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To all whom it may concern:

Be it known that I, THoMAS L. WILLSON,a
citizen of the United States, residing at Leaks-
ville, in the county of Rockingham and State
‘of North Carolina, have invented certain new
and useful Improvements in the Electric Re-
duection of Refractory Metallic Compounds,
of which the following is a specification.

This invention relates to the reduction of
aluminiam and otherdifficultlyreducible met-
als from refractory ores or compounds-thereof
by meansof electric smelting. . Electric smelt-
ing, or metallurgical\ reduction by means of
elecfricallygenerated heat,hasheretoforebeen
performedin twoways,namely,by anineandes-
cent furnace heated by the passage of an elec-
tric current through a mass of broken earbon,
the heat being generated by the resistance
which this poor conductor presents to the pas-

sage of the electric current;and in anare far-|

nace wherein the heatisgenerated by the pas-
sage of an electric current across an arc be-
tween twoseparated electrodes. Intheformer
orincandescent furnace, the current is passed
horizontally between two carbon bars or elee-
trodes, the space between them being filled
with a mixture of broken earbon and the ore
to be reduced, and with a base metal, as cop-
per. Such furnaces are subjeect to the prac-
tical disadvantage that as the base metal fuses
a pool or bath is formed extending between
the electrodes and serving to short-circuit

them around the mass of material to be re-

duced, which necessitates the continual draw-
ing apart of the electrodes in order to main-

tain the necessary resistance in the farnace.

This difficulty is in great measnre overcome
by the use of an arc furnace in which the cur-
rent passes vertically between two electrodes,
one of which consists of a carbon or graphite
crucible or heéarth, and the other a carbon bar
or pencil above and entering the hollow of the
erucible or hearth. The pencil being lowered
into contact with the crucible oran interven-
ing conducting matérial, is raised out of con-
tact therewith to produce an are, the heat of

which performs the reduction of the material

placed in the cracible. As reduction in an
are furnace has been practiced prior to my in-
vention, the alumina or ofher refractory ore
is fosed by the heat of the arcand covers the
bottom of the erucible in a molten pool or

: bath. In the direct manufacture of bronzes

or other alloys the base metal thereof forms a
pool at the bottom of the cracible, and the 55
molten alumina or otherorelies in a bath su-
perposed therempon. The carbon pencil is
kept elevated above the surface of the bath of
alamina in order to maintain the arc. A re-
ducing agent being present in the furnace, 6v
either by introducing a reducing atmosphere
therein, or by the utilization of the earbon of
the electrodes as such agent, the reduection of .
the alumina or other metallic compound is ef-
fected by the combined action of the slectric 65
arc and the reducing agent. When a base
metal is present it combines with thereduced
metal, forming an alloy.

In the operation of such an electric arc
furnace, considerable practical difficulty is j0
experienced by reason of the sudden and vio-
lent floctuations in the resistance of the fur-
pace, which ocecur by reason of the ebullition
of the fused bath. The fused alumina or
other ore or metallic compound, beinga much 75
better electrical conductor than the vaporous
mediam of the are, must be kept out of con-
tact with the carbon pencil in order to main-
tain an arc. By the eballition of this fused
bath, the liquid aluminaor other oreisecaused 8o
to spatter, or spout, or foam, upwardly atfre-
quent irregalar intervals, into contact with
the earbon pencil, thereby to a great extent
short-circuiting the arc and lowering the re-
sistance -of the furnace. In praectice, it is 85
found that this boiling up of the alumina
produces a short-cireunit of sueh very low re--
sistance as to seriously affect the operation
of the dyname by which the current is gen-
erated. Whenever such a -short-circunit is go
formed, the quantity of the current is in-
creased in proportion as the resistance islow-
ered, thereby throwing a greatly increased
load or work upon the dynamo, the practical
effect of which is to tend to instantly stop 93
its rotation, thereby subjecting the dynamo
and the motive power which drivesit, as well
as-the belt or other intermediary through
which the power is transmitted, to a severe
shock, these shocks following each other in zeo
such rapid aud irregnlar succession as to be
extremely injurious and detrimental to the’
machinery. There is farthzrinore great lia-

