel in the hearth to
furnish heat for melting and preheating the raw materials, and
to produce the carbon monoxide gas for reduction of the iron
ores in the shaft of the furnace—are just the same in the modern
1,200-ton coke blast furnace as they were in the 1-ton charcoal
furnace of colonial days.

The blast furnace fuels, kinds of stacks, and modes of trans-
portation have been successively as follows:

Fuel Kind of stack Transportation
Charcoal ...... Small stone stacks | Pack horse; rafts; or cart
Anthracite .. Larger stone stacks | Canalboat, railroad
Raw coal Sheet-iron stacks Canalboat, railroad
Beehive coke.. . .| Sheet-iron and steel | Railroad, ore hoat
By-product coke | Steel stacks Railroad; oreboat; motor truck
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1918 was not due to lack of enough blast-furnace stacks—it was because
we did not use clean coal for our coke.
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table.
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Dec. 31, 1925 395 50,424,190 | 45,000,000 | 36,700,566
Dec. 31, 1926 379 51,681,000 | 45,500,000 | 39,372,729

The dismantling of about 100 stacks (or the removal from the active
list) has not greatly reduced the * practical capacity’ since 1926.

The peak production of pig iron in this country was reached in 1929,
when 42,613,918 tons was made, but only about 80 per cent of capacity
(pig iron and ferro-alloys) was utilized. Since then constant improve-
ment has taken place in the quality of blast-furnace coke and in the
cnrichment of ore-burdens, which increases potential capacity without
physical enlargement.

In spite of a total of 582 completed stacks in 1887, the rated annual
capacity was only 10,990,993 tons of pig iron. At the end of 1932 the
number of active stacks had been reduced to 279 (including nineteen
blast furnaces making ferro-alloys) but the rated capacity (not counting
eighteen coke furnaces that had been a long time idle) was 50,455,975
tons. It is evident therefore, that sufficient blast-furnace capacity
exists in the country to take care of even extraordinary demands for
pigiron. Today there is an idle merchant iron capacity of 750,000 tons
in only six blast furnaces in the eastern territory, not counting the idle
steel-plant merchant-iron furnaces, nor some other stacks that have
been a long time idle.

It would be hard to predict the future demand for merchant pig iron.
Metallurgically speaking, there is a tendency toward iron of better
quality, and the research work of the gray-iron foundrymen is now
showing what remarkable results can be obtained with the right kind
of pig iron mixed with alloys and properly handled in the cupola.
Humanly speaking, the ‘“social trend” may possibly put the iron
business back again into the hands of the ironmasters themselves.
Prophetically speaking, some of my friends have said that the iron-
blast-furnace process is doomed, like the copper blast furnace, and that
new processes will furnish us iron more directly, as has been heard ever
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decade several blast furnace plants changed from sand pig beds
to pig-machine casting; long cast houses, molding machines,
pig breakers, overhead crane runways and_other accessories
immediately became scrap. Also, dry slag pits at the furnace
have made obsolete all the cinder ladles, cinder locomotives and
tracks to the slag dump. Figure 123 shows a merchant plant
that became obsolete from several causes and was scrapped.

Not only do the blast furnace plants themselves become
obsolete and dismantled because of the obsolescence of fuels,
methods, and transportation, but whole towns and areas become
affected when pig-iron production ceases from any of the above
causes. There are now 17 states that used to produce pig iron
in a total of 307 blast furnaces, which now do not have a single
blast furnace standing; New Jersey, Virginia, and Wisconsin
are notable examples of former pig-iron producers. There are
now no blast furnaces in the states on the Pacific Coast.

In the case of consolidation of several iron and steel companies,
the main object of the merger is often the purpose of dismantling
the obsolete and high cost plants, even if these plants should be
included in the capital structure of the new corporation at high
valuations. Such was the case with the United States Steel
Corporation, which was formed by the consolidation of cleven
steel companies in 1900, with an aggregate capitalization of
$1,053,500,000; by the end of 1934 there had been charged off
to depreciation a total of $1,750,000,000, besides $2,200,000,000
to maintenance and repairs. ‘“The Corporation set aside
$508,000,000 to amortize cost to U. 8. Steel Corporation of
stocks of subsidiary companies in excess of their investment in
tangible property, and used $116,000,000 of subsidiary surplus
in 1902 for additional writedown of plant.”*

Recent Federal taxation laws will undoubtedly bring about
changes in the cost accounting in the manufacture of pig iron,
so as to take care of this great item of obsolescence.

In spite of occasional predictions to the contrary, the iron
blast furnace process itself is not likely to become obsolete
as the most cconomical process for the mass reduction of iron
from its ores.

