














EVOLUTION OF IRON- AND STEELMAKING 7

The blast furnace was introduced into England
about 15300 A.D. Coke was first used as a blast-furnace
fuel in England in 1619. About 200 vears later—again
in England——the principle of heating the air before it
was blown into the furnace was introduced: air so
heated is referred to as hot blast.

In America, an iron works was established in Vir-
ginia on the James River about 1619; this was de-
stroved in an Indian raid in 1622 and never rehuilt.
The Harreorstuith giow Saugus), Massachusetts iron
works wius begn i 1845 and was the first successful
iron works in what o» eew the United States, not being
abandoned unti! 1675

It is an interesting fact that the principal develop-
ment connected with the blast furnace for over 400
vears alter its inception was the spread of its use to
new localities. There was a strong family resemblance
among all of the furnaces built during this period, al-
though there were variations in size and in the design
of machinery for supplying the blast, ete. For this rea-
son, the Hammersmith furnace shown schematically
in Figure 1—5 can serve as typical of American blast
furnaces of as recently as 100 vears ago.

The American furnaces of the middle Nineteenth
Century now would be called very crude affairs. They
were usually in the form of a truncated cone or pyra-
mid, twenty to thirtv feet high, and constructed of
stonework which enclosed a shaft about four feet
across at the top and cight feet at the bosh. The hearth
was either round or square in cross section. The ca-
pacity ranged from one to six tons a dav. In 1850, for
example, the production of iron in the United States
was reported to be 363,755 tons, produced by 377
establishments.

Raods and bands of wrought iron were employed in
the construction of some of the larger furnaces to in-

crease the stability of the stack, but the expansive
forces present burst even the strongest practicable
tics. The obvious answer was to completely enclose
the stack in a “shell” constructed of wrought-iron
plates: a furnace built at Port Henry, New York in
1854 was said to be the first to be enclosed completely
in an iron shell. The shell type of construction gave to
such furnaces the name of “cupola blast furnaces”
(Figure 1—0G).

The top of the early furnaces was open and the
escaping gases burnt in the air above the furnuce.
Gventually, attempts were made to use the heat of
the burning gases to prcheat the blast air. The first
devices for heating air were mounted on top of the
stacks. A later development was the adoption of the
closed top, that involved the invention of a bell-and-
hopper arrangement that kept the top elosed except
when the bell was lowered to charge materials into
the furnace. One of the first American furnaces to
adopt the closed top was the Fletcherville charcoal
blast furnace near Mineville, New York about 1870.
This principle was later extended to the use of a dou-
ble bell and hopper (1883) that made it possible to
charge materials without ever completely opening the
furnace top (Figure 1—7): this is the present usual
closure.

As early as 1859 in this country (earlier abroad) at-
tempts were made to collect the gases at the top of the
furnace before they burned, and lead them through
suitable piping to ground level, where they could be
burned in special structures called “stoves” in which
the blast air could be heated before it was blown
into the furnace through the tuyeres. Stoves of both
recuperative and regenerative types were developed:
only the regencrative type is employed at present.

The development of better machinery for ¢dm-

Fic. 1—6. The Isabella Furnaces, constructed in 1871-72. These were both open-top furnaces originally. A third fur-
nace was added to the plant a few years later. These fumaces are typical of the design referred to as cupola-type blast

furnaces.
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EARLY SINGLE BELL MODERN DOUBLE BELL

Fic. 1-—7. Schiematic representation of the principle of op-
cration of the single and double bell methods for clfecting
closure of a blast-fumace top. The distance the bells are
lowered (as indicated by the dotted outlines) las been
exaggerated for clarity.

pressing the blast air kept pace with—or even pre-
ceded—the construction of taller and Jarger furnaces.
The water wheel that operated bellows or wooden
cylinder-type blowing tubs was first replaced by the
steam engine. Soon, steam-driven blowing engines of
high capucity were developed and became standard
for the larger furnaces about 1850. In the United
States, the first gas-driven blowing engines were in-

AND TREATING OF STEEL

stalled in 1903: these were internal-combustion en-
gines that used cleaned blast-furnace gas as fuel. The
most recent development for geueration of the air
blast is the turboblower, first used in 1910 and now
the accepted means for the purpose. Some recently
installed turboblowers have a capacity of 140,000
cubie feet per minute at a pressure of 40 1b. per sq. in.

