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To all whom it may concern:
Be it known that I, Luctus D. CHAPIN, 2
resident of Hyde Park, county of Cook, State

of Illinois, have invented certain new and use-

ful Improvements in Processes for the Manu-

facture of Wrought-Iron; and I do hereby de-

clare the following to be a full, clear, and ex-
act description thereof, sufficient to enable
others skilled in the art to which said inven-
tionappertainsto make and usethesame.
An improved method of manufacturing

wrought-iron devised by me may be stated,

generally, to consist in subjecting a charge of
molten cast-ironin a pneumatic converter, hav-
Ing afire-brick, ganister, orlikesilicionslining,.
to the action of an air-blast, as in the usual
process of making Bessemer metal, the blow

- continuing for a short time—say for ten min-
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utes, more or less—until the objectionable im-
purities which the air-blast is adapted to re-
moveshall have been substantially eliminated,
or so far eliminated that the presence of the

. residue will not in subsequent working pre-
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vent the production of good iron. The metal
1sthen transferrred to a separate balling-cham-
ber having a basic lining, preferably of iron
oxide, and there exposed to a reverberatory
flame at the same time that the metal is me-

chanically agitated, for the purpose of bring-

ing it to ‘‘nature,”” and thus in condition to
form a ball or loop. As it leaves the con-
verter, the molten charge of iron is so far ad-
vanced to a wrought condition that only a few
minutes’ exposure in the balling-chamber-is
necessary to perfect the reduction ard allow
for the formation of the loop. It isplain that
this method is very expeditious in comparison
with the older methods of making wrought-
iron, and that, besides, it has the merit of work-
1Ing upon much larger masses of metal, insur-
ing great homogeneity for a larger product.
The practice of the process thus outlined is
attended with excellent results if the east-iron
under treatment be comparatively free from
phosphorus. Thisrequirement necessarily ex-
cludes a vast range of ores and pig metal from

~ utilization, which under the old methods of

making wrought-iron were entirely available
for the purpose. Any material percentage of

50 phosphorus present in the metal, to such ex-

tent, for instance, as would lead to the rejec-
tion of the iron in the ordinary Bessemer

method employing an acid - lining converter,
1s prejudicial also against its use for the pro-
duction of best wrought-iron by the process
stated. It is well understood that the action
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of theair-blastunder usual conditions upon the

charge of metal in a pneumatic converter hav-

ing an acid lining does not effect the removal

of the phosphorus, at least to any considerable

degree. The superior affinity of the silicon for
the oxygen of the air-blast causes such element
to oxidize and pass rapidly into the cinder
during the progress of the blow. Beginning

somewhat later and continuing longer, but in 6
‘more even manner and with less activity

at;
first, the carbon also oxidizes and disappears,
1ts substantial extinction as evidenced by the
fiame marking the conclusion of the blow.
The more 1nert phosphorus is not attacked by

‘the oxygen with any avidity until the silicon
hasin great measure burned away; or, at least,
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if attacked earlier and oxidized, it is speedily

displaced from its acid union with the ironin
the cinder by the silicic acid as produced,
and thus returns over and over again to the
body of the metal. Theintense heat resulting
from thecombustion of the silicon and carbon,
1t 18 understood,also seriously retards the pas-
sage of the phosphorus into the slag. From
these several causes, neither with the substan-
tial elimination of the silicon, nor later with
the substantial disappearance of the carbon,
hasthe phosphorus succeeded in escaping into
the slag, so that the transfer of the charge by
ladle or the like to the balling-chamber finds
this impurity in large part still retained. At

- such juncture it had been thought by me that
‘the charge might be dosed with dolomite or
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like basic material with considerable benefit, go

the additions being made either in the trans-
fer-ladle, the balling-chamber, or in both. So
far as the phosphorus retained in the charge
was or became oxidized to acid coadition the

presence of the basic addition in abundance g5

would furnish favorable chance for final reac-
tion and for entry of the phosphatic impurity
1nto the slag; but the close of the first stage of
the process in the pneumatic converter saw
the content of carbon in the metal reduced
nearly to a minimum. The fluidity of the

charge was thereby materially lessened, and
the addition of the dolomite at a compara-
| tively low temperature tended still farther to
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U diminish this floidity. | To whatever extent
11 Utheoxidationof the phosphorushad proceeded, |
' 1f any, when 'the charge left the converter, the
sluggish state of the metal both before fmd;
5 ‘more sensibly after the addition of the basic
dose would veryserionsly impede the reaction
between the phosphorie acid and the base.
Substauhrﬂly all of the phosphorus is, how-
1 ever, delayed in its permanent conversion to:
SEERRERERS fo acid eondition until the second stage of the
SEETEREEERTE process is reachied in the balling-chamber. '}
' The oxidation of the phosphorus: “there pro-
L ceeds %i;rmﬂtaéneoénsléyéwsiﬂi that of the remain- |

