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~ furnace can be overcome and greatly im-
~ proved results obtained by using as conduct-
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To all whmn it may conceri:

Be it known that I, EDWARD GOODRICH‘

ACHESON, ‘a citizen of the United States, re-
siding at Buf[“alo in the county of Erie, State
of New York, Ira.ve invented certain new and

“useful Impr ovementg in Metallurgical Proc-
¢sses, of which the followmfr IS a speuﬁca-:

tion. -

My invention IeIates to metallurgical proe-
esses,
produchon of pure metals, carbids, and other
chemical compounds that : are produeed in an

electrie furnace in which carbon is used asa
or combining agent;

conducting, reducing
and it has for its ob]ect to provide a process

or method of cheaply and practically produc-
Ing pure metals, carbids, alloys, and other

chemical compoundsand products,andit may

be said to consist, generally stated, in the use
I educmg, or com--

of graphite asa conducting,
bining agent when a,ssocmted with the me-
tallic ore to be reduced or other substanees
or compounds to be operated upon.

Efforts heretofore made for the p:actleal
direct production of pure productsin an elec-
tric furnace—as, for example, metals like
silicon—or for the production of pure com-

- pounds—as, for example, carbids of cal-
| cium—have proved failures, owing, among
other things, to difficulty in eﬁ?eetmﬂ' the re-
~ duetion and also to the 1ntr0duct10n into
- the finished product of impurities contained
in the carbon used as aconducting, reducing,

or combining agent, or to carbon 1tself, re-
sulting in the formatlon of impure nroducts.
1 have diseovered that the above d1mcultles
attending the reducing action in the electric

ing, combining, and reducing a,ﬂ'entgraphlte,
and prefembly graphite Wthh has been pro-
duced by the electric furnace. In this proe-

ess I utilize not only the purity and high
electrical and thermal conductivity of o'laph-

ite, but I have discovered that its softness

~ and divisibility give it a peculiar property
- of being brouaht o an extremely effective
' dlstrlbutwn w1bh the ore or other substance
Its high electrical con--
‘ductivity facilitates the passage of sufficient
eurrent to produce the desired reactions.

to be operated upon.

Its
high thermal eond uctlwty facilitates the con-

and more particularly those for the

] dnctlon of he&t hrounhout the mass of 016'
or other substances Wlth which it is mixed,
1 and its softness and. divisibility facilitate 1t3'

distribution throughount the mass of ore or

other substance Wlth which i1t i1s mixed and
permit the fullest utilization of the graphite
as an electrical and ther mal conduetor and

reduelnﬂ' agent.

I have found that when an ore such asgran u-_ -
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lated silica and amorphous .carbon in an
amountsufficientfor the reduction of suchore -
aremixedin the mannerandtotheextentordi-.

narily praeticed in making a mixture of said

materials the mixture is practically non-con-

ductive for currents as ordinarily used for
metallurgical work, and even after a pro-
longed or thorouwh mixture its electrical
eonductlvltyls not sufficiently high for prac-
lical operation in the process of eleetmca,l re-
duction of the ore.
ite 1s substituted for the amorphouq carbon,

owing to its high conductivity, softness, and
| d1v131b111ty it can be so mixed with the ore
or other material as to furnish the properand

desired degree of electric conductivity, and

owing to the softness and divisibility of the.

graphite during the process of mixing it with

the gran ula,ted ore the particles of ore_'b'ecom_e.
wholly or partially coated with the graphite,

‘When, however, graph-
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and good electrical condnctivity.is established
thlom'hout the mass with all the particles
thereof by reason of this surface coating of

the particles of the ore. Inorderto get this
pﬂ,rtlal or complete coating of the partlcles of

ore, 1t 18 necessary to thoroughly mix the par-
ticles of ore and graphite, and this is prefer--
ably aecomphqhed by a tumbling or rubbing .

process, and the increase of conductwwy and

successful resnltant reducing operation de-
‘pend largely upon the thoroun*hness with
which the graphite is coated or snread upon

thesurface of the particles of ore. Thuseven
when the particles of ore are mixed with