1 Fortune, March, 1936.






INDEX

A

Accident
work)
Accidents peculiar to blast furnaces,
280
Agnew, Charles E., 101, 105, 278
Alabama, 77, 79, 80, 282
Birmingham district of, 326
crushing 1ron ores of, 164
iron ores high 1n phosphorus, 336
making Bessemer 1ron in, 110
Algoma Steel Co., 115, 116, 117, 331
Allowances for shrinkages of ore, 321
American Iron and Steel Institute,
69, 75, 84, 86, 110, 111, 216,
271, 338, 339
American Journal Science, 230
Amecrican Rolling Mill Co., The,
42, 44, 126, 154, 197, 200, 240,
242, 268, 269, 286, 342
Analyses, of every cast of ron, 275
of flux, frequent Sampling, 274
of iror ores, daily sampling, 273
of slag samples, 275
Annealing pots, 93, 110
analvsis of, 110
Anthracite, blast furnaces, passing
of, 68
analysis of, 120
false theory in use of, 146
first use of, in blast furnace, 118
furnaces in Lehigh Valley, 51
influence of anthracite practice,
119
ron industry contiguous to, 331
in Rhode Island, 118
Arsenic, gives trouble in smelting, 80
Ash, 3
1 coking coals, 130
combines to form slag, 3

prevention (see Safety

Ash, excess cost of 1 per cent of, 132
Assembling costs, of pig iron, 325
of raw materials, 327
Atmospheric blast, 8, 137
applhication of dry blast, 142
beneficiation of, 140 .
cffects of changes in weather, 139
is greater by weight than, 8
measurement of, 138
moisture in, 140, 141
quantity of, 137

B

Bachman, Frank E., 75
Baker, Dawnid, 142
Balance sheet, of all units of iron,
306
depreciation charges on, 342
for heat (see Heat halance)
for iron ore, 274
Bankimg the furnace, 249
Barium, in gangue of iron ore, 68,
134
present as BaO, 223
tested for removing sulphur, 134
Beisler, M. F., 293
Bell, Sir Isaac Lowthian, 145, 149,
158, 161
Bell, 6
big, 6, 23, 51
and hopper, 7, 51
little, 6, 7, 23, 51
-operating rigging, 51, 52
Beneficiation, of the blast, 140, 263
of blast furnace flux, 136
of coking coals, 130
of iron ores, 86
Bessemer, and non-Bessemer, ores,
68, 91
Bessemer pig iron, 94

345



346

Bethlehem Steel Co., 77, 80, 95
Bicalcium silicate, 233
Big-hearth furnace (see Hearth)
Bins, for coke, 15, 266
for limestone, 15
for mixing lake ores, 73
for ore, 15, 265, 266
for scrap, 15
for sinter, 15
for 1,000-ton furnace, 15
Birkinbine, John L. W., 86
Birmingham district, alkalies in
iron ores of, 294
blast furnace practice in, 110, 119
fortunately located, 326
making Bessemer pig iron in, 336
Thomas blast furnaces in, 39
utilization of slag in, 292
Birmingham Slag Co., 40, 288, 289
Blast furnace, an economical metal-
lurgical apparatus, 86
hnes (see Lines of blast furnaces)
metallic product of, 1
the modern, 11
the 1,000-ton (see Thousand-ton
furnace)
vertical oross section of, 3, 4
Blast Furnace and Coke Oven
Association of the Chicago Dis-
triet, 3, 11, 12, 13, 16
Blast Furnace & Steel Plant, 12, 59,
151, 152, 197, 198
Blast furnace fluxes, 132, 133
barium in, 134
heneficiation of, 136
calcite, 133, 134
dolomite, 135, 136, 337
oyster shells, 133
Blast furnace fuels, 111
anthracite (see Anthracite)
beehive coke (see Coke)
by-preduct coke, 111, 113
characteristic effects of, 114
charcoal (se¢e Charcoal)
four periods of, 113
and modes of transportation, 341
raw ooal, 111, 118, 120
regional influences of, 340