~ripgearbon. Thislatter element has, however,

g
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been alr mdy substantially: eliminated dmf'mga
i theblow! A brief exposurein the reverbera-:
o tory ﬂmnebufﬁces to reduce the carbon content:
0 to the desired minimum necessary for the pro-:
G dacetionof wrought-iron,
culminated and the puddled ball is in readi-
i mess to be withdrawn; ibut a considerable por-
 tionofthe pho'faphorm may havefailed of oxida-
- tion in the balling-ehamber, owing to theviseid
 gtate of the c.h‘wfre, and the difficulty in se-:
Ccuring proper exposure, or even 1f converted
to the racid | state, may for the same: reason
- have been unable: to react with the basic dose
- and ‘pass off' into the slag.  'Under: these sev-
eral impediments, notwithstanding the :dolo-
o mite addition, the! wrought metal produced :
imiust o sbill m‘tfun a hfwmful proportion : of

1 iphoesphatie impurity as a constituent element.:
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1 Whatever type of puddling-chambeér be' em-
1 ployed,whether the ordinary fixed reverbera-
tory hearth, @ revolving hearth, or a rotatory

baller of the Danks pattem, (which latter is
preferable,) the loose basie additions of dolo-
mite or the like furnished little or no protec-
tion to the iron-oxide lining against the at-
tacks of the remnant of silicon coming with
the charge into the balling-chamber. 5o far
as the surface of the lining is exposed to the
corrosive action of the silicic acid 1t must
wear gradually away, and cventually require
that the chamber be put out of service, al-
lowed to cool, the defective lining removed,
the chamber relined,and carefully reheated to
working condition, the whole entailing seri-
ous loss, delay, and expense in the operation
of the plant. Then, too, unless the converter-
cinder be carefully excluded from the charge
at the time of its transfer to the baller, the
oxidized silicon existing in the cinder and
coming with the chfu*ﬂe into the baller will
tend to unite with the dolomite or basic addi-
tion in advanece of the phosphori¢ aeid, thus
retarding the reaction of this latter, rendering
its removal still more uncertain, and necessi-
tating a greater abundance of the addition,
whlch on the other hand, by so much 1n-
creases the viscid condltlon of the metal.

My invention is therefore directed to such
modificationsintheprocessof making wrought-
iron,which, while retaining the n"eueml pla;n of
a plellmmary or first St‘we of treatment of the
cast metal 1n a pneulmmc converter having
an acid lining and asecond stage of treatment

“he process has then
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389,545

without the risk of any: mqteual degradation

to wrounght-iron, is: also . available for usc, in

Cmethod,

{ the phosphatie and other impu rities, and sub-

the metal is reduced to wrought condition to
form a ball or loop.

The invention also consists in certain im-
provements in detail of the process outlined,
the nature of which will fully appear from the
following description, and be thereafter dis-
tinetly pointed out in the claims at the con-
clusion thereof.

In the practice of the process thus defined
the molten iron 18 taken from the cupola,
blast-furnace, or other melting appliance, into
a converting-vessel of the usnal or of any suit-
able form and dimensions adapted to the prac-
tice of the pneumatic or Bessemer method of
reducing cast-iron. The converter may be of
the fixed type, or may turn upon trunnions, as
well understood, and the manner of charging
the same and of operating and controlling the
air-blast is in aceordance with that usnally
practiced. The converter 1s lined with {ire-
brick, ganister, or like acid lining, becausc
such lining is comparatively cheap and dura-
ble, although any other usual lining may serve
as well. Theblast of air,being injected through
the molten metal, soon begins to oxidize the
silicon associated therewith, and shortly after,
but with less intensity at first, to oxidize the
contained carbon. The use of the air-blastis
thus continued until the silicon, which 1s most
rapidly oxidized, has been 1in large part con-
verted into silicic acid, and, as a silicate, has
passed into the cinder. At this stage the