‘graphite in the manner and to the extent or-.
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dinarily practiced in making a mixtare I have

found that the electrical resmtan Ce 1S excess-
ively high, so as to practically inhibit the
use of the electric current in reducing the
ore, but on continuing the mixing and rub-
bmfr process, so that the parmeles of ore 'be-

100

‘come partially or wholly coated with the o
i t:,r'a;pahlte,, the electrlcal remsta,nce of the mass-
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graphite.

is reduced until its conduectivity is so far in-
creased as to permit of the successful opera-

tion of the reduction with electric currents

as ordinarily used in electrometallurgical
processes. Ifor the application of myinven-
tion Ireduce the ore and graphite to partieles,
pretferably to small particles or powder, plac-
ing the desired amount of each in a suitable
tumbling barrel or mixer and mixing the
same, thus to a greater or less extent coating
or varnishing the ore particles with the soft
_ The mixture of ore and graphite
is then introduced into an electric furnace,
where it is subjected to a temperature suf-
ficient to cause the desired reactions—as, for

instance, the reduction of the ore and the lib- |

eration of the metal. While any kind of suit-
able furnace may be used, a direct-acting fur-

nace, wherein the charge to be operated upon

i1s placed or caused to pass directly between

the electrodes and in which the current passes

through the charge, is more desirable.
Graphite made in the electric furnace has
the advantage of great purity, sometimes con-
talning as low as 0.033 per centum of ash,
having the eapacity, owing to its soft nature
and divisibility, of being brought into very
intimate contact with the ore and also pos-
sessing extremely high electric and thermal
conductivity, having nsually more than twice
the conductivity of the best conducting
amorphous carbon. High electrical conduc-
tivity is of first importance—for example,
when the metal on being freed from the ore
combines with any free carbon or other ele-
ment present to form carbids, alloys, or im-
pure metal and it is desired to obtain a pure
metal—forinstance, in reducing silica for the
production of pure silicon. In making pure
elementary substances—such, for example,
as stlicon—by direct reduction it is essential
that the contents of the furnace consist solely
of the pure ore or silica and carbon in an
amount not greater than necessary for the re-
duction. Such a mixture of silica and carbon

‘1n the amorphous condition is an extremely

poor conductor of electricity, and for this
reasonit is impracticable to make pure silicon
when the amorphous carbon is used. When
graphite, however, is used for this purpose
and 18 mixed with thesilicain a like amount
and in the manner above indicated, I have

disecovered that a good conductivity is ob-

tained and a successful and practicable op-
eration can be performed.

A good illustration of the value and appli-
cation of my inventionis in the reduction of
those ores, such as silica and alumina, which
are difficult of reduction and from which it
has not been heretofore practicable to ex-
tract the metal directly in a pure state.

All four of the qualities belonging to
graphite and above mentioned—purity, elec-
trical conductivity, thermal conductivity,
and capacity of coating or being spread over
the surface of the particles with which it is
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| rity is essential, as it is well known that the

l

presence of a very small percentage of other

elements will frequently make metals worth-
less. Capacity for intimate mixture and
coating of the ore to be reduced is of great
importance, as is also high electrical conduc-
tivity of the reducing-carbon, for on it must
be placed the burden of conducting the elec-
tric current, and usually an excess of this
carbon over that necessary for the reduction
1S not permissible, as a carbid of the metal
would be produced or the excess of carbon
would . enter as an impurity in the metal.
High thermal eonductivity is desirable, as it
facilitatesthedistribution of theheat through-
out the mass of the charge where there is a
tendency to its local generation, as would oc-
cur where the current found a path of least
resistance. -
As one example of the application of my
invention I will desceribe the reduction of
silica and extraction of pure silicon. I take
electrically - made graphite and pure silica
both in a state of fine powder and mix them
in the proportion of graphite fifty-five parts
and silica one hundred and fifty parts.
theoretical proportion would be graphite fifty-
five parts and silica 137.5 parts; but I prefer
to have a little less than the theoretical
amountofcarbon. The mixtureisthoroughly
rubbed together in a mortar, tumbling-bar-
rel, or other suitable device. The amount