Pility of burning out the armature of the dy-
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namo by reason of the excessivecurrent, even
in the case of dynamos whose armatures are
constructed to carry currents of extraordi-
nary volume such as must be used for oclec-
tro-matallurgical work. This short-circuiting
of the are is perhaps partly due to the boil-
ing up of the copper or other base metal
through ‘the bath of alumina or other oro’
when, as in the making of aluminiun bronze!
such & base metal is present in the furnace;
but the same difficulty is experiehced, and to
nearly or quite the same degree, when ne
base motal i3 present in the furnace, and
when consequently the only fluid bath ig that
of tho alumina or other ore uunder treatment.
The objest of my present invention is to
overcome the practical difficulties arising
from the presence in the furnace of a fused
bath of theoreor compound under treatment.
In the course of numerous experiments that
1 have made, and the use of various reducing
agents, I have discovered that subdivided or
pulverized carbon when com mingled with.the
alumina or other metallic compound to bere-
-duced, and in sufficient proportions, has the
effect of preventing the formation of a bath
of the fused metallic compound.
My present invention therefore consists as

an improvement in electric smelting inanarc

" or vertical furnace in subjecting alumina or

other refractory metallic compound to the
continued heat of an electric are while com-
mingled with subdivided carbon in sufficient
proportion to prevent the formation of a bath
of the fused compound. = The violent fluctu-
ations in the resistance of the arc due to the
ebullition of such a bath are consequently
avoided, and the resistance of the arc is ren-
dered so nearly uniform as to render the smelt-
ing process of practical operation in connec-

" tion with existing means for generating the
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requisite heavy electrical currents. Sueh-
Auctuations as occur are so trifling in extent,
and so gradual, that the machinery is sub-
jected to noinjuriousstrains. The smelting
process is also rendered more economical be-
cause it is conducted more regularly and pro-
gressively, is subject to less interruption by
reason of the slowing down of the dynamo,
such as results from the occurrence of a seri-
ous short-circuit, and is consequently effected
by the maximum current that the dynamo
can generate under the requisite resistance
of the furnace. o

In the practice of my present ‘invention I
employ by preference an electric furnace of
the construction and proportions shown in
the accompanying drawing, which shows the
furnace in vertical mid-section, the electric
cireuit and the dynamo being shown diagram-
matically. - -

Referring to the
the outer masonry shell or-bench of the fur-
nace, B the carbon or graphite crucible; or
heérth, C the carbon bar or pencil constitut-
ing the movable electrode, and’ D the dgnamo
for generating the edtrents, KFrom the tarmi:

drawings, let A desigmife :

+
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nal brushes of this dynamo, one wire w leads
to and communicates with the erucible B,
while the other wire w’ leads to and commu-
nieates with the carbon. pencil C. The con-
nections are preferably made in the manner
shown, the wire w being connected through
a fastening bar a to an iron plate b underly-
ing the crucible 13, and tho wire w’ boing con-
nected to a metal sockel ¢ embracing the up-
per end of the carbon pencil C. The bench

70
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A is made preferably of firobrick, whichisa -

non-conductor of electricity, and the furnace
is covered over with a plate, or preferably two
plates E E of carbon, having a central hole
through which the carbon pencil C projects
down into the crucible.

For tapping out the resulting product, a
tap-hole d is formed which in operation is
closed by a plug e of alumina, clay, or other
suitable refractory material. The carbon
plates E E rest on the top of the firebrick
walls A, which project above the top of the
crucible, forming an intervening space f for
insulating purposes to prevent the short-cir-
cuiting of the furnace between B and E.

For the vertical adjustment of the carbon
pencil, a screw-threaded shaft g is provided
which may be propelled up and down by the
engagement therewith of a suitably mounted
rotative nut 2. The details shown, however,
are not essential to my invention, which may
be applied in connection with furnaces widely
different from that shown, The dynamo be-
ing in operation and the electrical connec-
tions properly made, the carbon pencil C is
thrust down until its end touches the bottom
or hearth of the orucible, thereby closing the
circuit. Thepencil is thereupon slightly ele-
vated in order to cause an arc to spring be-
tween the crucible and the pencil. This are
is preferably permitted to play for a minute
or more before putting any material into the

furnace, in order to first thoroughly heat up

the furnace. Thereupon some alumina or
other refractory metallic compound, prefer-
ably thoroughly commingled or intermixed
with finely divided carbon, is introduced into
the furnace, which may be done byshoveling
the charge through a top opening 1 formed as
a noteh in the brickwork A. - The granular
material thus introduced fslls around the
lower end of the earbon pencil, and if it
comes-in contact therewitli; and is itself suf-

ficiently conductive, it may extingunish the .
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are, in which case the attendant will lift the -
carbon pencil somewhat higher in order to

re-establish the are. Thereduection then pro-
ceeds, either gradually or violently by & se-

