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To all whom vt may concern: |

Be it known that I, A, K. EATON, of New
Yorlk, in the county of New York and State of
New York, have invented a new and useful
Improvement in Decarbonizing Uast-Iron and
Deoxidizing Iron Ore; and I do hereby de-
clare that the following is a full and exact de-
- seription thereof, reference being had to the
accompanying drawings, and to the letters of
reference marked thereon.

My invention consists in decarbonizing cast-
iron by means of carbonic acid, and deoxidiz-
ing iron ore by means of the carbonic oxide
thus produaced. - |
- In fully describing the character and limits

of this invention it becomes necessary to al-
lude to LettersPatent previously issued to me
for kindred purposes, as they form a part of
the history of thisimprovement, 1In 1357 Liet-
ters Patent were issued to me for the manu-
facture of malleable-iron eastings by packing
‘cast-iron in the oxide or carbonate of zincand
- exposing to a high heat. In my preliminary
experiments of the previous year, I demon-
strated not only the decarbonizing action of

oxide of zine and its carbonate, but also of |

soda and its carbonate, but failed to recognize
the fact that the carbonic acid of these com-
pounds was instrumental in the decarboniza-
tion effected, attributing 1t wholly to the action
of the oxides. The use of soda proved objec-
tionable in the malleable-iron process, but af-
terward proved of essential importance in the
decarbonization of cast-iron for the purpose of
manufacturing steel,for which application Let-
ters Patent were issued to me during the pres-
ent year. This process, consisting inits most
available modification in the use of a bath of
melted carbonate of soda into which plates,
bars, or other forms of cast-iron were intro-
duced and exposed to long-continued heat,
really involved the decarbonizing action of car-
bonic acid; but this fact was not recognized
at the time, nor was it claimed in the patent.
The application of the process subsequently on
a larger scale demonstrated that while the
simple hydrate of soda would decarbonize cast-
iron the carbonate would act with much greater
efficiency. Thisresultpointed tocarbonicacid

| for producing steel from cast-iron.

-

| as the probable cause of the diserepancy, and,

to leave no doubt with regard to it, experi-
mentswereinstituted which demonstrated that
carbonic acid of itself would decarbonize thor-.
oughly. Indeed, it was proved that carbonic -
acid'is the most efficient available agent for
the decarbonization of iron in its solid condi-
tion, and that it was only for the purpose of
removing impurities, sulphur, phosphorus,and
silica that soda was essential in the steel pro-
cess. The application of this discovery gives
me a new and improved method of manuafac-
turing malleable iron and modifies my process
I will first
describe the principal mode of applyingit to
the production of malleable-iron castings.

The iron is packed in an iron, fire-clay, or
other receptacle, mounted like a gas-retort, tor
example. The castings should occupy only
the hottest portion of the retort. Into the
mouth, which is to be kept much cooler than
the body of the retort, I introduce the requisite
amount of carbonate of lime in-the form of
chalk, bits of marble, common limestone, or
whatever form of said carbonate can be most
readily obtained. The retort thus charged
and closed at the mouth is exposed to a high
heat. It is essential, however, to avoid too
oreat an elevation of temperature at the mouth
in order to prevent too rapid an evolution ot
carbonic acid. This gas, as it is expelled by
heat from the carbonate of lime, comes imme-
diately in contact with the highly-heated cast-’
ings and rapidly removes carbon therefrom.
About twenty-five pounds of carbonate of lime
should be used to decarbonize one hundred
pounds of cast-iron, except when oxide ofiron
is present with the castings. L'he retort may
be set perpendicularly, if preferred. The lime-
stone may be introduced at intervals in small
quantities, if desirable. A smalltube connected
with the rear end of the retort from which the
carbonic oxide can be burned as it issues will
enable the operator to note the progress of
the decarbonization.

Owing to the tendency of the more delicate
castings to become bent by their own pressure
upon each other when in a mass and at a heat
that renders them soft, it will be necessary 1o




pack them in some coarsely-powdered sub-
stance not injurious to the castings. Crushed
himestone 1tself may be made use of, in which
case some decarbonizing effect will be pro-
duced by its own carbonic acid; but as the
temperature of the iron when at the most ad-
vantageous heat 1s so high as to expel car-
bonic acid rapidly, that contained in the pack-
1ng would be only partially available.  Oxide
of iron—such as is used in the ordinary mal-
leable-iron process as packing—may be used
for this purpose with peculiar advantage on
account of the reaction that takes place be-
tween it and the carbonic oxide produced by
the action of the carbonic acid upon the
iron. Carbonic oxide readily takes up oxy-
gen from highly - heated oxide of iron, and
thereby becomes carbonic acid. Thus in the
presence of both cast-iron and oxide of
- 1ron, at a high heat, carbonic acid is first
decomposed by the carbon of the cast-iron
and immediately reproduced twofold by the
oxygen of the oxide-of-iron packing, and is
again decomposed with double its original de-
carbonizing effect. The reactions may be thus

represented, assuming that the cast-iron acted .

