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JACOB REESE, OF PITTSBURCG, PENNS YLVANIA,
Tetters Patent No, 65,880, dutet June 18, 1887,

TMPROVED PROCESS OF REFINING IRON, STEEL, AND OTHER METALS.

-

The Schevnle roferrsd fo -t fhese Letters Patent and aaking pavt of the same.

TO ALL WHOM IT MAY CONCERX:

Be it known that [, Jacos Reess, of the city of Pittsburg, in the county of Allegheny, and State of Penn—
sylvania, have invented & new and useful improvement in the Process of Reﬁnmn Iron, Steel, and other Metuls'
and I do hereby declare the following to be a full, clear, and exact description the1 eof.

My invention consists in cerfain improvements in the process of refining iron or steel, and may be applied
to the ordinary refinery fire or other furnaces or refining-chambers, and douz not necessarily involve the use of
any apparatus of novel conetmctlon or any material '11temhon in the furnaces heretofore employed for the
refinery process.

These improvements, which constxtutc iny invention are, first, the use of a bath or layer of melted oude_ .
of iron in the chamber of the refinery fire, between the fucl which floats on the surface and the melted metal ]
which lies below it, for the purpose, chiefly, of preventing the carbon of the fuel uniting with the metal to be
refined; second, the use, in the process of refining. iron.ov steel, of hydrogen in a gascous state, or combined.
with carbon as a fluid hydrocarbon, for the purpose of dscarbonizing the metal and removing the sulphur and
phosphorus which may be combined with it.

The first-mentioned improvement is designcd to be used where coke or othel fael is cmplo;"cd in the pro-
cess of refining, and may be employed in combination with the use of hydrogen as a decarbonizing and purlfyuw’
agent, or “hen oxygen-or atmospheric blast is resorted to for that purpose. The second improvement is apph-
cnblc to the process of refining either with or without scparate fuel, and wmay be advantageously employed, in
combination with the use of atmosphcuc ajr, for decarbonizing and purifving the metal.

The old refinery or run-out fires are made with brick or stono bottoms. the chamber being formed of cast
iron, water boshes forming three sided, and enclosed-on the further side by o dam-plate.  Two ur three inyeres
are placed on cach side, projecting downwards over the tops of the boshcs, communicating with blast pipes to
force atmospheric air into the melted metal. The chamber being first heated with a fire of coke or coal placed
therein, the melted metal is run into the refinery from the blast. fulnace, and the heat being kept up by the fuel;’
{coke,) the metal is exposed to a blast of atmospheric air for about two hours, after whlch it is run out into
moulds and cooled with water. This process causes a great waste of iren, owing to the long-continued action
of the oxygen on the mictal,-rendered nccessary by the constant acecession of carbon to theiren, from the fuel
with which it is in immediate contact. Although, by this process, the iron is ultimately deprived of nearly all
of its earbon, (which it received in the blast-furnace,) yet the loss by oxidation is about twenty per cent. of the
metal. To obviate this waste the pneumatic process was adopted, which consists in running the iron into a
chamber, and there without the use of separate fuel, blowing blasts of air, cither hot or cold up and through
the hquld iron; the oxygen in the air combining with the carbon in’ the iron, causing a greatly increased heat
and boiling in the metal, thus decarbonizing the iron. In this process the-carbon in the metal serves as fuel to
the oxygen of the blast and greatly expedites the operation, but still there is a considerable waste by oxidation,
amounting to about twelve per cent. in removing five per cent. of carbon. ' -

My improvement is designed to obviate this loss of iron by the use of a bath of melted oxide of iron in the
following manner: When the refinery is ready, the coke or other fucl is put in and lighted, and the blast being
applied, the furnace is thoroughly heated. The metal to be refined, having been melted in & cupola or air fur-
nace, is run into the chamber of the reﬁncxy Melted oxide of iron is then run in until it lies to the depth of
ten or twelve inclies on top of the melted iron, being of less specific gravity; and the coke, being still lighted,
floats on top of the melted oxide. The mouths of t]lL tuyeres being about on g level with the top of the meluc&.
iron, and below the surface of the oxide, the blast enters the mass of metal, and uniting with the carbon decar-

"bonizes it'and caases a violent agitation. This ebullition resnlts in the admixtare of some of the melted oxide
with the mass of iron, whiclr has the effect of scouring it and removing such earthy or metallic impurities as
may be mechanically admixed with the metal. The melted oxide, which separates the fuel from the iron, serves
to protect it effectually from admixture with the earbon of the fuel, so that the benefits of the heat caused by
the fuel are secured without the deleterious effect of the constant carbonizing of the metal resulting from the
presence of the fuel, when not thus separated from the metal. It is true that the carbon in the ‘metal is suf-
fieient to keep up a great Leat, while the oxygen of the air is'passing through it, without the use of other fuel,
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but sa soon as the carbof is 'elimi_naied or burned out the fuel is gone, and the metal at once bcgiﬁs to chill, a0
that it is necessary at orice to run it out of the chamber or vessel in-which it has been treated by the pneu-.

matic process. By my improvemeat, however, I'am enabied, by means of the coke on tep of the bath of melted
nxide, to keep up the heat in the iron after the carbon has.been removed for the purpose of treéating the iron
with carbide of iron or otherwise, in order to produce the required degree of carbonization for the grade of steel
to be manufaciured, or for the further refining of the metal;. it being important to the quality of the steel that the
c.arbide inﬁroduéed after the decarbonization has been cffected should form o ¢hemical combination, and not a
mere mechanical union with the iron, as is apt to be the case where separate fuel is not employed.