BLAST FURNACE PRACTICE

Blast furnace gas (see Waste gas)
Blast furnace practice, commercial
side of, 297
when big lumps desirable, 86
“Blast Furnace Practice,” J. J.
Morgan, 114
Blast furnace process, 3, 10, 11
mechanical side of, 5
not likely to hecome obsolete, 343
the only commercial method, 157
theories of, 144
Blast furnaces, Gary, 2
history of, 121
Holt, 166
new Inland Steel Co., 265
obsolete, 342
Ormesby, 25
South Works, No. 4, 188
Southern merchant, 17
Warren, 7, 8
Blizzard, John, 216
Blow pipe, 31, 32, 154
Blowing the furnace, 247, 263
Blowing down, 251
Blowing in the furnace, 245, 246, 247
Blowing out the furnace, 248
Blowing ‘““slack-wind,” 251
Blowmg engines, 8, 63
Blue Billy (or purple ore), 57, 93
analyses of, 94
barium, m, 94
lead, zine, and copper, 1n, 94
raw, briquetted, nodulized, 93
sintered, 93
Bonus, 1
on Ontario pig iron, 1
Bosh, 3, 6, 25
angle of, 3, 16, 18
bands, 5
construction of, 16
jacket, 17, 29
permanent, 17, 19
Bosh gas (CO + N,), 165
temperature of, 167, 169
Bosh plate, 5, 13, 14, 17-19
arches for, 20
frames, 17
how made, 29



INDEX

Bowen, N. L., 230
Bowles, Oliver, 218
Boynton, A. J., 47, 48, 53, 282
Buddington, A. F., 230
Brassert, Herman A., 12, 14, 271
Brewster, William E., 267
Brick, 27

analysis of, 28

behavior of, in furnace linings, 28

circle brick, 32

for hearth and bosh, 27, 237

for hot-metal ladles, 44

for inwall, 27, 237

9- and 13Y4-in., 27

requirements for, 27

for top, 27, 237

vitrified, 21, 28, 244

(See also Lining)
Brosius, Edgar E., Inc., 36, 37, 50,
290, 205 .

Burchard, Ernest F., 77, 89
Burden, 250
Burdening the furnace, 249
Bustle pipe, 20, 29, 30, 32, 33
By-product coke, 1, 122-130
By-products of the blast furnace, 281

C

Calctum sulphide, 135, 233
dissolved by the magma, 255
high content of, 233
sulphur changed into, 11

Calorific value, of coke to be

plained, 212
of waste gas, 7, 281
Canada, Dominion of, 1, 68
Cnpacity of blast furnaces, 1, 3, 25,
65
essential to comparative
system, 305
rule for computing, 12, 65
in United States, 339, 341

Carbon, in pig iron, 9, 221, 222
reduction in presence of, 11
units of, 9

Carbon dioxide, digsolves carbon in

top of furnace, 162
ratio to carbon monoxide, 161

X~

cost

347

Carbon monoxide, 3, 167, 163
in ascending gases, 183
high content of, 156
ratio of, to carbon dioxide, 161
reaction with ferric oxide, 169
at the tuyeres, 152
“Carnegic Handbook,” 167
Carnegie Steel Co., The, 160, 167
Carnegie-Illinois  Steel Corp., 2,
48, 71
Cast, 33
analyses, 275
Cast house, 38
Center line, of cinder notch, 4, 13,
20, 33, 34
of furnace, 4, 13, 20, 241
of ron noteh, 13, 20, 33, 34
of tuyeres, 4, 13, 19, 20, 149
Central Research Bureau, 124
Charcoal, 1, 26, 115
advantages of, 117
analvsis of, 116, 147
blast required for, 147
blast furnace, largest, 115, 116,
117
disadvantages of, 118
cra of, 113, 115
hearth diameter for charconl, 156
unique fuel; 116
Charge, depth of, 192
sire of coke charge, 266
Checker hrick, 51, 34, 56
“Chemical  Phenomena  of
Smelting,” 161
Chimney valves, 53, 56
Cmder ladles, 38, 39
Cinder notch, &
construction of, 36
cooler, 34, 36, 38
location of, 5
Clark, Ora E., 1564
Clay, fire, 27, 35
for iron-notch gun, 267
plastic, 94
‘“‘stopping,”’ 34, 35, 267
Clay brick, deaired, 56
second quality, 20
set in cement, 21

Iron



348

“Clean Coal,” 132, 338
Cleaning the furnace, 251, 252, 253
Clements, Frederick, 175, 181, 182,
183, 184
Cleveland Quarries Co., The, 44
Coke, ‘““base,” 65, 306, 319
beehive, 120, 121, 123
by-product, 122, 124
analysis of, 128, 129
‘‘commercial,” 307
Connellsville, analysis of, 122
East Broad Top, 122
methods for sampling of, 130
sizes of by-product coke, 128
per ton of pig iron, 277
Coke hreeze, causing dirty furnace,
251
excellent fuel for sintering, 101
in flue dust, 94
freedom from, 130
screened out, 277
Coke consumption, high in big-
hearth furnaces, 13
Coke ovens, Koppers, 125, 126, 127,
128 .
Semet-Solvay, 125, 129
underfiring of, 285
Wilputte, 125
Coking coals, beneficiation of, 130,
131
effects of 1 per cent of ash in, 132
evaluation of, 131, 132
products from 1 ton of, 127
Column, of solid iron ores, 3
of solid stock, 6
“The Blast Furnace Column,” 208
Combustion of the fuel, 148
sufficient to furnish heat, 148
Combustion zones, 148, 149
approximate size, 150
average in 10 furnaces, 153
discovery of, 148
under slack blast, 151
studied by rod test, 154
Concrete, from blast furnace slag,
202, 293
foundation of furnace, 20, 21
Connellsville, coal, 122