upon, though not a definite chemical com-
pound, may be represented by Ife;C : First re-
6CO

aetion, 3CO 3F90={ : Second reac- |- : : :
ction, COx+- 8 24 Fe? SC d reac | so effective as a reducing agent as carbonic

tion, 6C0O4-2IFe, 0, = { g(ﬁ%’*——i. e.,threeequiv-
alents of carbonic acid (3C0O,) decarbonizing
three equivalents of the assumed compound of
carbon and Iron, (3Ifeg(,) and the result is six
equivalents of carbon oxide (6CO) and three
equivalents of I'eg, or twenty-four equivalents
of malleableiron, (24Fe.) By contact with two
equivalents of peroxide of iron (2Fe,0,) the six
equivalents of carbonic oxide become six of
carbonie acid, (6C0O,,) and four equivalents of
iron (4I'e) are reduced from the oxide. These
six equivalents of carbonic acid thus repro-
duced act, of course, upon twice the amount of
cast-iron that the original three decarbonized.
Thus the carbonie acid increases in a geomet-
rical ratio as the reactions continue. To sim-

plity the statement, sixty-six pounds of car-

- bonie acid, (3C0,,) acting but once—i. e., upon
iron not packed in oxide of iron—would decar-
bonize six bundred and ninety pounds of cast-
iron, (3lfegC); butif broughtin contact with one
hundred and sixty pounds of peroxide-of-iron
packing, (2I'e;0;,) one hundred and thirty-two
pounds of carbonic acid (6CO,) would be gen-
erated. It will be seen at once that the seec-
ond action of this carbonie acid will involve
the - decarbonization of twice the original
amount of cast-iron. Hence the importance of
peroxide of iron as a means of packing cast-
iron when it is to be made malleable by means

of carbonic acid. Carbonic acid may be ob-

tained for this purpose from carbonate of lime
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| tion, but that generated by heat is the most

economical. . |

In accordance with the principle demon-
strated by this discovery with regard to the
action of carbonic acid, the .soda process for
the manufacture of steel is modified, as fol-
lows: first, by using, instead of the simple
carbonate of soda, the bicarbonate; second,
by passing through or over the bath of melted
soda containing the cast-iron which is being
decarbonized a current of free carbonic acid,
in order that the soda may be recarbonated
as fast as its carbonic acid is decomposed by
the cast-iron.

By this method the amount of soda required
would be much less than that required by the
original process. I make use of common salt
in connection with soda to obviate the neces-
sify of so large a bulk of the latter as would
otherwise be required. |

Another valuable improvement resulting
from the use of carbonic acid in decarboniz-
ing cast-iron consists in the ability to produce
another valuable product in the act of repro-
ducing carbonic acid—viz., malleable iron di-
rectly from the native oxides of iron.

The reduction of iron ores directly to mal-

leable iron has long been a subject of inves-

tigation. I believe that nothing has proved
oxide; but serious difficulties have arisen in
connection with its production and reproduc-
tion. The present process for the conversion
of cast-iron to malleable iron supplies con-
tinually the material for the reduction of the
native ores—i. ¢., carbonic oxide—and. the re-
duction of the ores necessarily involves the
return of a double supply of decarbonizing
material, (carbonic acid,) as we hhve seen in -
the reactions that take place in a retort con-
taining cast-iron packed in peroxide of iron.
In the case now under consideration the car-
bonic acid should first pass over the iron cast-

-ings, and, having become reduced to carbonic

oxide, pass thence into a chamber containing
the ore to be reduced. IFrom this chamber it
should pass (having become double its origi-

‘nal volume of carbonic acid)into a second re-

tort contalning cast-iron, and so continue ad
libitum, producing malleable iron alternately
from cast-iron and from the ores. The same
series of changes may be connected with the
retorts for making steel. A small volume of
carbonic acid may thus be made to do an al-
most unlimited amount of work.

The use of carbonic acid as a decarboniz-
ing agent is not limited to its action upon iron
in & solid form. If a current of this gas be
forced through melted iron or over its surface,
1t separates carbon much more rapidly than

1{rom solid iron,and thus malleable iron orsteel

may be produced.
I do not herein claim the use of the alkaline

or other carbonates by chemical decomposi- | carbonates, so far astheyincidentally generate
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carbonic acid, in the process above referred
to as previously patented by me; but
- What I elaimm, and wish to secure by Let-
ters Patent of the United States, is—

1. The use of carbonic acid for the purpose
of removing carbon from east-iron in the pro-
duction of malleable iron or steel, substan-
tially as herein specified.

——

R

2. The use, in combination with the decar-
bonizing processes, of the carbonic oxide gen-
erated by such processes in the reduaction of

- Iron ore, substantially -as herein deseribed.

A, K. EATON,
Witnesses: | |
EpMm. I, BROWN,
DANIEL BREED.
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