The ore, fuel and fux for many of the early fur-
naces were hrought to the charging hole atop the
stuck in barrows or wheeled carts that passed over a
Lridge leading from an adjacent elevation to the fur-
nace (Figure 1—8). As furnaces grew taller, vertical
hoists similar to elevaters were employed to raise the
barrows loaded at ground level to the top of the fur-
nace (Figure 1—9). The men called “top fillers” then
whecled the materials to the charging position and
dumped them onto the Lell. As {l’r]n-\t capacihy in
creased, it was impractical to kandle ¢ & quednti-
ties ofx.m materials by manual methods I 1353, the
first inclined skip Loist (in conjunction with the first
double bell and hopper) was installed on an American
furnace to raise the raw yaaterials in o skip car to the
top of the furnace and automatically dump the con-
tents of the car into a hopper above the small hell
The fact that a skip car ulwavs dwmped its Toad in the
same location interfered with the proper distribution
of muterials that was essential to smunﬂ‘ furnace oper-
ation, so that various means had to be de\uupul to
mechanically distribute the charge over the top hell:
one of these consisted of a rotating hopper over the
snall Dell that, with modificatious, is generally em-
ployed on anodern furnaces. Another method ein-
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F1c. 1-—8. Exterior view of the restored Hammersmith furmace. Raw materials were brought to the charge hole at the
top of the stone stack over the bridge in the upper left. The wooden wall surrounding the top of the stack served as a
windbreak. The shed in the right foreground protected the area in front of the tap hole from which molten iron was
run from the fumace. See ulso Figure 1-—5. (Courtesy, M. H. Snyder.)
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Fic. 1—9. An early blast-fumace plant, showing the vertical hoist (structure at the right) for
lifting raw materials to the filling platform atop the stack. (After Percy.)

ploved a charging bucket that was rotated after filling
in the stockhouse hefore delivering to the furnace top.
Increased production rates also forced the adoption
of mechimical handling methods for handling and
stocking raw materialy hefore they were charged into
e furnace skip car or bucket. Prior to 1890, raw
sateriaby veere dnmped Trom rilroad cars run onto an
cltevatedd frestle, aned mannadly moved to the stoek
house: where the skip cmoor hoeket was filleds 1o
1893, construction of the blast-turcee plant at Du-

quesne, Pua., included an ore yard with a stocking-
Dridge svstem similar to that emploved in present-day
blast-furnace plants: this was such a radically new
principle that it was referred to as the “Duquesne
revolution.” The success of the new method led to its
general adoption by the industry. This brief resume
deseribes only some of the principal ideas and inven-
tions that Ted, step hyestep, to the designs emploved
in contemporiny blast-formace plants A detailed de-
seription of a moderiv plant is given in Chapter 14,

SECTION 4

INDIRECT PROCESSES FOR

L3 furnaces which produaced molten high-carbon
bon bearne conmmony emploved in Fuaope, part of
their product was used to produace iron castings by
ponring the lignid metal into molds of the desired
shape. Such cast iron had limited usefnluess, sinee it
was inherently hard and brittle due to its high-canbon
content and the presence of other clements that en-
teved the iron during reduction of the iron ore. Tt was
not malleable, that is. it conld not be shaped at any
temperature below its melting point by cither ham-
mering or rolline.

In order to utilize the hich-carbon product of these

MAKING WROUGHT IRON

furnaces for making forged or wrought articles, it was
necessary to develop purifving processes that would
remove the excess carbon, manganese, silicon, cte.,
from the impure iton to produce relatively soft, mal-
leable wronght iron that would have the same general
composition and characteristics as the iron formerly
produced direetly from the ore in the Catalan and
similar processes. As might be expected, a very great
number of methods were developed in different locaki-
ties. Tsvo tvpes of processes eventually became promi-
nent: the charcoal-hearth processes and the puddling
process. Since the production of wrought iron from
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ore by any of these processes involved two separate
steps: (1) reducing the ore to make pig iron and (2)
remelting and purifving the pig iron to make wrought
iron, they were referred to as indirect processes.
Some of the most widely used chiarcoal-hearth prae-
esscs for purifying pig iron are described below (the
Walloon, South Wales and Lancashire processes).

WALLOON PROCESS

Just how, when, where, and by whom wrought iron
was first produced from pig iron is unknown, though
it is probable the process originated in Belgium, The
first attempts were, no doubt. made in the forge or on
a hearth such as those already described for the pro-
duction of iron dircetly from the ore. Tere the action
of the wiv from the blist (by that time in general use)
would, if the irvon were handled properly during melt-
ing, result in the oxidation of the silicon and the
greater portion of the manganese and carbon, giving a
ductile and workable product. The first reference to
the process in written records appeared about 1620,
but by that time the process had reached a stuge of
considerable development, Previous to that date, the
Walloons of Flanders had gone to Sweden, where
they had introduced the process, since known as the
Walloon process. In this process a rather deep hearth
with one or two tuycres was used (Ifigure 1—-10).
With the hearth filled with charcoal and lheated to a
high temperature, the pig iron, in the form of long
pigs, was fed into the fire so that the lower end of the
pig would be gradually melted, and the molten metal
would trickle to the bottoin directly in front of the
blast. The metal, desiliconized and decarburized by
the oxygen in the air blast, would collect as a pasty
mass upon the bottom, being worked vigorously as it
collected. The ball of pasty metal was then separated
into lumps that were raised above tuyere level and re-
melted. The new ball formed on the bottom was thien

LOCATION OF THE
PART{ALLY ~WRCUGHT
BLOOM FROM PREVIOUS
HEAT EMBEDDEO IN HOT
CHARCOAL FOR REHEATING

HEAVY DOTTED LINE
SHOWS APPROXIMATE

TOP LEVEL OF CHAR~
COAL HEAPED ON HEARTH

PIG BEING
MELTED

116, 110, General arrangement of a Walloon hearth used
for purifying pig iron to make wrought irou.