e aceomph%h the obje(,ts in mew Ehe m-;
vention consists in subjecting molten east-iron
ina pmumaﬂ:ic:eozlweerzt&ﬁ,@hm?img..;pmﬁ@mbw,ﬁ
fire-brick, ganister, or like acid lining, to the
action of an air-blast until the silicon is sub-:
stantially removed, sufficient carbon beingre-
tained to:preserve the desired finidity of the:
metal; then transferring the molten charge to g5 11
a separate furnace or balling-chamber having, 1
a chrome-iron-oxide or llhb inert and refrae- .
| tory lining and: suitable: basie reagents above: ..
the same to nourish the iron: and: umte with: 0
B CSoTN RN
jeeting said charge in such chamber toare- . 1
verberatory: ﬂ‘une:md to l}uddhlm actionuntil ..

| of the charge in a balling-chamberunderare- 1001
verberatory flame and puddling action,:is yeb: . . 00
;varzed so far as to permit: the use of hlghly PO
silicious and phosphatie pig metal, and to. . .
insure the substantial removal of these im- 0
épllrlmes without : the need of emplo ing the
uncertain loose additions: of .dolomite . and
IS
or eorrosion of the baller-lining.  The product.
obtained: by the modified: meLhod, although. . . .
reduced ordinarily by squeezing and: rothng .. ...
to the various shapesand merchant bars, u%uala
SO i

| the manufacbmf, of steel,more especiallybythe .. .. ... .. 1
| open- -hearth proeess. : The wrought metal, be-
ing low in its content: of: carbon. and praeti-
%ca“y free from phosphorus, 18 peculml]y fitted
to serve as the addition in tempemwthe hath .
- of east: n*mj fwcor-dmff te the “‘azemem "hhrtlng
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eliminat_ion: of the carbon is well advanced, | other support, is

although enough still remains in the charge to
preserve its fluidity, even when the tempera-

. ture 1s somewhat abated. |
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Thé point at which the greater part of the

silicon has become oxidized and passed into

the slag, and the point therefore when the de- |

siliconizing of the metal ceases to be power-
fully and effectively antagonistie to its dephos-
phorization, is indicated either by the charae-
ter of the slag produced or by the character of
the ame. In the former case the element of
the silicate of the protoxide of iron falls to at
least or below twenty per cent. of the slag.
In the latter case the flame abates somewhat
of its volume, keeping at the same time pro-
gressively toward a darker hue and becoming
purplish, which change the practiced eye of
the operator detects with great certainty.

Lither of these, but particularly the latter,be-
cause easlly available in the circumstances,

would mark the time when the blow should
be brought to a close. 1t is obvious that the

percentage limits stated must vary, because of
‘the difference in composition in the various
kinds of pig metal which may be treated. The

desiliconizing effect of the air-blast having pro-
ceeded to the extent stated, still retaining suffi-
clent carbon to insure the desired fluidity of
the metal, the blow is then completed and the
blast shut off from the vessel. The conditions

of the operation are now changed from those
requisite for desiliconizing metal to those ap-

propriate for its dephosphorization, to which
end the chargeis transferved from the convert-

1ng-vessel, by means of a ladle or other con-
venient device, into a reverberatory cham-

ber in readiness to receive the same, as here- :

Inafter described. In transferring the metal
care Is to be taken to exclude as much as pos-

- sible of the silicie cinder formed in the con-
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verter, and for the same reason it is preferred
to withdraw the metal from the transfer-ladle
through the bottom of the ladle after the man-
ner of casting ingots in the Bessemer process,
although a trunnion-ladle may be used, if de-

‘sired. The metal may run into a funnel or

spout, which is a part of the dephosphorizing
and balling chamber, and is delivered thereby
into the interior of the chamber., |

The balling chamber may be of any usualor
convenient construction, having either a fixed
or movable or revolving hearth, or, what is
preferable, may be a rotary baller of the Danks
pattern. Itismerely necessary that the cham-
ber shall be such as to admit a reverberatory

- flame over the charge and to permit the latter

to be puddled by band or mechanieally for the

- purpose of bringing it to nature. |
- In working the process upon a commercial

scale a series of balling-chambers may be eco-
nomically employed in conjunction with the
single converting-vessel. Hach of the rever-