125

ries of explosions according to the nature of -

the materials introduced. No. fused bath is_

formed,and consequently no ebullition occurs
within the erucible. The presence of the sub-
divided carbon appears to have the efféct of
maiuaining the subdivision of the alumina
as tlie latter betomes fused, and perhaps to

sofr p extentof absorbing it, the alumina being-

thns 'hqld by the carbon until the intense

13¢
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‘heat of the arc effects the dissociation of its
exygen, which is taken up by the ecarbon, |
forming earbon monoxide or dioxide, which"
flows out.of the furnace,leaving the alamini-
um free. Upon the interruption of the pro-
-cess while the reduction is at its height, and

~the immediate cooling down of the furnace,
. Bo cake of solidified alumina-is found such
- sawould result from the presence of a molten
1o

‘bath; but on the contrary the material in the -

.-farnace is found in apparently the same con-
. dition as before its introduction into the fur-
" naee, beinga powdered orgranulated alumina
_intermixed or impregnated with carbon, and

5

20

ordinarily not even agglomerated by the heat.
In thereduection of aiuminiom by thismethod,
the alaminium freed within the furnace must
be recovered in some way before it ean es-
eape into contaect with the air and be oxidized.

The particular means for recovering the
alamiainm forms no essential part of Iy pres-
eni invention, but.thers are iwe methods

" which as I believe may be used for this pur-
-mose. Of these, the first is to introduce a2
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base metal inio the furnace to instantly alloy
with the nascent aluminiam asisis freed, this
being the method commonly heretofore em-
ployed. The second methdd isto have an ex-
cess of carbon in the ermeible sufficient to
combine with the nascent alumininm, form-
ing an aluminium carbide, from which the
metal may bs subsequently exiracted. The
result of suppressing ihe fused bath and eon-
sequent ebullition will not be attained unless
the carbon commingled with the ore or com-
round under treatment be in sufficient pro-
portion. The proportion required will vary
aceerding to the condition of the ore and car-
bor, varying with their fineness and the de-
gree of intimacy of theiradmixture.. When
alumina is nsed in the form of a fine powder,
and the carbon is combined with it with the
utmost intimacy by impregnating the alu-

_ mina with the earbon, I have found that an

5c

; amount of carbon equal by weight to fifteen

per eent. of the mixture, is sufficient to pre-
venithe formation of a fused bath. If thema-
terial i8 in coarser form, and less intimately
ecommingled,alargerpercentageof carbonmay

-bo reguired. I prefer to usealnominaorother

ore or compound impregnated with coal tar of

- otherheavy suitable hydro-carbon, by stirring
. powdered or granulated alaming or other me-
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taliie compound into the tar or other hydro-
carbon while the latter is mairtained in the
iignid state, preferably by beingheated, until
the alomina &e. is thoroughly impregnated
with the hydro-earbon, and thercupon driv-
ing off the hydrogen- and lighter hydro-car-
bons by heat until the whole is reduced to a

. dry powder. This tar-impregnated alumina
" 18 claimed in my application for patent filed

B3

April 20, 1892, Serial No. 429,923. In Yieu
thereof, however, comminuated alumina ér

giher metallic-compound to be reduced, atid
-powdered or comminutd carbon may be me-

- 8

chaniea]ly mixed and introduéed togetherinto
‘the furnace. . '
The precise method of commingling subdi-

vided carbon with the material to be reduced 5

is not essential to my present invention, it
being only essential thereto that while the

(3

material under treatment is being subjected -

to the continued heat of the electric are, sub-
divided carbon in sufficient
be commingled with it.- Thus the actual in-
termixture of the two may first take place in
the arc itself. -