In the various processes of refining iron or steel heretofore in use, oxygen is employed as the angent for
producing the decessary decarbonization. I propose, however; to use, cither in place of the oxygen or in combi-
nation with it, hydrogen, which I have found to possess several advantages peculiar to- itself. © Oxygen is, in
ifself, the cheapest clement which can he used, owing to its presence in atmospheric air; but its strong affinity
for iren renders its use a source of great waste. Hydrogen, on the other hand, possesses the nccessary affinity
for earbon to render it an officient agent for decarbonizing.iron, while it has little or no affinity for the iron,
and producesno injurious effect on that metal; it is also poculiarly adapted to the refining of iron ihich con-
tains sulphur and phosphorus, by its affinity for those substances. The pheumatic process of refining'iron before
referrad to,-dspending, as it does, on the use of oxygen, will not remove these imparities (sulphur and phospho-
ris) from the metal. If the phosphorus be combined with the iron ore as phosphate of lime it will pass off in the
slag of the blast-furnace, but if present as phosphoric acid, the action of the blast-furnace is to cause it to com-
bine with the metal as.a phosphuret. . Now, as oxygen has a much larger affinity for iron at 8,000° Fahrenheit,
(the working point of iren,) than it has for phosphorus, it would be necessary to oxidizs all the iron before the
Shogphorus would be eliminatéd, and thus it arises that steel made by the pnetmatic process-contains as much
phosphorus afser treatment as before. "If, howevet, hiydrogen be used for the decarbonization of the metal, having
no affinity for the iron, it combines freely with the phosphorus, forming by chemical union P. Hy, passing off
g phosphuretted hydrogen. Although sulphur sublimes at 170° Fahrenheit, the maximum temperature at which
it vaporizes is about 185° Fahrenlheit, so that at the heat of melted iren or steel it will not pass off. as vapor;
its affinity for oxygen also diminishes as the temperature increases above 170° Fahreuheit, so that at 3,000°
Fahreaheit to 5,000° Fahrenheit it.is impossible to separate it from the iron by means of oxygen. Hydrogen,
however, unites with sulphur-at a high temperature, forming a chemical union as 8. H, and passed of from ghe
iron as sulphuretted hydrogen. _ ' , , _ '

Thus, it happens that hydrogen, when applied-to the refining of iron or steel, carries off from it two of the
foreign substances which ave most injurious to the steel, and which it is almost impossible to remove by the use
"6f the pneumatic’ process. In using hydrogen as the agent for decarbonizing and refining molten cast iron or
steel, T employ the refinery fire before described, together with the bath of oxide, blowing hydrogen gas or the
vapor.of hydrocarbon fluid, suck as petroleum, benzole, and gasoline, into the melted metal through the tuyeres
in-the same manner as already deseribed in reference to the nse of an atmospherie blast. . In this case the fuél on
top of the melted oxide seryes to keep.up the requisite heat, the hydrogen unites with the carbon of the metal and
carries it off burning, when it reaches the coke above the oxide bath. It also unites with and eliminates the sul-
‘phur‘and phosphorus, thus ridding" the metal of .these injurious elements; while the bath of oxide prevents the
_earbon of the fuel from uniting with the metal, and retarding the process of decarbonization. :

It this process, and that before described, the only change needed in the construction of the refinery fur-
nace is%o inciease the “depth of boshes so as to accommodate the bath of oxide without reducing the working
‘capacity of ‘the furnace, .

The hydrogen to be used for my process may. be. procured in any ordinary or convenient method.. As.e
hydrocarbon vaper: smswers “thic purpose very ‘well, the well-known hydrocarbons before mentioned may be