BLAST FURNACE PRACTICE

Connellsville, coke, 121, 122
ovens, 121
Cooling plates, 13, 14, 17, 29
Dovel, 29
Cooling water, 50
recirculating of, 50, 51
Copper in foreign iron ores, 80, 93
Cost accounting for pig iron, 297—
T 337
actual costs, 317-318, 336-337
basis for ideal cost, 304
Columbus comparative cost sys-
tem, 304, 306
comparing costs, 303, 317
wdeal cost, 303
Cottrell clectric precipitator, 43, 49
Counselman, T. B., 283, 296
Critical temperature, defined by
Johnson, 168
Crockard, Francis H., 17, 19, 30, 45,
164 .
Crowell and Murray, Inec., 70, 72, 92
Crucible (see Hearth)
Crushing iron ores, determining the
size for, 162
Cudworth, James R., 292
Curran, W. E,, 58
Cyanogen, 151, 211
cyanonitride of titanium, 28

D

Davis, F. W., 169
Dawson, Joseph, 140
Depreciation, charges in cost, 311
costs fixed by the management,
324
huge sums charged off for, 343
not always shown in costs, 342
and obsolescence, 341
Desulphurization, 223, 224
Diameter, of bosh, 3, 12
enlargement of hearth, 26
of hearth, 3, 12
of stock line, 3, 4
Dings Magnetic Separator Co., 76
Disintegration of firebrick, 243, 244
Disintegrator, 285
Theisen type of, 283
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Dismantling of blast furnaces, 337,
338
Dolomite (see Blast furnace flux)
Double bell, 22
Double hopper, 22
Dovel, James P., bronze cooling
plates, 29
top, 29
Downecomer, 7, 46, 47
and offtakes, 47
Drill to open iron notch, 33
Drying, the air blast, 142
coking coals, 131
iron ores, 86, 88
Drying out the furnace, 244, 245
Dust catcher, 7
dry whirlers, 46
primary, 46, 49
Dutch pill, 252, 253

E

Electric scparators, 283, 284
Cottrell type (see Cottrell electrice
precipitator)
Engineering Society of Western Pa.,
138
Iqualizer for hot blast, 53

F

Farnum, Dwight T., 272
Feild, Alex., 221, 228, 255
Firmstone, Frank, 135
Flue dust, 94, 294

alkalies in, 294

analysis of, 296

carbon in, 296

conditioner, 295

for fertilizer, 294

sintering of, 95

utilization of, 94, 95, 295
Flux (see Blast furnace flux)
Foreign iron ores, free of duty, 80

used in United States, 79, 80
Forms, for average analysis, 309

for average conditions, 310

for cost data sheets, 311

349

Foundry coke, 121
Franchot, Richard, 211, 212
Franklin Institute, Journal of, 273
Frantz, J. H., 304
Freight, inbound, 10
low ocean, 80
outbound, 10
tonnage, 10
Freight charges, on fuel and flux, 330
on Great Lakes, 329
on iron in pigs, 327
on iron ore to inland furnaces, 330
on Lake Superior iron ores, 328
on raw materials, 327
on upper rail haul, 329
Fundamentals, 25
lack of, 25, 146
Furnacemen, 271
the foree of, 272, 273
of the Lehigh Valley, 77
standard force sheet of, 307
succeeding generations of, 26

G

Gages, 22
Gangue, 66, 67, 85, 93
Gary Works, 2, 71
Gas analysis of, on four planes, 187
Gas burners, 53, 55
Gas cngines, 7
Gas holder, 286
Gas mains, 48, 49
Gas scal, 49
Gas valves, 49, 50
Gas washers, 47
cleetric (see Cottrell clectric pre-
cipitator)
flue dust from wet, 94
Mullen type, 9, 48
tower type, 8, 48
for wet washing, 282
Gayley, James, 142, 143
Geissenhainer, Dr. Friederich W.,
118, 146
Geologico-geographical
for iron ores,
Goggle valve, 49, 50

standpoint
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Granulating slag, devices for, 39
Grate bars, for sintering, 100
Great Lakes Steel Corp., 287
Greenawalt, John E., 96, 104, 106
Gun (see Iron notch gun)