I have found that by first introducing alu-

"mina and fusing it in the furnace so that it is
brought into the condition of a molten bath,
and when it reaches such a state of ebullition
as to cause serious fluctuations in the resist-
ance of the furnace, the introduction into the
erueible of the requisite proportion of commi-
nuted or subdivided earbon will quickly sup-
press the ebullition and bring the resistance of
the furnace tosubstantial uniformity. In this
e2s6 the carbon is commingled with the aln-
minabyreason of the violent circalation of the
latter due fo its ebullition, the suppression of
the ebullition occurring apparently immedi-
ately upon the thorough commingling of the
iniroduced carbon with the alumina,

In practicing my process for the production
of aluminium bronze, I find it preferable after
initially heating up the furnace, to first intro-
duce the copper, which instantly fuses and
forms a pool of molten base metal in the bot-
tom of the erucible, aud thereafter to intro-
duce the tar-impregnated alumina, or inter-
mixad alumina and powdered carbon as the
case may be, lifting the carbon pencil suffi-
ciently io maintain the are. The copper, and
the alamina and carbon, are preferably intro-
duced in small quantities or charges and at
frequent intervals, and preferably in alterna-
tion. As the reduction proceeds, the pool of .
copper at the bottom of the erucible is con-
verted into aluminium bronze, the quantity of
which gradually increases, until after s run
of several hours it is tapped out of the eruci-
ble without cooling down the furnace, where-
upon thecarbon pencilisreadjustedand the op-
eration proceeded with with only momentary
interraption. The pool or bath of molten ala-
minium bronze is not subject to any material
degree of ebullition, since it is heated only
from above, so that what vaporization occurs
is only at its upper surface, and consequently
no -bubbles of vapor rise up through it. . The
current passing through it generates practi-
cally no heat, since the molten metal is in ex-
cellent condactor. It is only in the case of a
superposed bath of molten ore that difficalty

proportion shall 75
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is experienced in the short-cireniting of the -
| are, sinee this ore being a somewhat poor con-
ductor, is heated by the passage of the cur-
rent through it, as well as by the heat of the
arc immediately above it, and is kept in vio-
lent -ebullition. “But by my invention the
ebullition of the molten ora-is wholly ‘pre- .

130
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vented, since as it is fused it does not form a
bath, but constitutes with its inter-commin-
gled carbon & quiescent mass floating upon
the top of the bath of moiten bronze beneath.

In practicing my invention, the positive
terminal of the dynamo may be connected to
the crucible B and the negative terminal to
the carbon pencil C, thereby passing the cur-

" rent upwardly through the furnace, or the re-

10

verse arrangement may be made, thereby

" passing the current downwardly through the

5

furnace. I prefer the upward passage of the

current because I find that it involves much
less wasting away of the electrodes B C by

oxidation. " The crucible B is so thoroughly-

protected by the presence of the material be-

" ing acted upon, that it is but slightly oxidized

20

in any event, and by making the carbon pen-
cil C the negative electrode, it is caused to
waste away much less rapidly than if it were
made the positive. Furthermore, the pres-
ence of the inter-commingled “carbon which
serves as a reducing agent almost wholly pre-

- vents the oxidation of the electrodes, since

25
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the oxygen which is dissociated from the
alomina is instantly taken up by the inter-
commingled earbon, which is in closer prox-
imity to the points of evolution of the oxygen
than are the surfaces of the electrodes, and
consequently the oxygen is almost wholly re-
duced to carbon monoxide or dioxide before
it. comes in contact with the electrodes. .

My present invention is not applieable to
incandescent furnaces, that is to say, those in
which the heat is generated by passinga cur
rent through a broken resistance material,

. such as retort carbon, and I specifically dis-

40
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claim its application to such furnaces. My
invention is applicable only where the heat
is derived from the electric are. The condi-
tions essential to the maintenance of such an

are in an electric furnace are well understood -

in the art. The are is caused by the separa-
tion of the electrodes, thereby forming an in-
terruption in the cireuit, and to maintain the
arc, at least one of the electrodes must be

. maintained out of contact-with any conduect-

50

ing material in the furnace of such low ra-
sistance as to shunt sufficient current around
the arc to extinguish the are. In any case
the arc is formed and maintained close over
the material ander treatment, or at least close
over such portion of the material as is imme-
diately under treatment.