THE MAKING, SHAPING AND THEATING OF yiwiar

removed from the hearth and hammered into a bloom.
The second melting freed the metal from much of its
entrapped slag. The pig used in Sweden, smee it was
reduced from the famous Dannemora ore i charcoal
furnaces, was excoptionallv Iow i wilicor sulphan and
phosphorus, henve wis especiaih Laduomed o
process. ‘

rhis

SOUTH WALES PROCESS

Few districts outside of Dammemora are favored
with ore so free from phasphormus, o vere Je to eor
tinue using charcoal for tuel for sech oy
years. The use of coke in the blast furnace wdaves 10
alternative but the production of high-silicon iron, s
the sulphur content is to be kept suitably within lirnits.
At the lower temperatures necessary to produce low-
silicon iron, more of the sulphur content of the coke
will be picked up by the iron. Such iron, high in sul-
pliur and silicon, could not be purified in a single
operation, as in the Walloon process, where the purifi-
cation was carried on {u the combustion chamber with
the metal wod stug in contact with the fuel. It was
found, however, that this iron could be parificd and
converted into wrought iron very seadily 1noowe
stages. The South Wales process (somet! ¢
with the Lancashire process) was a typical nwi-siage
process. [For the first stage, a smull, rectangular, water-
cooled hearth, surmounted by a stack and provided
with a number of tuyeres, was used. In some cases,
this hearth was a scparate structure; in other cases
this hearth for melting the pig iron formed part of s
two-hearth furnace in which the melting hearth was
slightly above the second hearth where final refining
took place. When a separate melting hearth was em-
ploved., coke was used as fuel to melt the pig iron; for
refining the melted iron, the second hearth was fired
with charcoal. When the two hearths were incorpo-
rated into one furnace structure, chavcoul was used as
fuel in both. Sometimes two charcoal hearths were
served by one melting hearth that tapped directly into
them. The hearths were known by various names. The
melting hearth, when separate, was called the refin-
ery, or refinery fire, if the metal tapped was allowed
to partially or comipletely solidify befure being trans-
ferred to the second hearth, If the metal was allowed
to fow dircctly from the refinery into the second
hearth or hearths, as in the two-hearth fumsce, the
melting hearth was known as the melting firery o»
running-out fire. In both cases, the second hearth was
known as the finery, charcoal finery vr, more oltes,
knobbling fire.

With a good fire burning upon the melting hearth,
alternate charges of coke and pig iron were made
upon it. As the metal melted, it would collect upon the
bottom of the melting hearth where the blast from the
tuyeres impinged upon it, oxidizing the silicon and
some of the phosphorus along with a part of the iron.
Assuming that the melting hearth in this case was a
separate unit, when a sufficient quantity of partially
purified and partially solidificd metul had collected, it
was Lransferved to the secoud hearth from the melting
Learth, being piled in front of the tuyere and cont-
pietely remelted while exposed to the blast. During
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the remelting, the metal was worked constantly and
repeatedly raised slightly off the bottom, which treat-
ment pramoted the oxidation of the carbon. As the
carbon was being removed, the metal gradually as-
sumed a pasty condition, when it was worked into a
ball. taken from the finmace, and hammered.

LANCASHIRE PROCESS
The Lz cashire process differed essentially from the
South Wales process, to which its name was some-
times loosely ziven, in that the pig iron was both
melted and refined in a single hearth using charcoal as
fuel. With some of the slag left from the previous op-
_eration to cover the bottom, the hearth was piled with
charcoal up to above the tuyeres. The pig iron in
lumps was placed on top of the charcoal pile, covered
with more charcoal, and the blast turned on, The pig
iran melted in drops which became partially decar-
burized w passing through the tuvere area and col-
leeted on the hottom, When all of the pig was melted,
it was worked with bars to mix it with the slag and
become thoroughly purified. As purification proceeded
the metal became st and pasty, and when purifica-
tion was completed the pasty mass was raised above
the tuyeres und melted down again to free it from the
intenningled slag. The pasty lump resulting from the
remclting process was then taken from the furnace
and hamrnered into a bloom.
These three are only a few of the many types of
charcnal-hearth indirect processes developed for puri-
fication of pig iron to produce wrought iron.

HAND PUDDLING PROCESSES

About 1613, Rovenson invented the reverberatory
furnace, which he described as a bloomery, finery or
chattery “in which the material to be melted or
wrought may be kept divided from the touch of the
fuel,” but it was not emploved for purifying pig iron
until 1766, when the Cranege brothers received a
British patent on a process which later came to be
known as puddling. With careful manipulation of a
reverberatory furnace, they were able to convert
“white iron,” or pig iron from which most of the sili-
con and phosphorus had been removed in a refinery,
ag described under the “South Wales Process,” into o
good mialleable torm of iron by the use of raw coul
alone for fuel. In 1784, Henrv Cort hollowed aut the
bottom of the furnace so as to contain the metal in the
molten state, then by agitating this “puddle” or bath
of metal with an ivon bar or paddle he was able to con-
vert white or partiallv-refined pig iron into a mal-
leable form (wronght iron), the carbon being burned
out by the oxidizing gases of the furnace atmosphere.

