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UnrTED STATES

PATENT OFFICE.

FRANK A. GOOCH, OF NEW HAVEN, AND LEONARD WALDO, OF BRIDGE-
PORT, CONNECTICUT; SAID ‘WALDO ASSIGNOR TO THE WALDO FOUN-

DRY, OF NEW JERSEY "

PROCESS »OF'REDUCING ALUMINIUM,

SPEGIF_;Q’A.TION forming part of Letters Patent No. 528,365, dated Oetobér 30,1994,
Application fled September 1, 1883, Serial No. 484,661, (Wo specimens.) )

To all whom & may concein:

. Be it known that we, FRANK A. GOOCH, re-
siding at New Haven, in the county of New
Haven, and LEONARD WALDO, residing at
Bridgeport, in the county of Fairfield, State
of Connecticnt, have invented certain new
and useful Improvements in Processes of Re-

* dueing Aluminiam; and we do hereby declare

Ic

the following to be a full, clear, and exact de-
seription of the invention, such as will enable
others skilled in the art to which it appertains

- to make and use the same.
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~ The invention described herein relates to
processes for the reduction of alumininm from
its compounds by the electrolysis of a suit-
able fused mass containing such compounds.
The eompound of aluminium used should be
one whieh will fuse at a temperature and un-
der ¢onditions which shall be practiecally at-
tainable. B

More especizally our invention herein de-
seribed relates to the reduction of aluminium
from itg chloride. )

In the accompanying drawings, which are
hereby made & part of this specification, is
shown one form of apparatus suitable to the
practice of our invention. We do not, how-
ever, limit ourselves to the apparatusshown,
sines any other suitable apparatus would an-
swer equally well for the practice of -our -
vention. : .

Figure 1 represents a sectional diagram-
matic view.of the apparatus employed by us.
Fig. 2 represents a sectional view of a modi-

fied form of apparatus employed by us. Fig..

3 represents a sectional diagrammatic view of
another modified form of apparatus employed
by us. ) . ‘

Similarlettersrefertosimilar partsthrongh-
out the.drawings.

. . . e
I'is & furnace baving a fire bo_xy/‘, and open-

ing f’ in thoe top of the furnace, into which is
set a tapering crusible A, the same being sup-
ported by the sides of the opening /7. Tho
construetion of the erucible and the arrange-
ment of tho clectrodes and conductors are
hercinaftor fully described. ‘

I is a tank from which thehydrogen is sup-

plied through the tube II, the supply being
regulated by the cock i. ,
" ss’arebinding postsforthe conductors N P.

In the practice of our invention, so far as
it'relates tothe reduction of aluminium from
its chloride, we preferably prepare a bath by
fusing in a suitable tank or crucible A and'in
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proper proportions, the chlorideof aluminium -
and the chloride of an alkaline metal (pref-
erably sodium) or of an alkaline earth metal,

with the fluoride of alamininm and the fluor-

“ide of sodinm: A convenient way to form a

suitable bath is to combine the double chlor-
ide of alaminiam and sodinum (represented
by the formula 2NaCLALCIL) with the wmin-
eral cryolite. We find it of advantage to
add to the combination just named an addi-
tional amount of chloride of sodinm in excess
of the amount necessary to form the double
chloride. These ingredients are preferably

mingled together in the follawing proportions: '

the doublechloride of aluminium and sedium,
fifteen parts; cryolite, fifty-five parts; sodium
chloride thirty parts; buttheseproportionsare
variableservieeably within wide limits, with-
out materially affecting the operation or fune-
tion of the bath, as, in fact, any proportions

‘which may be found suitable may be em-

ployed. * - -

The reason for employing cryolite or the
fluorides of aluminium and sodium in the
bath is the well known fact that, wheu they
aro present and reduction by the action of the
electric current takes place, the aluminium
melts and flows to globules, while, when
the bath contains only the chlorides named,
the aluminium is obtained in the form of a
powder, which hag to be further treated be-
fore it can be made commercially available.
The object of adding the excess of sodium
chloride to the bath is to make the bath more
liquid. 1t is alsc advantageous in-diluting
the cryolite. It is not, however, ossential to
our invention thattho excess of sodiam chlo-
ride should be present; nor that the ceryolite,.
or fluorides of atumininm and sodiumshould
form part of the bath, when the chlorides al-
ready montioned are presont.
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Tnstead of forming the double chloride of‘