‘beratory hearths or chambersis to be prepared

for the reception of the partially-converted
charge in substantially the following manner,

iron, although the chrome ore is preferred,
because of its resistance to the corrosive in-
fluence of the remnant of silicon present in the
charge. The chromeiron ore employed should,
preferably, contain at least thirty-seven to
thirty-eight per cent. of chrome oxide, and not
more than six per cent. of silicon in its composi-
tion. In the case of a rotary baller, the use
of which is preferable, an arch of the chrome
ore 18 turned over the entire inner surface of
the vessel, and in any event should be made
to cover all parts of the interior of the cham-
ber exposed to the metal bath. |
ore constituting the sub-lining should be
grouted at their joints with pulverized ore of
like composition, reduced to a thick mortar,
and rammed tightly into theinterstices. Ifnec-
essary,a small portion of suitable fire-clay may

| be added to the slip; but the use of this should

beavoided, if possible. The sub-lining thus ar-
rangedsubservesadouble purpose—furnishin

3

_ arranged a sub-lining of
chrome iron ore or other refractory ore of

The lumps of
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a wall refractory to the presence of heat and

resisting also the corrosive action of such rem-
nant of silicon as may have passed into the
baller. More especially is this true of the
chrome iron oxide, which, on this account, is
preferred in the construction of the sub-lining.
Above the sub-lining is spread a superficial or

~surface lining consisting of the oxides of 1ron,

eitherintheform ofsuitable ore or mill-cinder,
to which may be added pulverized dolomite
In more or less amount, according to the per-
centage of the phosphatic impurity existing in
the charge. The presence of the dolomite in-
creases the basic character of the surface-lin-
ing and supplies more bountifully a material
with which the phosphorie acid may unite
and pass into the slag. Good effects may be
produced by employing fifty parts of hema-
tite ore to twenty-five parts of mill-cinder and
twenty-five parts of dolomite. In making the
surface-lining, although it is evident that these
proportions may be varied at will, the dolo-
mite may beomitted entirelyif thre metal issub-
stantially free from phosphorus. The refrac-
tory chamber being suitably heated, the req-
uisite amount of superficial lining or fix is
spread upon the sub-lining, and in case of the
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rotary baller, when the fix shows signs of redue-

‘Ing under the heat, the baller is set slowly in

motion, and so continues until the superficial
lining or fix is evenly spread over the entire
surface exposed to the bath. Thus prepared,
the chamber is in readiness to receive the
charge from the transfer-ladle, which, being
delivered, is exposed to the powerful reduac-

Ing action of the reverberatory flame, and at
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the same time subjected to puddling action

necessary to expose the metal and to collect it
finally into a ball or loop. The time neces-
sary for the completion of this second stage of
treatment 1n the reverberatory hearth is brief,
but will vary according to the condition of the
metal in respéet both to the amouant of carbon

. viz: Upon a layer of fire-brick, fire-clay, or | still remaining therein and that of the phos-
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~ phorus. DBecause the carbon is retained fo a
“considerable extent, the flunidity of the charge
is thereby enhanced, so that the metal flows,
and is better exposed to the oxidizing influ- |
ence of the flame. TFor the same reason, the
~phosphoric acid as. produced reacts more
rapidly with the suarface-lining and esecapes

~into the slag before the reduction of the car-

 bon to the desired minimum 18 finally accom--
plished. The silicon, having been practically |
~eliminated in the first stage of the process un-
der its appropriate conditions, presents: no-
- obstacle to the speedy disappearance of the

IO

~ phosphorus under the favorable conditions

presented for the accomplishment of such ob--

" ject in the second stage of the process.  The

. remnant of silicon retained in the charge as.it
~ ¢comes into the balling-chamber quickly ecom-.
~ bines with the surface lining and passes into
the slag.  If sueh lining wears away, the
ehrome-iron-oxide sub:-lining beneath will not
- be attacked by the freesilicicacid, so that the
substantial wall of the chamber remains prac--

~tieally unaffected. It is thus manifest that
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the necessity for relining the balling-chamber, -
which was before requisite in treating highly

 silicious and phosphatic pig metal after a tew
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heats, is no longer required. The superficial
or fix lining may be easily :and cheaply re-
stored, and under the favorable condition pro-
vided in the balling-chamber furnishes ap-
‘propriate means for the complete climination
- of the phosphorus before the charge has been
finally reduced ‘to the condition of a puddle
ball or loop.  The loop produced is removed |

from the furnace in any convenicnt way, and
passes to the squeezer or hammer for the ex-
pulsion of the cinder, after which the muek-
bar may be rolled into merchant shape or
clipped up for the manufacture of open-hearth
steel, as desired.