As the furnace bottom was made up of sand, it was
rapidly fluxed away by the iron oxide tormed. Besides,
the process consumed much time and was wasteful
of iron, the vield being less than 70 per cent of the
metal charged. These objectionable features were
largely overcome by Joseph Hall, who, in 1830, sub-
stituted old bottom material for the sand, thns intro-
ducing the fon oxide bottom, which adapted  the
process to any grade ot on, shartened the tine of the
heats, aud inercased the vield to abont 90 per cent,
On account of the boeiling action of the bath cansed

by the rapid oxidation of the carbon by the oxides on
the bottom, Hall’s process camne to be known as the
pig hoiling process. Later, this process became the
leading method for the production of wrought iron.

The original mcthod was designated as dry pud-
dling because of the small quantity of slag formed, the
slag-forming impurities having been removed in the
refinery (sce “South Wales Process,” above). Hall, or
his associates, also introduced the use of air-cooled
iron plates for supporting the bottom and sides, which
materially increased the life of the furnace. During
the next 30 years, few changes were made in the
process, for the new process was so far superior to
previous ones that there was left little incentive for
improvement. This attitude was changed, however,
with the introduction of the pneumatic, or Bessemer,
process in 1856. Then, in order to overcome competi-
tion of the Bessemer steel, and incidentally lessen the
Labor of puddling, which, like «ll its predecessors, was
very arduous, handreds of attempts were made to
improve and cheapen the process (as shown under “Me-
clhitnical Puddling”). Few of these attempts were suc-
cessful, and even the most proniising of the successful
onvs, for various reasons, failed of universal adoption.

Between the years 1920 and 1930, however, hand
puddling was alinost entively abandoned to be sup-
plainted by the Ely mechanical puddler and the Aston
process, the former duplicating conditions of hand
puddling as closely as possible and the latter employ-
ing radically different principles and methads to ob-
tain a similar but more nniforin product. These three
methods are bricfly deseribed in the following sections
not only beeause they will help to define wrought ivon
and ilustrate different methods of producing it, but
also because they supply some fundamental knpwl-
edge as an introduction to the study of steelmaking
processes,

Construction of the Hand Puddling Furnace—Al-
though various modifications were introduced in the
construction of puddling furnaces, affecting both size
and design, the tendency was to adhcere to the smaller
and simpler types, such as the one shown in Figure
1—11. This type was known as a single furnace, had
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Fie. §o—11. Diagranuuatic sc " ns of a hand puddling
{urmace of the simple design |___ o as a single fumace.
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a capacity rating of 500 pounds per heat, and was
coal-fired. The furnace was made up of the following
parts: the grate, or fireplace, located at one end of the
furnace; the neck, at the opposite end, leading to the
flue that connected to the stack; and the hearth, or
puddling basin, centrally located between the grate
and the neck. The furnace was constructed entirely of
brick, but was encased on the sides by a shell of iron
plates held in place by tie rods. As the furnace was of
the reverberatory type, all these parts were covered
by an arched roof which sloped down from the fire-
place to the uptake flue at an angle of § ta 10 degrees.
The roof over the fireplace was built of firebrick, hut
usually silica brick were used over the hearth and
neck. The fuep].lce, which measured about 31% feet
in length, 234 feet in width, and 3% feet in height at
the rear, was enclosed on each side by 12-inch fire-
brick walls and at the rear by a O-inch wall of the
same material. To support the firc bed the space over
the ash pit was bridged with iron bars. About 16
inches above the bars a 10-inch square hole in the fire-
box on the front side of the furnace was provided for
firing. The neck, at the other end of the furnace, was
an inclined firebrick flue, frequently lined with a
course of best-quality silica brick. The neck termi-
nated in a short uptake, or vertical flue, that led to the
statk, which was independently supported upon a
mantle. At the base of the uptake, directly opposite
the neck, was an opening or door, called the floss hole,
which was provided primatrily for the removal of the
cinder that was curried, or overflowed, from the pud-
dling basin.

The hearth, or puddling basin, was the most vital
part of the furnace. Externally, the bottom of this
basin consisted of three iron plates, 1 incli thick,
which were supported upon four heavy bearer bars
laid transversely across the space betwcen the side
walls of the furnace. This construction provided all
the benefits of air cooling. A low brick wall, laid
across the furnace and known as the bridge, separated
the hearth from the fireplace and also served as a

backing for onc end of the basin. At the opposite end -

of the hearth, a somewhat lighter and lower wall,
known as the breast wall or altar, separated the basin
from the neck. Imbedded in each of thesc walls next
to the lining, was a hollow iron casting, called a chill,
through which air or water was circulated to keep
these parts cool. The other two sides of the basin were
supported by the walls of the furnace itself, and were
similarly air-cooled. The back wall was built up solid
to the roof, but the front wall contained the arched
opening to the hearth. The sides of this opening were
made of specially formed silica brick, known as the
jambs, while its bottom was made of a heavy.iron
plate called the fore plate. This opening was closed
by a brick-lined sliding door, in the bottom of which
was a small U-shaped opening, the rabbling hole,
through which tools for working the heat could be in-
serted without raising the door.