H

Hanulton Coke and Iron Co., 268,
287
Hanna Company,
Agent, 320, 330
Harlan, B. J., 3, 48, 52, 95
Harrison, Perry G., 96
Harte, Charles Rufus, 340
Hassler, J. M., 58, 277, 291
Hearth, 3, 5
big-hearth furnaces, 18, 21, 156,
305
construction of, 18, 20
or crucible, 3, 5
diameter for charcoal, 156
jacket, 5
plates, b
still unexplored, 144
Heat, straight line, 53
Heat balance, 171, 178
caleulation of, 174
defimtion of, 170
difficult to compare, 175
Heat distribution, 174
Heat exchange, between solids and
gases, 5
Heating surface, required m stoves,
51
Height, of blast furnace, 3, 12, 14
of bosh, 14, 25
of inwall, 14
of throat, 14
Hodges, Paul C., 136
Holbrook, W. F., 136
Holt furnace, 166, 197
Hot blast, cold-air mixer for, 53, 56
Hot-blast equalizer, 53
Hot-blast main, 53
Hot-blast stoves, 8, 51, 52, 53, 54
Massick and Crooke type of, 53
Hot-blast temperature, 53

The M. A,
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Hot-blast valves, 53
Hot metal, 40
haulage of, 41, 44
poured into transfer ladle, 269
Pugh type ladles for, 267
Hot-metal ladles, 40, 41, 42, 43, 267
Hudson, Roy P., 337

I

Imported pig iron, from competing
countries, 334
cost of production, 335
effects of, 331
grades of, 333
tonnages imported, 332, 333
value of, 332, 333
Ingot iron slag, 108
Intakes for air, 63
Integrated steel plants, 92
definition of, 63
scrap from, 109
using blast furnace gas, 286, 287
Intermediate cooler, 34, 36
Inwall, protection of, 29, 30
Iron, the clement Fe, 9
molten, not an article of com-
merce, 1
receptacle for, 5
in pigs (see Pig iron)
Iron Age, The, 76, 87, 135, 177, 180,
199, 233, 269, 270, 287, 340
“Iron Making in Alabama,” 79
“Iron Manufacturers’ Guide,” 66
Iron noteh, 3, 5, 33, 34, 35, 186
care of, 267 .
gun, 5, 34, 35, 36, 37, 186
to open, 35
to shut, 35
Iron ores, 1, 3
of the Adirondack region, 75, 80
beneficiation of, 86
“b()g," 1
earthy constituents of, 3
brown ores, 77, 79, 87, 91
Chateaugay, 74, 75, 85
chemical and physical character-
istics of, 84
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Iron ores, classified by furnacemen,
66
Clinton ore, 73, 77
combined iron ores, 67
Cornwall deposit, 74, 77
drying of, 88
Eastern magnetites, 73, 91
evaluation of, 90
Foreign, used in U. 8., 79, 80, 92
fossil, 67
umpure carbonate ores, 67
Lake Superior, 3, 68, 72, 77
location of, in U. 8., 69, 70
magnetic iron ores, 74
natural iron-ore minerals, 66
of Northern New Jersey, 76, 87
pricing of, 90, 91
recorded shipments of
Superior ores, 73
red ores, 68, 77, 78, 87, 91
Southern, 77, 91
titaniferous, 75
trouble from irregularities in, 85,
86

washing of, 88, 80

Iron-bearing materials, secondary, 92

Lake

J

Jacket, 13

for cinder notch, 13

for hearth, 5, 14

petticoat jacket, 17

for tuyeres, 5, 6, 13
Johnson, J. E., Jr., 145, 149, 168
Jones & Laughlin Steel Corp., 18
Joseph, T. L., 136, 138, 146, 149,

162, 164, 165, 168, 170, 176, 181

K

Keeper, 272

Keith, Herbert C., 340

Kerr (see Peale)

Kinney, S. P., 48, 53, 138, 146, 149,
151, 152, 156, 165, 170, 176,
181, 186

Kish, 93

from direct-metal ladles, 110

351

Kish, removing at pig machine, 44
Koppers Company, 127, 128

Il

Labor, adjustment in costs, 322
a man-day at blast furnace, 307
the standard force sheet, 308,

Ladles, for cinder (see Cinder ladles)
for hot metal (see Hot metal)
linings for, 44
mixer type (see Hot metal)
short pour (see Hot metal)

Lake Superior iron ores, 68-73
annual shipments of, 82, 83, 84
classified according to ranges, 68
commercial classification of, 72
cnormous tonnages of, 73
location of, 70
one and a half billion tons of, 90
trend of analysis of, 81
unloading of, 71