and perfection of the intermingling and rub-

bing has much to do with the efficiency of the
operation and with the electromotive force
necessary to employ for passing the electric
current through the mass when in the electric
furnace, and it should be well done. The
material thus prepared is placed in an elec-
tric furnace in such manner that the current;
passing from electrode to electrode will pass
through it, and around the charge on the bot-
tom, side, and top is placed fine silica as a
support and covering to the mixture and lin-
ing to the furnace, which may be made of
brick or other suitable material. The mix-
fure having been placed in this manner in its
envelop of silica and in dirvect contact with
the opposing electrodes the current is caused
to pass in sufficient volume and for sufficient
time to produce the reduction of the silica
and liberation of the silicon. Thusin an op-
eration which I have conducted with the elec-
trodes separated to a distance of three inches
and each having an exposed end surface of
four square inches, the intervening space
measuring three inches by two inches by two
inches, with its floor and sides of silica, was
filled with the mixture of graphite and silica
above described, and over all was placed a
layer of silica. The current was turned on
with one hundred volts. At the beginning
the current registered three amperes, but
quickly rose and after seven minutes regis-
tered eighteen amperes. The current was
turned off after twenty-five minutes, the maxi-

brought in contact—are of great value. Pu-| mum voltage having been one hundred with
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Carbon - monoxid 2as es-
caped freely and burned on the surface.

sulting from the silica of the charﬂ'e 1s found

as ﬂlobules of pure silicon mmﬂ‘led with other

portwns of the charge not WhOH} reduced.

These globules may be separated from the

unrednced mass by floating in water or other
desirable method. |

- may be used in carrying out my invention

" When the

20

and that the product may beremovedin many
ways. Thus it may be removed intermit-

tently either in a fluid or solid condition, as

1s the practice in making carborundum, car-
bid of calecium, and alumlmum contlnuously
either in a SO,lld liquid, or gaseous state.

~ tion and retention.

When alloys are to be made of two or more-
metals, one or more of the metals may be
mixed in the powdered metallic state with the
ore to be reduced, or the ores of the several
metals may be mlxed with the appropriate

- amount of graphite to produce their united

30

35

reduction, and the metals when liberated
will alloy together. Thus oxid of iron and

silicain the proportions necessary for the pro-.
duction of the desired silicid of iron, when

mixed with the necessary graphite and raised
to the proper temperature, will be reduced
to a silicid of iron. When carbids a are to be

made, the amount of graphite employed in

On-
opening the furnace a part.of the silicon re-

It is evident that various formb of fumaces '_

producb of the operation is a vola-
‘tile metal and can be removed from the fur-
nace in a gaseous condition, as in the reduc-
tion of zine and other metals suitable con-
densing-chambers are prowded for its recep--

the chm ge 1s 1nereased over and above that
necessary for the reduction to at least -the
extent of the amount necessary to combine

with the metal a,nd f01 m the desired ca,rbld
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1. Themethodherem descubed of redncmfr- |

ores, which consists in mixing pulverized ore'-

with graphite as the sole conduetlnﬂ' and re-

particles of ore with graphite, and passing an

electric current through the mass of such

coated particles, thereby heating it to a point - -
50 -

2. Themethod herein descrlbed of reducing

ores, which consists in mixing pulverized ore.

sufficient to effect reduction of the ore.

with sufficient graphitic carbon as the sole

conauctmﬂ' and reducing agent, toreducethe

ore, both in a dry state, eoatmw the particles

of ore with the U'I'&phltlc carbon and passing

an eleetrle current through the mass of such

sufficient to effect reduction of the ore.
3. Themethod herein described of redueing
ores, which consists in mixing pulverized ore

coated particles, thereby heamno' it to apomb; -

6o

and graphltlc carbon in the theoretwal pro-
portions necessary for the reduction of the

ore, coating or partially coating the parmcles .

of ore with the graphitic earbon and passing-

an electric current through the mass of such

ficient to effect reduction of the ore.-

my hand.
LDWARD GOODRICII ACIIESON

Wltnessés' -
GEO. B. BLEMMING -
C. C. BITTNER

In testimony whereof I have hereunto 'set?'

coated particles, thereby hea,tlnﬂ' ittoa pomt
SUu '
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ducing agent, both in a dry state, coatmg the
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