Before the newly-built furnace was put into pro-
ductive operation, a smooth one-piece working biot-
tom or basin was built up in the hearth. The details
of this operation were varied considerably with
equally good results. In general, the bottom was com-

posed of a refractory fettling consisting mainly of the
ferrosoferric oxide of iron (Fe,0,). Certain grades of
ore or of heating-furnace cinder were frequently used,
but more often the bottom was made by applying,
oxidizing, and fritting in successive lavers of fine iron
cuttings (such as thread cuttings from a pipe mill)
known as swarf.

Operation of the Hand Puddling Furnace—With
the hearth properly built up or repaired and the fur-
nace in good working order and at a proper tempera-
ture, about 500 pounds of pig iron were charged by
hand thmm,h the door. Following this npmnrinn
peeupy ing 2 to S wminntes, the purification of the yug
iron and the process of puddling ads snoed B stages
known as melting, clearing, boiling, balling 13 draw-
ing. To achieve quick melting, the door wnd ather
openings were closed, the furnace was fred vigor may-
ly, and the pigs turned once or twice by the pudcier
or his helper. In this way the charge was usually
melted within 20 to 25 minutes after churging. The
molten metal, covered with a thin layer of slag, was
then stirred or rabbled by the puddler to hasten the
oxidation of the silicon, the mangancse, and a part of
the phospliorus, an operation known as clearing and
lequumg 8 to 10 minutes. As soon as the metal had
cleared, as revealed by a change in its appearance.
the puddler endecavored to bring vn the boil by ras-
ing the temperature of the furnace, charging some dry
roll scale (iron-oxide scale detiched from bars in
rolling), and stirring the bath vigorously. After some
8 to 10 minutes of strenuous effort, the oxidation of
the silicon and* manganese was brought to a point
where the carbon could also be oxidized

As the product of this reaction wes the gas. GO
and since the slag was somewhat visenis e wonie
caused the latter to foam or boil and rise i the 1:;:
nace. At this point the slag was permitted to fow
from the furnace freely unless it was desiréd te hold
the phosphorus high in'the iron, when a little coal was
added from time to time and as much of the slag as
possible was held in the furnace. As the elimination
of carbon became more rapid, the gas would escape
in larger bubbles and burst into flame at the surface of
the slag to form small flames called puddler’s candles.
With the disappearance of the candles, the puddler
increased the stirving of the bath during the Jowering
of the heat until the metal in terms of the puddler,
would come to nature. In this phenmlwmm, most
characteristic of puddling, the meta! appeared in
small globules, like butter in churmsd ?r_].xk each
globule representing a portion of th2 o chet had
become decarburized, As this reacticn neared co-
pletion, the bath became pasty and very hard to werk.
This change occurred because the high-carbon pig
iron, which was molten at that temperature, was con-
verted to low-carbon iron, which is solid (though
pasty) at the same temperature. The change pro-
gressed rapidly, lasting only 6 to 8 minutes, so that
in some 30 to 35 minutes after clearing the metal was
rcady for balling.

The globulo agglomerated by the mbl)lmp., tended
to collect in sponge-like clusters ou the bottom; these
elusters had to be raised constantly and exposed to
the heat to prevent them from freezing to the bottom.




EVOLUTION OF JRON- AND STEELMAKING

13

Iie. 1—12. Puddler re-
moving a hall {from a
puddling  furnace for
transter to the squeezer.
This photograph, taken in
1949, shows one of the
st puddling  furnaces
still in operation in the
United States. (Courtesy,
Lockhart lron &  Steel
Company.)

So the temperature of the furnace was raised as high
as possible, and the metal was worked into o mass
which was niest separated jnto three paits or balls of
Jiut 150 pounds each, a size convenient for han-
hing with tongs. This operation reguired about 15
miraites. Tach ball in turn wis then grasped by the
tongs supported from the trolley (Figure 1—12) and
drawn throueh the door. After the last ball was re-
wmoved, the lurnace was permitted to cool to some ex-
tent, and the bridge and breast swere covered with a
special ore mix. Anv necessary putching of the bottom
was done, and another charge of metal was placed on
the hearth for the next heat. These operations required
about 2% hours from hicat to heat.