Lake Superior Iron Ore Association,

68, 73, 84, 90

Layer, of chicken feed, 29
of ore, fucl, and flux, 7
of slag, 11

Lead, caused bursting of shell, 94
expansive foree of, 15
gives trouble in smelting, 80

Ledbetter, R. 11, 110, 111

Le Tellier, A. Marshall, 136

Lime set (*lune bum?”’), 228

Limestone, “base,” 307

Limestone adjustments, 321
comes in as a solid, 148

ILindgren, Roy A., 28

Lines of blast furnaces, 25, 26

Lining, brick, 27
for hot-metal ladles, 267
Life of, 28 .
protected by bosh plates, 17

Log washer, 88, 89

M

McCaffery, Dr. Richard S., 228,
229, 232
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McClurkin, Robert, 95
McKee, Arthur G., 6, 23, 32
McKee top (see Top)
Magnesia, effect of, on desulphuriza-
tion, 225, 226
high content of, 234
low content of, 234
Magnetic concentration, 77, 87, 90
cobbing, 76
Crockett-Dings concentrator, 76,
77
Magnetites, reducibility of, 164
‘“Making, Shaping and Treatment
of Steel,” 160
Management, excess cost due to, 324
responsibility, 319
Manganese, combines with iron, 215
Mantel, 16, 17, 20
plate, 20, 32
“Manufacture of Iron, The,” 118
Massachusetts, 1, 25, 338
first blast furnace in, 1, 112, 115
Mead, Joscph C., 292
Mellor, J. W., 227
Merchant blast furnace, idle capac-
ity of, 339
obsolete and scrapped, 342
piling of iron at, 268
Southern, 17
scrapped since 1929, 335
Merchant pig iron, all poured into
pigs, 268
consumption of, in 1926, 270
iron in pigs, 269
produced by districts in 1926, 270
shrinkage in capacity, 335
Mesabi ores, caused changes in
practice, 71
cheap, 74
commercial classification of, 72
learning to use, 253
naturally fine ore, 85
Mesabi Range, first shipments, 68,
71
location of, 70
Metalloids, reduction of, generates
heat, 170
in hearth, 156

BLAST FURNACE PRACTICE

Michigan, 68, 71, 331
Michigan limestone, 177
Mill cinder, analysis of, 107
crushing of, 107
prejudice against, 92
Mining and Metallurgy, 21, 86, 165,
169, 337
Mixer, for cold air, 53, 56
for hot metal, 268
Moldenke, Dr. Richard, 114
Monkey, 34, 36
is quickly removable, 38
to shut, 38
Moores Lime Co., The, 46
Morgan, J. J., 114
Mud gun (see Iron notch)
Mullen washer (see Gas washers) v

N

Nagel, Theodore, 174, 285
New Jersey, 76, 112, 118, 331
New York, 76, 118
Highlands of, 76
Nitrogen, in bosh gas, 169, 211
the main carrier of heat, 166
North American Refractories Co., 28

(0]

Obsolescence, and depreciation, 341
effect of, on plant value, 342
of equipment, 343
of fuels and methods, 341
a great item in cost accounting,
343
twin sister of progress, 340
Oesterle, Joseph E., 228, 229, 232
Ohio, 112
Jackson County in, 113, 120
leads in pig-iron production 2
years, 1
meeting place for ore and coal, 326
Ontario, bonus in, 1
charcoal furnace in, 25
coke furnace in, 25
iron ores of, 68
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Open-hearth slag, 93
desirable for the blast furnace, 107
analysis of, 108
amount of, in burden, 109
Operating the blast furnace, 237
Ore boats, 71, 90, 266
Ore bridge, for 1,000-ton furnace, 14
Ore mixture, 92
base ore mixture, 306
iron-bearing materials in, 92
Ore unloader, at Gary Works, 71
for 1,000-ton furnace, 14
Overhead, cost of, 308, 311

P

Peacock (sce Peale)
Peale, Peacock & Kerr, St. Benedict
dry cleaner, 131
Penctration of the blast, 146
Pennsylvania, 1, 112, 113, 118
has all five fuels, 113
scrapping furnaces n, 331
Perrott, G. St. J., 146, 149, 153
Personality of pig iron (see Pig iron)
Phillips, William B., 79
Pig iron, 1
changing demands for, 335
comparative cost system for, 297
cost sheets, 297-301
disposal of, 268
iron in pigs, 1, 269
is raw material for steel, 1, 2
official definitions of, 1
“only the name remains,” 40
‘“‘personality’’ of, 114, 223
quality of, 114
Pig-casting machine, 44, 45
molds for, 45, 46
Pit & Quarry, 293
Pittsburgh seam of coal, foundation
of Pittsburgh steel industry, 326
Platform, top, 16, 22
Plock sinter plant, 57, 62
Pocahontas coke, 122
Porosity of ore lumps, 163
relation of, to size, 165