conveniently antl éconvmically employed. The light hydrocarbons, benzole and gasoline, are extremely cheap,
and-the-lighter the grade of hydrocarbon the-larger proportion of hydrogen.it contains, so that by choosing the
lighter ‘or.heavier oils, or hydrocarbon finids produced from petroleum, the required proportion of earben and
hydrogen may be secured. The quantity of hydroget required for any specified charge of metal of known guality
may be ascertained with sufficient acenracy as follows: Suppose a charge of ten thousand pounds of metal con-
taining.five per cent. or five hundred pounds carben, one per cent. or oue hundred pounds sulphur, oune-half per
cent.-or fifty pounds phosphorus. Naw, as one atom of hydrogen unites with six atoms of carbon, or with six-
teen ntoms of sulphur, ér with thirty-one atoms of phosphorus, forming respectively carburctted hydrogen,
sulphuretted hydrogen, @nd phosphuretted -hydrogen, the entire.charge would theoretically require, for five
hundred pounds carbon, eighty-thiree and one-half pounds hydrogen; for one hundred pounds'sulphur, six and
one-tuarter poundskiydrogen; for fifty pounds phosphorus, five pounds hydrogen,equal to ninety-four and three-
gaartér pounds hydrogen,-or -about twenty pounds of hydrogen to each ton of metal; but as in practice the
hydrogen cenpot be all utilized, it is better-to provide for fifty pounds of hydrogen to each ton of iron. The
hydrogen may be conveniently. applied in the form of hydrocarbon vapor, by vaporizing the light hydrocarbon
fuids before mentioned, or otherwise, as may be desired; it being safer not to use the liquid hydrocarhons with-
out svaporization, as the en‘qrmoué expansion on being suddenly exposed to so high a heat wight be attended
with dangerous results. ’ . )
1 have deseribed the usé of my oxide bath in a refinery furnace in connection with a'blast of atmospherie
air, and also with a blast of hydrogen or of hydrocarbon vapor; but as both atmospheric air and hydrogen or
hydrocarbon vapor or gas may be cmployed with a refinery at the same time, L will proceed to explain the nran-
net ofystch usd, ' o
The refinery being heated as before deseribed with coke, and the blast of aiv turned on, the meited metal
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ig run in from the cupola, and then the melien pxide ig introduced until it Jiesto the depth of ten or 4welve -
“inches between the coke snd iron, ~ Tho blast of*atmesphieric air causes & violent agitation of the metal, mixing
‘n'part of the melted oxide with'the mass, but not permitting the carbon of the fuel to reach the iron below the
. _oxide. While the process of-decarbonizng is- pragressing, say in ten minutes or so after the commencement,
‘s stream of hydrogen, as-a gas, or of hydrocarbon vapor is introdue=d into the metal through the same or other:
tayeres. The effect of this is that while the oxygen is removing the-earbon from the metal; the hydrogen
removes the sulphor aud phosphorus:as beforo described and by. thejr joint sotion the metal is refined, purified,
and:reduced from ‘erude cast iron to.cast steél. ‘After the operation has been continued for the space of thirty.
or ferty minutes the violert agitation .ceases; and if semi-steel is required the metal is immediately tapped out
“into suitable moulds, care being taken to stop the flow as soor. as the metal ceases and the oxide begins to-appear, .
by olosing tlie tap hole. " Tho'oxide rénainiing in the furnace will #nawer for several heats: When hydrogénis
‘emaployed as the purifying ‘agent, some fuel, as coke, must be employed, but.when oxXygzen is also used in-con- "~
. jungtion with the hydrogen; my process of ‘decarbonizing and purifying iron by hydrogen may bé successfully - -
_snd advantageously employed without other:fuel than that sapplied by the eatbor in the iron. Inthis case the -
separate chamber may be resorted t¢ and the refinery firo dispensed wish, snd the smount of hydrogen necessary
for the process will be ‘considerably diminished; as its chief purpose, when . used with oxygen, is to remove the
sulphur ond phosphorus from the iron. . = o . : o
.- Having thus deseribed my improved process for refining iron and steel, I do not claim the use of 4 blast of
- antmospheric air in a refiring farnace with coal or coke as fuel, ag that is an old and well-known method.
Noither do I cleim refining iron. or steel in 2 furnace with & blast of atmospheric air without the-use of
additional fuel, known as the pneumatic ‘process. o o o N
" Nor do I now claim & patent for the use of hydrogen gas or liquid hydrocarbons for the deoxidizing of
metallic oxides in a molten condition, as I have previously obtained Letters Patent therefor. S
" But what I do claim as my invention, and desire to secure by Letters Patent, is— ,

1 Refining iron, steel; and other metals, by means of a blast of atmospheric  aiv or other. decarbonizing .
blast in a refinery or furnace heated with coke or other carbonaceous fuel, when a layer of metallic oxides is
interposed between the fuel and the metal under trestment, for the purposes hereinbefore set forth.

2. The use of & covering of metallic oxide for protecting metals from the influence of earbon, substantially
as hereinbefore described. . S ' T oo : v ) .

8. The use of hydrocarbon ‘liquid, vapor, or-gas, in the process of refining iron or steel, in the manner-
gubstantially as hereinbefore described. ) o o o o

""" 4. The use of a hydrocarbon liguid, vapor, or gas, for the purpose of removing sulphur and. phosphorus, or .
either of them, from irom, steel, or other metals in the process of refining, substantially as hereinbefore
described. : : ' . : o o
_ In testimony whereof I, the said JapoB REESE, have hereanto 'set'my hand in presence of— 1 -
: : : o o JACOB REESE.

Witnesses:
A. 8. N1¢cBOLSOX,
Geo. H. CHRISTY.