Rolling of Hand-Puddled Wrought Iron—At one
time the balls were worked into the form of a rough
bloom with a hammer, an operation called shingling,
Pater, hammering was superseded by the use of a
Jeviee koown as o squeerer, of which theve were dif-
ferent types. One, known as the Burden sgueceer,
was most used (Figure T—13). 1t was of the rotary

|- STATIONARY

| ROTATING
PUDDLE BALL
f e -

o 1=-13 Schenatic representatinn of the path of o
prddle ball pasang thioangh a Burden squeeser.

type and consisted essentially of a toothed cylinder
motmnted upon a vertical shaft so as to revolve within
asection of a somewhat farger stationary eylinder set
cceentrically to the revolving eylinder. Since  the
Larger eviinder bore teeth or cogs on its inner surface
and described only about three-fourths of a circunt-
fevence, w ball placed in the larger opening bhetween
the evlinders was carvied around the circum{erence
by the smaller revolving evlinder to be compressed
and discharged through the smaller opening in the
form of a shoyt round bloom. This action squeezed
most of the excess slag out of the ball and compressed
it into « form nore suitable for rolling. As soon as the
ball was delivered by the squeczer, it was grasped
with tongs and at once delivered to the first pass of
the rolling mill.

Rolling the Squeezed Ball—The muck bar mill for
rolling the squeczed ball into inuck bar was usually a
16- or 20-inch mill und consisted of a single stand or
set of volls, or of two stands in traing that is, end to

«end and coupled together, The first pass was of the
oper-box type* with huge filiets at the corners in
order to take the eylinder from the squeezer, while:
the sccond pass, generally an edging pass, was of sim-
ilar design, thus working the metal into the form of a
vound-cornered square and squeezing out more of the
slag at cach pass. The remaining passes were all of
the closed-box or tongue-and-groove type for rolling
the bloom into flats called muck bars, witl some open-
box edging passes for use in producing the narrow
widths The size of the muek bars, of course, was reg-
ulated bv the product to be made from them and the
manmner or svstem used in forming the product. For
ordinary bar iron, which was the chief product, the

. See }“.u‘t 1 of Chapter 20 on “Rolling Mill Rolls and Their
Parts” far deseriptions of the roll passes mentioned here.
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muck bar was usually about % inch thick and 2% to
8 inches wide. Bars of these sizes required from 5 to
9 passes. On account of the rapid cooling of the bar
in the rolls, it was not practicable to attempt to roll
sizes smaller than these, as the slag was no longer
fluid enough at this stage to be worked out of the bar.
As slag was squeezed out of the bar at all puasses in
the mill, the muck bar had a very rough surface with
some torn edges and was othierwise unfit to do service
as a finished bar. Having been rolled to the size re-
quired, thie muck bar was allowed to cool before be-
ing subjected to further treatment,

Variables in the Muck Bar—OQwing to irregularities
in the pig iron used, differences in manipulation by
different puddlers, and in different plants, the Small
quantity of metal refined with each heat, and the fact
that the metal solidified before purification was com-
plete, muck bar was an exceedingly variable product.
Since the retention of the characteristics of wrought
iron did not permit melting, this variation had to be
overcome through heat and mechanical treatments.
To effect the necessary refinement, two mcethods were
used, known as busheling and piling, followed by roll-
ing. .

Busheling—Obviously, the suvest way to obtain a
thovough mixing of the iron, was to shear the muck
bars into small picces—the smualler the better, These
small picces from the different muck bars were al-
lowed to collect in a pile, ov piles, from which portions
weighing 180 to 600 pounds were removed with a
scoop or fork and charged into a rcheating furnace,
called a balling furnace, where they were heated
“white hat,” ar to a self-welding temperature, Witli a
paddle, these pieces were then collected into a ball,
similie to a puddle ball, which was squeezed or
shingled, then rolled or hammered into a bloom,
which was then reheated and worked into the form
desived. This process, known as busheling, was used
for working up muck bar only when iron of the high-
est quality was desived. The process was also used in
working up small scrap. In this case there was no nec-
essity for shearing, and the cost of the scrap was
usually considerably less than the cost of muck bar,
but unless the serap was very carefully selected it was
liable to contain much steel, in which case the ivon
produced was considered to be of inferior grade.

Piling—Tle more common practice, therefore, was
to shear the muck bar into lengths of from 2 to 3 feet,
then arrange these pieces in piles of from 5 to 7 or
more each and bind the pieces together with wire or
bands. The piles were earcfully eharged into a fur-
nace and heated white hot. The Ligh temperature
caused the different bars to weld together, so that
they could then be removed and rolled into bars. The
first 2 or 3 passes squeezed out more and more of the
liquid slag, but in the last passes the bar had cooled
to a point where the slag was mercly plastic and
would not flow. Thus, a fairly sinooth and uniform
bar was produced, which would be sold as merchant
bar, single-rolled iron, single-refined iron, or No. 2
iron. To attain the highest degree of uniformity, par-
ticularly with respect to distribution of slag fiber,
the once-piled or so-called single-refined burs were
in turn cut into short lengths, vepiled and rervolled.
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Double Refining—To further improve uniformity,
then, merchant bar was cut up into short lengths,
fagoted, reheated, and rerolled to produce the prod-
ucts kuown as double-rolled iron, double-refined ixon,
best bar, or No. 3 bar. The manner or fagoting (bind-
ing together into a bundle) or piling these bars varied
i numerous ways, and depended oaly in part upon
the use to which the iron was tu s zpplicd There-
fove, cach manufacturer generally hadd ber swe gnceth-
ods of fagoting, which imparted to his iron an fwmdi-
viduality detected by ctehing, Some of the mome
common methods of fugoting are illustrated by the
accompanying sketches (Figure 1-—14). When these
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Fic. 1—14. Some of the more common mcethods of fagoting
or hinding together piles of single-refined wrought iron
bars prior to heating for re-rolling to produce double-re-
fined wronghit iron bars, .

