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- To all whom it maly conceri:
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Be it known that I, CHARLES S. BRADLEY,
o citizen of the United States, residing: at

New York, in the county and State of New
York, have invented certain new and useful

Improvements in the Reduction of Iron and
other Metals from Their Ores, of which the
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following is a specification.

This invention relates to improvements in
the reduction of iron and other metals from
their ores; and the object of this inventionisto
offect such reduction by the interaction of the
ores without the intervention of a reducing-
blast such as is involved in the usual blast-
furnace operations. : _

Tt is knownéthat some metals, such as lead
and copper, can be reduced by fusing to-
gether suitable proportions of their oxids and
sulfids, the sulfur and oxygen of the ores com-
bining to form sulfur dioxid, which
while the metal from both kinds of ore re-

mains in substantially pure condition. Do
far as T know such a process has not been at-
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tempted in connection with iron or if at-
tempted has not been commerclally success-

The reaction required in the case oi oxid of
iron and sulfid of iron is endothermic, and the
requisite rate of supply of heat is so great
that it cannot be effected in & combustion-
furnace either by contact of a blast or by con-
duction. Moreover, the oxid and sulfid of
iron are so refractory that it would be 1m-
practicable to heat them by a blast sufh-
ciently
tainty of results.

My invention consists in tre ating the oxad
and sulfid of fron or similar refractory oxid
and sulfid oresin an electric furnace, the pro-

portion of the oxid and sulfid being such that

a portion of the sulfur will be eXpelTed and the
remainder taken up by the oxygen of the ore,
and nearly the whole of the iron or metal will
be freed in the metallic state. The processis

applicable to vthermetals of the iron group—

such as nickel, cobalt, and manganese.

In carrying out my invention 1 may use
any suitable oxid ores, such as hematite or
magnetite, and 1 may use the carbonate in
place of the oxid, it being understood that 1
the heat of the electric furnace the earbonic-
acid gas would pass off, leaving an oxid. For
the sulfid ingredient I may use pyrites or

other sulfid ore or waste pro ducts containing

passes ofl,

to induce this reaction with any cer-

rally

 iron sulfid. Some ores contain both oxid

and sulfid, and such are readily utilizable 1n
this process, enough being added of the defi-
cient ingredient to make up the proper rela-
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tive proportion. Waste products coritalning

partly roasted sulfid or sulfid together with
sulfate are also utilizable,
ing made for the proportions of oxygen pres-

60

due allowance be-

ent. The silica or other gangue assoclated '

with-the ores is converted to a slag and the
coalescence of the reduced metal facilitated by
the addition of a suitable fluxing material—
such, for instance, as limestone. -

~ The following is an example of the process:
Hematite and pyrites, both 1o pulverized or
crushed state, are mixed in the proportions,
say, of two of hematite to one, of pyrite, by
weight, and are placed with a sultable amount
of fluxing material in an electric furnace, and
o carrent of sufficient intensity and volume
passed through the mass to melt it and to
turnish the heat necessary for the reaction.

The temperature required to bring about.the
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reaction is considerably higher than is at- '

tained in the ordinary -iron
The precise temperature can not be definitely
stated, though
hood of 3,000° to 4,000° centigrade and pos-
sibly higher. After the mass has reached a
nolten condition the current is increased,
thereby raising the temperature. When the
temperature of the reaction Is attained, the

blast-furnace.

80

it is probably 1n the neighbor- -

charge boils violently with copious evolution

of fumes of S0,.

of from forty to seventy volts. The sulfuf
dioxid passes off and may be collected and
atilized for the manufacture of sulfuric acld,
or otherwise, and the iron from both ores col-
lects at the bottom of the furnace and may
be tapped out into suitable molds. - It will
be understood that carbon, manganese, Or

other agent may be added to the melted iron

to produce any desired quality of metal.
The current-terminals if of carbon will natu-

the metal appreciably. 1 pre-
for to use an alternating current in the fur-
nace, so that there is no resulting electrolytic
action. Instead of mixing the materials be-
fore heating one material may be heated

first and the other added while the heat 1s

be attacked to some extent, but will
| not carburize

| The current during this
boiling period is from three thousand to six
thousand four hundred amperes at a pressure
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| continued. By this means an-adjustment of
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resistance may be ohbtained, it being under-
stood that the ores are of widely-varying re-
sistance.

I'he reaction in case hematite and pyrites
are used 1s as follows: | |

FeS:+heat=FeS-+-S, -
3FBS+2F6203"$ 7F8+ 3802

In case of other materials than iron the
process would be carried out in similar man-
ner; but it will be understood that it is not
applicable to metals which are volatile at the

tenperatures which would exist in the elec-

tric furnace even out of proximity to the

15 electrodes. This excludes not only metals
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such as copper and lead, which are, mMoreover,
readily reducible by ordinary heating means.
1t 1s of course applicable to the production of
alloys of such metals.
can be obtained by melting an oxid of chro-
mium with a sulfid of iron or generally a
mixture of ores of diffei .nt metals of the iron
or chromium groups or complex ores of such
groups, suchaspyrrhotite, may be used to give
any desired alloy. - |
Having thus described my invention, the

following is what I claim as new therein and

desire to secure by Letters Pa ot
1. The process of refining ores of a metal
of the iron group, which consists in heating

to a temperature above that obtained in |

combustion-furnaces, the sulfid and oxid of
the same metal together in an electric fur-

nace, in such proportions that 8 portion-of |

Thus a chrome-iron
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the sulfur will be expelled and the remainder

will be taken up by the oxyeen of the ore.
2. The process of reducing the oxid and
sulfid of a metal of the iron group, which con-

| sists in_heating to a temperature above that

of combustion-furnaces, the oxid and sulfid
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of the same metal by an electric current .

passed through the same, uatil they react to

liberate sulfur, and form sulfur dioxid and
{ree metal.

3. The process of feducing the oxid and
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~sulfid of iron, which consists in heating to a

temperature above that of combustion-fur-

naces said oxid and sulfid and a fluxing ma-

‘terial In an electric furnace, until they melt

and react to liberate sulfur, and form sulfur
dioxid and free iron. ~ -

4. "The process of reducing ores of metals

of the iron group, which consists in heating

1n the electric furnace an oxygen-bearing ore

of said group with a sulfur-bearing ore of said
group together with a fluxing material to a
temperature above that of combustion-fur-

naces, thereby freeing the metal of both
kinds of ore. - - "

5. The herein-described process which con-

of the metal of the iron group and a sulfid of
the same metal, and separately collecting the
resulting sulfur dioxid and free metal.
' CHARLES S. BRADLEY.
Witnesses: | ' | -
Harry E. Knr1gur,
J. GREEN. |
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sists in heating in the electric furnace an oxid
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