.~ The best arrangement for producing an are

is that shown, wherein the current passes in
vertical direction through a farnace, the cru-
cible constituting one electrode, and a carbon
pencil thrust into it constituting the other.
Other arrangements, however, are admissibie,
although believed to be inferior: For exam-
ple,twocarbon pencils may be connected to the
respective terminals of the circuit and thrust

- into a ¢rucibleor arranged close overahearth

“{which might be non-conducting), being sepa-

rated to form an arc between them, which are
is brought down‘in_tro clese contact-with the

material under treatment, or, they may be so -

arranged that the areshall pass from one pen-
cil into the material and ont therefrom to the
other pencil, thus forming a double are.
Icontemplateapplying my invention in con-
nection with the reduction of other metals
than aluminium. Ibelieveit to be applicable
tothe reduction of the following metalsamong
others, namely, barium, caleium, manganese,

‘strontium, magnesium, titanium, tungsten,

and zirconium. In the manufacture of
bronzes, I propose to apply it to the manufac-
ture of bronzes containing silicon and boron.

My invention is applicable to other chemi-
cal reactions than those included by the word
“reduction” used merely in its metallurgical
sense; for example, I propose to apply it for
the treatmentof refractory compoundsor ores

of metals, not necessarily for the produection ’

of the metals themselves, but for the produc-
tion of other compounds thereof. Forexam-
ple, I have already employed it for reducing
calcium oxideand producing ealcium carbide.

I claim as my invention the following de-
fined novel features, substantially as herein-
before specified, namely: :

1. The process of decomposing refractory
compounds which consists in subjecting the
compound, while commingled with subdi-
vided carbon in sufficient proportion to pre-
vent the formation of a bath of fused com-
pound, to the continued heat of an electric
archetween separated electrodes,one (at least)
of which is arranged closeabove the material
immediately under treatment, so that the arc
is close above such material, whereby during
the operation the fluctuations in the resist-
ance of the arc which would be due to the
presence and ebullition of such bath are

.avoided.

2. The process of deoxidizing refractory me-
tallic compounds which consists in subjecting
the compound, while commingled with subdi-
vided carbon in sufficient proportion to pre-

vent the formation of a bath of fused ecom-

pound, to the continued heat of an eleetric
are between separated electrodes oné above
the other, such arc being close to the material
immediately under treatment, whereby dur-
ing the operation the fluctuations in the re-

‘sistance of the arc which would be due to

the presence and ebullition of such bath are
avoided.

3. The process of reducing refractory me-
tallic ecompounds which consists in subjecting
the compound, while commingled with subdi-
vided earbon in sufficient proportion to pre-
vent the formation of a bath of fused com-
pound, to the continued heat of an electric
arc produced by passing a current in approxi-
mately vertical direction between separated
electrodes, so that the arc is maintained close
above the material immediately under treat-
ment whereby during the reduection the fluet-
uations in the resistance of the arc which
would be due to the presenee and eballition
of such bath are avoided. :
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‘4. The _process of reduemg slumina which
consists-in subjecting it, while commingled
with subdivided curbon in sufficient propor-
‘tion toprevent the formationof a bath of fused

5 alumina, to the continued heat-of an electric
- are between separated electrodes one ahove
the other, so that the are is maintained eclose
above the material immediately under treat-
. ment whereby during the reduction the fluct-
10 uations in the resistance of the-are which
“would be due to the presence of such bath are
avoided.
5. The process of reducing a refractory me-
" tallic compound which consists in commin-
I 5 ghng therew1th asufﬁclent proportion of finely

subdmded carbion- as descnbed, feeding the
mixture into #n electric are, maintained be-
tween vertic.lly separated electrodes, and
maintaining it subject to the continued heat
of such are, and so that the arcis maintained 20
close above the material 1mmedla.taly under
treatment whereby thé formation of a bath of
the fused compound is avoided.

In witness whereof I have hereunto sxgned
my name in the presence of two subseribmg 25

w1tnesses )
: THOMAS L. WILLSON.
~ Witnesses: -

ARTHUR C. FRASER,
CHARLES K. FRASER. -