aluminium and sodium deparately and then
adding it fo'the bath, it will be sufficient to
‘place the chloride of alamininm (represented
5 by the formula ALCL) in the bath, and then
1o add the ehloride of sodium in such quan-
tity that part of it may unite chemieally with
the chloride of aluminium to form the double
chloride, while the remainder forms the ex-
10 cess of sodium chloride needed for the bath
above described; or the order of introduc-
tion may be reversed, the former being added
first. Usually this order will be found pref-
erable, as the chloride of aluminiam is very
15 volatile until brought in contaet with the so-
dium ehloride.
In place of tho excess-of sedium chloride
or of a part of such exeess, we may employ 4
certain proportion of chleride of potassium,
20 (which is useful in wmaking the bath more
fluid,) or of some other of the alkaline met-
ala. In ease of any such substitntion in the
ingrodients of the bath, the proportions of
all the ingredients used are suitably read-
25 justed if mnecessary. For example, if the
chloride of potassizm be used, in piace of a
part of the sodium chloride, the ingredients
are preferably mingled togethor in the fol-
lowing proportions: cryolite, fifty-five parts;
30 chloride of aluminiam, twelve parte; chloride
of sedium, ninateen parts; ehlorids of potas-
sium, fourteen parts; but with a bath consti-
tuted as last above deseribed, the preportions
given are variable serviceably within eon-
35 siderable limits without materially affeating
the operation or function of the bath, ag, in
fact, any proportions which may be found
‘suitable may be employad. ) ‘
.. The crueible 4, preferably employed by us
40 in‘the operation of curinvention, consiaty of
a tank of irou lined with compacted carborn.
The carbon lining L of this tank sorves as
the cathode, the iron of the tank being con-
nected by the conductor N with the negative
45 pole of a dynamo slectric machine or gther
- suitable source of clectricity, O.. The nuode
C is'a detached carbon slectrods pariiaily
immersed in the bath I; and connoveted ia
the following manner with the soures of alec-
50 tricity: “We preferably suspend the anode
from an iron bar I raised above the ericibls
and resting on wooden supports E B, The
bar, D 18 connected by the conducior 12 to the
positive pole of the source of electricity, If
55 desired, tho cathode may also be formed of g
detached carbon, suspended in & similar way
. tothat just deseribed for the anode, orother-
wise supported, and partially immersed in
. thobath B, If desived, a numberof separaie
50 carbons may be used to form tha electrodes
as shownin Fig. 2, where C €’ C¥, 0% and ¥,
all suspended from the bar D _collectively
form the anode. Tho relative superficial
areas of the olectrodes in any particular case
65 are adjusted so as to secure the greatest

economy: in action. In place of a carbon
anode, an anode of any other suitable ma-
terial, as of platinum may be used. The bath
ey be fused, and the fusion may be maidy,
tained byithe application of heat from any
suitable source, as from a furnace F. The
temperature required to fuse the bath sug-
gosted above is that of a dull red heat. We
way also fuse the ingredients of the bath in
& separate apparatus and introduce the same
in a molten condition into the bath at the
beginning of the process, the fusien being
thereafter maintained in any suitable way.
When the slectric current is passed through
the bath aud electrolysis takes place, alu-
miniara is deposited at the eathode and the
halogens (chiefly chlorine) are liberated at
the anode. It'is well known that these gases,
in-a free stats, are highly noxious to health:
On this account, and for the further reason
that they attack and quickly destroy the pgsi-
tive electrode in the apparatus used in any
process similar to the one described, their
escape in a freestate would render such pro-
cess commoercially useless. 'To obviate these
difficulties, and to accomplisk other desiruble
rogults, we introduee hydrogen into the bath,
Tho hydrogen is preferably delivered in a
substantially continuous supply underneath
the surface of the fused mass in near prox-
imity to or through the anode. In thelatter-
ease a longitudinally perforated carbon rod C

-
.

is preferably employed for the anode, and the

gas is passed through the same as through a
pipe, the gas being supplied through a tube
Heonneeting With the upper end of the anode

C, which may project above the bar D. The

hydrogen may alsoif preferred be conducted
through s separate pipe as the pipe M in
Fig. 2. When {be halogen elements are lib-
eratsd by the electrolysis of the bath, they
combine instantly with the hydrogen and es-
cape at tho anode tn theform of hydrochlorie
aeid or hydrofluoric acid, chiefly the former.
These gases in the quantities evolved in our
process, are easily controlled and disposed of,
without-injury. to apparatus or workmen, by
approprisie means external to the bath, as

by the use of a fine K, having a strong draft, -

and provided with a hood J, projecting over
the crucible A; or cloths or other absorb-

I00

tos -

snb medin, saturated with water may be sug-:

pended over the crueible, the escaping gases
hoing taken up by ibe water, whose power of
acting as a solvens for hydrachlorie seid and
hydrofinorie seid is well known. Such -an
arrapgement is shown in Fig. 3, whera a
represents an endless band or aprog of ¢loth

120

or othier suitable fabrie,, passing over drams

m, m" attgched to shafts b, % The shaft b
revolves ia journal boxes ¢ and is supported-
in any saitable manner, as by a strip ¢’ sus-
pended from the ceiling. The sbhaft A re-
volves in boxes e’ formed on the edges of the

‘trough i The shafts and band or apron o
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are kept in revolution in the direction indi-
cated by the arrows by power from any suit-
able source transmitted by the belt d, passing
over the pulley ¢, which is rigidly attached to.
the shaft . -The shaft b is hung somewhat
higher than the shaft k. The drum m' on
shaft 2 runs close to or under the surface of
water w contained in'a shallow pan or trough
%, having snitable support I. - The band or
apron a being inclined passes through the
water w at the lower side of the drum m' and
is thus kept saturated with water. Thussatu-
fated it passes continuously over theerueible.