Prior to my invention it had been proposed
to make steel or ingot-iron by a combination
of the Bescemer and open-hearth processes.
The molten pig-iron was blown 1n the convert-
ing-vessel, having ordinary silicon lining, un-
til nearly all of the silicon was removed, the
blast, preferably, being stopped two or three
minutes before the drop of the flame, The
charge was then transferred to a Siemens, Per-
not, or other open-hearth furnace, lined with
basic materials, (magnesian-lime bricks of G1l-
christ-Thomas type,) and furnished with loose
additions of limestone and iron oxide mixed.
Under exposure to the intense furnace-tlame
the charge was gradually converted, test por-
tions being drawn at intervals to determine
the condition of the ietal. Iinally, after
tapping off the slag, spiegel or lerro-mangas
nese was added, as well understood, and the
molten metal withdrawn from the furnace and
cast into Ingots.

The purpose of my invention is not to make
ingot-iron or steel, but to obtain wrought-
iron, which may be variously used as such in
the arts, or be employed as au additionin the
manufacture of open-hearth steel. The pro-
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duet obtained by me is not ingot-iron, but 18
used merely as an addition in the manufac-

| ture thercof, according to ‘the open-hearth

ure much less earbon remains in the charge

than is carefully designed by my treatment, to

0

By the older process above defined thecon-
verber-blast stops :some two or three minutes
hefore the drop of the flame, at which junct-

75,: )

insure the desired fluidity of the metal; at
the later stage the .intense heat of the open-
hearth furnace keeps the charge molten; the

exposure is long continued, test samples must.

be taken, the slag be removed, and spiegel or

ferro be added to complete the process; but
I with my invention no such conditions exist.

On leaving the converter sufficient carbon 1s
retained in the charge to preserve the fluidity
of the metal, and thus to promote its rapid
-dephosphorization. Uunder the puddling ae-
‘tionand flame the excess carbon, the phos-

phorus, and the silicon remnant quiekly dis-
appear. - As the content of carbon sinks, the

.(-)(j: |
‘metal becomes viscid, approaches the state of

nature, and gathers into a ball or loop dis- -

tinctive of wrought-iron.  There are no test .

“samples to be taken, no slag to be tapped, no
ferro addition to be made. The product 18
“squeezed and not east. [tis obtained in a few
ninutes, while the open-hearth mode requires

hours. The latter does not *‘ puddie’’ the

“iron, and the management of the flame is
“markedly different thercin, The lining of the
‘balling-furnace, deemed highly important in
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the comniercial sense andelifective insecuring

the prompt reactions without degradation,
differs also from that of the open-hearth
method. In product obtained, mode, and con-
ditions of treatment my invention i1s distinct-
ive and plainly distinguishes ivself from the
older process referred to. .

i I Having thus described my inveation, what I
claim as new, and desire to sccure by Letters
Patent, 18—

1. The process of making wrought-iron
which consists in subjecting molten cast-iron
in a pneumatic converter, having, preferably,
a fire-brick, ganister, or like acid lining, to the
action of an air blast until the silicon 18 sub-
stantially removed, sufficient carbon being re-
tained to insure the desired fluidity of the
metal, then transferring the charge to a sepa-

rate furnace or balling - chamber having a

chrome-iron-oxide or like inert and refractory
sub-lining and a surface lining or fix above
the same of suitable basic character to nourish
the iron and react with the phosphatic and
other impurities, and subjecting the charge in
such chamber to a reverberatory flame and to
puddling action until the metal 1s reduced to
wrought condition to form a ball or loop, sub-
stantially as described.

2. The process of making wrought - iron
which consists in subjecting molten cast-iron
in a pneumatic converter, having a fire-brick,
ganister, or like acid lining, to the action of an
air-blast until the silicon is substantially re-
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moved, sufficient carbon being retained to in- | ties, and subjecting the charge in such cham-
~ sure the desired fluidity of the metal, then | ber to a reverberatory flame and to puddling
- transferring the charge, practically freed from | action until the metal is reduced to wrought
the converter-cinder, to a separate furnace or | condition to form a ball or loop, substantially
5 balling-chamber having a chrome-iron-oxide | as described. |
sub-lining and a surface lining or fix above
the same, composed of mill-cinder or other
fusible iron oxide and dolomite combined in Witnesses: -
suitable proportions to nourish the iron and F. C. MALLET,
10 react with the phosphatic and other impuri- (GEORGE STEHLY.

LUCIUS D. CHAPIN.
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