353

Pouring, at pig machine, 45
rate of, 44
Power plant, 63, 64
pumps, 63
steam lines, 63
Protection, for the bosh, 17
to the firebrick lining, 5
for stock line, 14
Psychrometric chart, 141
Pyrometers, 56, 146

R

Ramsay, George D., 165
Ramseyer, Charles F., 146
Ranges, ore, names of, 68, 70
Raw materials, 9, 66
analyses of, in test, 173
changes in character of, 81
cost of transporting, 325, 331
dumped into little hopper, 51
large tonnages of, 73
price of, does not include, 302
quantities to make ton of pig ron,
10, 137
Raw-coal blast furnaces, 67, 113, 120
no recovery of by-produects, 236
with recovery of by-products, 236
Recording instruments, 56, 57
for stock line, 15
Records, of consumption, produc-
tion and loss, 306
furnace, keeping, 273
to indicate results of new methods,
276, 277
other, 275
of weather, 275
Reduction of iron ores, 157
with carbon monoxide, 169
Carnegie diagram of, 158, 160
with hydrogen, 162, 163
influenced by size, 162
in the shaft, 15
Stout’s diagram of, 158, 159, 161
Reese, Arnold K., 81
Relining, charges for, in cost, 311
fixed by the management, 324
reserve, 132
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Republic 8teel Corp., 89, 68, 357
Research Corporation, 49
Research work, in blast furnace
slags, 255
lack of, 5
Residuum, 93, 109
analysis of, 109
‘manganese-residuum, 109
spiegel-residuum, 93
Rhode Island, 112, 118
anthracite from, 118
Rice, Owen R., 207
Rich, Francis, 251-252, 257-263
Richard mine, 76
Roberts & Schaeffer Company, 131
Roche, H. M., 76, 87
Rod test, 153-155, 167
Roll scale, 92, 107
analysis of, 107
sources of, 107
Royster, P. H., 138, 146, 149, 165,
170, 176, 181
Runners for slag, 38

]

Safety work, 278-279

in blowing out, 249

first aid instruction, 279

mud gun a safety device, 36

of National Safety Council, 279

safety devices, 279

shelter for operating mud gun, 35
Salamander, 18, 21

cyanonitride of titanium in, 28
Sampling, of coke, 130

system of, for Lake Superior ores,

73

tube water-cooled for, 149
Saugus River, 1
Seabs, 251, 252
Scaffolds, 261

alkali, 294
Scale car, 15
Silicon, from ash and slag, 215

drives out the earbom, 221
Silieon effects in pig iron, 222
Schapiro, Leo, 229, 2%2
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Schwartz, G. M., 96
Serap, 92, 109
borings, turnings, 93, 110
busheling, alley scrap, 110
is smelted, not melted, 111
runner scrap, pig-bed sctap, 109
stove plate, shovel scrap, 03, 110
tonnage consumed, 111
Screening, iron bres, 87
Semet-Solvay Engineering Corp.,
129
Sensible heat, in waste gas, 7
Shadgen, Joseph F., 177
Shaft, 3, 6, 15
Shell, 13, 15
construction of, 15
riveted, 16
welded, 16
Shimer, Porter W., 215-216
Sinter, 95
compared with by-product coke,
104
100 per c¢ent in burden, 95
photomicrographs of, 102, 103,
105, 106
Sinter plant, 7, 57
Dwight-Lloyd type of, 57-38
Greenawalt type of, 58-60, 62-63,
96
Plock type of, 62
Sintering process, cssential part ot
American blast, for flue dust,
95
fundamentals of, 96-102
furnace practice, 95
for iron ores, 96
Skimner, 38, 39
at pig machine, 44, 45
Skip hoist, 15, 16
Slack-wind blowing, 257-263
Slag, amount of, 10, 255
for concrete, 292, 293
control, 254
disposal of, 270
dry solid, 287, 289, 292
dumps, 39, 40, 110, 288
for fertilizer, 294
floats or the iron, 5, 11
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Slag, to form the, 3
method for dry granulating, 89,
290, 291
pit, 38
for roads, 293
sampling of, 255
skimmed from the iron, 38
for wet granulating, 39, 290
variations in analysis of, 2556
volume of, 254
weight of, 287
Slip, bottom, 33
serious, 33
Sloss-Sheffield Steel & Iron Co.,
furnaces of, 199
Smelting, of foreign iron ores, 79
lack of fundamentals of, 25
of Lake Superiar ores, 1, 68
of lean bog ores, 1
magnetic iron ores, early practice,
74
Southern Ohio Pig Iron and Coke
Association, 12, 65, 126, 305,
306, 338
Spinel, 135
Spouts, for iron, 38
for slag, 38
Spray pond, 17
Steam hnes, 63
Steam plant on top of furnace, 115
Steam pressure at 1,000-ton furnace,
63
Steam temperature at
furnace, 63
Steam blowing engines, 63
Stock, definition of, 6
to deliver evenly, 6
flow of, 149, 186
gaes through furnace in 8to 12 hr,,
148
impossible to distribute evenly, 23
measurement of flow of, 187-190
movement of the, 185
rate of flow of, 191
Stock line, 3
increase in, 26
protection of, 29
recorder, 15, 273, 274