fagots were heated ard more slag
was expelled, the bar was mad wnidonm in com-
position, and the fibers were much elongated and
reduced in size. As a result, the bars showed an im-
provement in mechanical properties, including both
strength and duetility. There was a limit, in addition
to the factor of cost, however, to the number of times
the iron could be worked to advantage. After five or
six workings its physical properties began to be low-
ered, and the bars decreased in strength and were Jess
duclile. The cause, or causcs, of this chinge was
questionable; probuably, it was due tn the sHmination
of much of the silicate slag or possibhy oo much re-
heating and rerolling caused the ferrous silicate fibers
to become oxidized to the ferric condition, thus de-
stroying some of the characteristics of wrought iron.
Wrought iron in this condition was often referred to
as dry iron. .

Reactions and Process Losses in 1Haud Puddling—
The changes in composition of the pig iron during
puddling invelved the climination, or oxidation, of

LA
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silicon, manganese, phosphorus, and carbon about in
the order mentioned. Tn these reactions, the oxidizing
agents were FeO aund Fe,0,. That Fe,O, played little,
if any, part in the reactions was evident from the fact
that Fe O, decomposed at tempreratures above 2010°
F (1100° C) to form Fe,0,. Also, it had been found
that if hematite ore (Fe,0,) was used as the oxidizing
medium, the boil came on very slowly, but if roll
scale 1Fe,Q, or FeO-Fe, 0,) werc used, the reactions
- moeeeded with much greater speed. Nearly all of the
gilieon and manganese and a part of the phosphorus
were oxidized before the boil began, and at some
period after melting and after the elimination of some
of the silicon, the oxidation of all four elcments, in-
cluding carbon, might have proceeded simultaneous-
ly.

A study of the probable reactions that occurred in
puddling indicates that a gain in weight of the pud-
dled iron over the pig iron used could be expected,

. because iron was formed by reduction from the slag
in the elimination of practically all impurities. By
earefu) manipulation. furnaces could be operated to
show a shight gain or a very slight loss. Nevertheless,
n ardinan waorking. there was a loss of from 3 to 6
per cent, which was sometimes a little more, at other
times a little Iees, than the total of the impurities
present. If the heat were properly handled, the loss
was largely due to oxidation of iron alter solidification
had begun in the after-part of the boil and during the
balling stage. If the heat were not skillfully handled, a
variable part of the loss may have been due to the
escape of the metallic granules with the “boilings”
before the “heat was lowered.” In reheating and roll-
ing the muck bar, there was a variable loss of from 10
to 20 per cent for cach time the iron was worked de-
pending upon the nuniber of times it was worked, the
manner of the working, and other factors incideutal
to the operations of heating and rolling. In general,
these losses were due to surface oxidation of the metal
in heating and rolling, expulsion of the slag, and crop-

. ping. Slag expulsion was the smallest item of loss, ex-
eept in the ease of muck bar. and depended mainly
upon the rumber of times the iron was worked, but
was also affected by the temperature at which the
iron was worked, and the nature of the incorporated
slag itself. The loss was a little greater on iron with a

high phosphorus content than on iron low in phospho-

Tus.

MECHANICAL PUDDLING

The never-ending cownpetition in the iron and steel
industry has been a constant spur to improve methods
or lower costs of production. Just as the puddling
proecess virtually eliminated the more primitive direct-
reduction methods for the production of iron, so the
" Bessemer and open-hearth processes for the produc-
tion of steel threatened the life of the wrought-iron
industry. Even before the invention of these steel-
muking processes, much attention was given to im-
proving the puddling process, hecause the pracess
was custly and the tabor arduous, and the furnace was
wasteful of heat. With a reverheratory puddiing rmw
nave of the type deseribed earlier. from 2000 to 2100
pounds of coal were required to produce one ton of

muck Dbar. This consumption of fuel was reduced
somewhat by the use of double furnaces with en-
larged hearths, but, since the application of regenera-
tive and recuperative furnaces appears to have been
impracticable, efforts along this line failed to achieve
much in the way of lowering costs. The installation
of waste-heat boilers in the stacks effected marked
economies, and their use hccame general. To over-
come the high labor cost, many attempts were made
to carry out the puddling operations mechanically.
Such was the situation up to about 1880 when the
Danks puddling furnace appeared. From this time
up to 1925, wrought iron lost ground to steel in spite
of several efforts to revive it. In the meantime, how-
ever, it came to be recognized as a product with
characteristic properties unlike those of steel, and in
1925 attempts to revive the industry were noted.
These endeavors advanced along two lines, tlie one
mechanical and the other metallurgical, the fonner
aiming to duplicate the process of hand-puddling as
closely as possible and the latter aiming to produce a
material having all the characteristics of wrought iron
through the use of the same metallurgical principles
but applied in a manner entirely different from that
ot hand puddling. These two lines of effort are de-
scribed under the headings of mechanical puddling
and the Aston process, the latter representing a sue-
cessful and most revolutionary method of producing
wrought iron by A. M. Byers Company.