RN

1,000-ton
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Stock line, in 1000-ton furnace, 13
Stocking and charging, 263-265
Stout, Wilber, 171, 175, 219, 220
Straight part of shaft, 6
Sutton, Steele and Steecle
tables, 131
Swank, James M., 388, 341
Sulphur, changed to calcium sul-
phide, 11
in Connellsville cake, 122
has affinity for solid iron, 215
in Pocahontas coke, 122
in sulphides of iron, 67
Sunday shutdown, 112
Superintendent, approach to posi-
tion of, 297
Dwight T. Farnum’s idea of, 272
and his working foree, 271
Supplies and service, 308

dry

T

Tapping the furnace, 266
Tanfi Commission, U. 8., 1, 236,
268, 326, 327, 328, 332, 333,
334, 335
Temperature, of basic iron, 168
of iron never constant, 176
of molten iron, 5
Tennessee Coal, Iron & Ralroad
Co., 110
Theisen disintegrator, 283
Theories of blast furnace process,
144
false, 145, 146
lack of, 144
Theory, correet in, §
Thomas Iron Co., 119
Thousand-ton furnace, 1, 11, 281,
282
dimensions of, 14
Titanium, 216
present as earbide, 215
Top, 3, 6
construction of, 21
fillers, 22
McKee top, 6, 15, 22, 23
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Transportation, of anthracite, 118
of eoking coal, 123
of hot metal, 268
of raw materials, 341
Trough, 38
casting, 38
Tuyere stock, 29, 31, 32
Tuyeres, 5, 6, 29, 30, 31,32
angle, 32
center line of, 5
location of, 6
nose of, 6
number of, 6, 32

U

Uehling, E. A., 107

U. 8. Bureau of Mines, 31, 111, 146,
147, 148, 149, 150, 153, 156,
157, 164, 165, 170, 174, 181,
186, 187, 188, 190, 191, 193, 195,
196, 202-211, 224, 255, 279

U. 8. Census, 10th., 115

U. 8. Geological Survey, 77

U. 8. Patent, 161

United States Steel Corp., 343

U. 8. Tariff Commission (see Tariff
Commission)

U. 8. Weather Bureau, 141

\Y

Van Vloten’s investigation, 217
Vanadium, 216

present as carbide, 215
Virgin iron, 92

preference for, 92
Volume of blast, 51, 148

w

Walter, A. K., 99
Warren (Ohio), furnace, 7, 8
Wash, Mag-li-kote, 46

for pig machine molds, 45, 46
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Washing, coking coal, 181
flux stone, 136
gas (see Gas washers)
iron ores, 87, 88
Waste gas, 7, 281
analyses of, 282
B.t.u. value ofy 281, 286
dry cleaning of, 283
prevented from escaping, 46
temperature of, 7, 281
uses of, 7, 284
velocity of, 7
volume of, 7
weight of, 7, 281
wet washing of, 282
Water consumption for gas cleaning,
48
Water softening, 50
Water-cooled bronze bosh plates, 3,
17
Water-cooled cinder noteh, 34, 36
Water-cooled iron hearth plates, 5
Weather, influence of, on blast
furnace, 138, 139
should be closely watched, 139
Well, 1n hearth, 34
Wigkwire Steel Co., 135
Williams, Clyde L., 111
Witherbee, Frank 8., 75
Witherbee, Sheriman & Co , 96
Woodward Iron Co. pig machine, 41
Working volume, 12, 65, 305
enornwous, 25
mathematically fixed, 318
Wright, H. E., 170-171

Z

Zinc, caused bursting of shell, 94
expansive force of, 15
in Franklinite, 67
in gangue of iron ore, 68
gives trouble in smelting, 80
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