Principles of Mechanical Puddling—At first these
mechanical puddlers took the form of stirring or rab-
bling appliances that could be attached to the top of
the ordinary furnace. Because of the great variety of
motions necessary in the different operations of charg-
ing, raising and stirring the Leat, balling the iron, and
drawing the balls, none of these were successful. The
more successful attempts at mechanical puddling
have involved a complete change in the design of the
furnace, and some changes also in the process. These
attempts have been too numerous to warrant descrip-
tion here. The furnaces themselves may be classified
as follows:

1. The rectangular furnace that oscillated about a
horizontal axis of rotation.

2, The circular flat-bottom furnace that revolved
about an axis slightly inclined to the vertical.

3. The eircular furnace with flat or troughlike bot-
tom that oscillated about a horizontal axis of ro-
tation.

4. The cylindrical furnace that rotated about a
horizontal axis coincident with the center.

5. The eylindrical turnace that oscillated about a
horizontal axis coincident with the center, or
both oscillated and rotated about such an axis.

Furnaces built on any of these plans were made to
puddle iron successfully, but those of the fourth and
filth types were most successful, partly on account of
the facilities they afford for controlling the agitation
of the metul, aud pavtly because of the simplicity of
their construction. The Danks furnace, somewhat
widely used in this comtry from 1868 to 1885, was of
the lourth type, while the Roe furnace, built and suc-
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cessfully operated in 1905, is of the third tvpe. H. D,
Hibbard’s furnace, first operated on w commercial
scale in 1921, was somewhat similay to the Danks
furnace. The Ely furnace, patented by W. C. Lly,
was first designed for busheling serap but was later
(about 1920) applied to the puddling of iron. It vep-
resents the fitth type, and, ulong with the Roe furnace,
survived until recent years as one of the two success-
ful mechanical methods for making wrought iron.

THE ASTON PROCESS*

From the descriptions given in the preceding sec-
tions, it is apparent that the basis of wrought-iron
manulacture cousists in refining the base metal tora
close approach to pure iron, and incorporating thercin
an iron-silicate slag of desirable chemical composi-
tion in proper amouut aud distribution. Obviously,
as has been brought out previonsly, several correlated
steps are involved, quite distinet in nature and capable
of scparation, but carried out in the usual methods
for hand or mechanical puddling as one intercon-
nected -operation. Departing radically from  these
former methods is the Aston process developed and
put into large scale' operation by the A. M. Byers
Company of Pittshurgh. In this process, meta] refin-
ing, slug melting, and processing to form the shag-
nmupreguated sponge ball are carried out as separate
stages, cach stage in a separate furnace or kind of
cquipment. The last stage is the crux of the process,
and is based upon a positive and cliective physico-
chemical influence; vamely, the change in gas solu-
bility from a very high amount in molten irou to an

* bpccml ad\nowlodgemult is made of the assistance ren-
dered by A. M. Byers Company, in the preparation of
this section.
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amount practically negligible on solidification. "This
stage of the Aston process is carried out by powring
the refined metal in a continuous stream into a large
volume of molten slag. The slag acts as a heat absorb-
ing agent which effects solidification of the metal
with accompanying liberation of its dissolved gases,
at a steady rate and with a force sufficient to disinte-
grate the plastic metal into a spongy mass. conforming
in all particulars to the characteristics of high-quality
wrought iron.

A large plant, with a daily capucity in excess of
1000 tous, is in operation in the Pittsburgh distvict.
The essential features of the operation are illustrated
in the accompanying Figures 1—15 to 1—20.

Tliree cupolas are operuted ta produce molten iron
(hot metal) of Bessemer grade which is ladle de-
sulphurized with caustic soda and subsequently fur-
ther refined in acid-Bessemer couverters (Figure
1—15).

The iron-silicate processing slag is melted to exact-
ing chemical requirciments in special furnaces, which

re described later (see also Figure 1-——16), and then
transterred to the processing cups.

The molten desulphurized hot metal from the
cupolas is “full-blown” in an acid-lined converter
(Figure 1—17) and the highly refined. deoxidized
metal Is poured at a controlled uniform rate into a
thisuble Lolding molten irou-silicate  slag (Figure
1—18). After the metal fromn the converter has been
poured, the surplus slag is poured trom the thimble,
leaving the white liot sponge ball of wrought iron
(IFigure 1-—=19), This sponge iron is first plcssed into a

bloom of rectangular section (Figure 1—-20) and is
then rolled into slabs or billets. ’
Equipment for melting for the
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tapped from these cupo-
las runs into a ladle where
it is desulphurized and

1—13. Hot metal

trausferred to acid-Bes-
serier converters, one of
which i¢ shoan in Figure
1—37. [ Courtesyy A ML
Byers Company.)
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