We do not claim the particular.arrange-
ment of devices just described, nor regard it
asmovel, nor-do we confine ourselves to the
partienlar ‘devices shown, since any other
suitable means external to the bath might be
einployed for disposing of the escaping gases.

We preferably supply hydrogen to the bath
in excess of the amount required to combine
with the halogen elements. The excess of
hydrogen substantially permeates the fused
nass, thereby seeuring a. more uniform in-

‘termixture of the ingredients of the bath

and protecting the surface of the molten mass

from atmospheric action.

In the practical operation of our invention,
where we use the suggested baths composed

“of the chlorides of aluminium and sodiumn

and the fluorides of aluminium and sodium,
with or without an excess of chloride of so-
dium and with or without the chlotide of
some other alkaline metal, and with or with-
out the chloride of potassium we have found

‘that'we obtainat the anode hydrochlorie acid

almost exclusively, with very little trace of
fluorine. This shows that the aluminiam de-
posited at the cathode is derived chiefly from
the ehloride of alumininm in the bath; and.we
have found that, by the occasional addition of
chloride of aluminiom (ALCl) in sufficient
quantities, the bath will be replenished and
the process will bea substantially continuous
one during a considerable period of timo.« An
excess of the chloride of aluminium- pro-
duees no injurious effect, as it -is gradually
utilized in the subsequent operatioi of the
process.  We have hereinbefore spoken of
fluorine being set free, though we are aware
that it is considered very diflicult to isolate
this element. We, however, use the term
“fuorine” merely for convenience, meaning
thereby to include not only free {luorine, if
any be liberated, but also any compound
thereof, which might beset free at the anode,
if hydrogen wore not supplied to the bath,
As before stated, the aluminium is deposited

at the cathode, where it molts forming glob-.

ules, whieh, when either of the sugeested
baths whose proportions are hereinbefore
stated, is employed, gathoer at the bottom of
the bath, the aluminium having a higher
speeific gravity than tho fused bath. 'The
alumininm may then bo removed inany suit-

able manner as by means of a ladle Iined
and covered with earbon, ov by drawing it
off at the bottom through a suitable opening;
or the bath may be poured out, and, after
being eooled, the.alaminiam ay be picked
ont. In case a bath should be used whose
specific gravity is higher than that of alu-
miniam, the alnminizm would rise to the top,
where it could bo easily removed.

In the process herein described, we use su
electric current of suitably low electro-motive

70

force, usually of from four to ten voltg; but
the voltage of the current employed will de- -

pend on the form and size of the electrodes

a§ well as on the composition of the bath, it’

being only necessary to havea voltage suffi-
cient to decompose electrolytically the chlo-
ride of aluminium in the bath under all the ex-
isting conditions of resistanee, and of chemi-
cal constitution.

8o

85,

The electric current which we employ in

‘our process, and which is herein referred to

as being passed through the bath,is employed
solely for purposes of electrolysis. The hy-
drogen may in the first instance be intro-
duced before or after the slectric current is
passed through the bath or simultaneounsly
therewith, the order of operations being ur-
important. ) '
We are aware that hydrogen-has been em-
ployed heretofore in processes for reducing
aluminium, oither as the solo awent or as an
auxiliary agent in accomplishing the redue-
tion of tho metal from the aluminium com-
pounds used. -In the process herein described,
we do not employ hydrogen as an agent in

"such reduction, nor do we in this application

claim any process in which hydrogen issoem-
ployed. . , :

"The objects of introducing hydrogen into
the bath in our improved process herein de-

90
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seribed are, to secure a more uniform inter- -

mixture of the ingredients of the bath, and
to proteet the surface of tho.molten mnass from

‘atmospherio action, to protect the anodes

from the eorrosive action of the halogens sef
freo by the electrolysis of the bath, and to
convert such froe halogens into a more man-
ageablo form. ’
We do not
forms of the herein deseribed process which
are specilically set forth and elaimed in our

herein specifically claim those.

115.

application, Serial No. 504,763, filed March -

23, 1891, the same being a divisional applica-
tion of this case. - . ‘

Having deseribed our invention, what we
claim, and desire to secure by Letters Patent,
18— '

1. As an improvoment in the art of manu.
facturing aluminium, the herein described
process which consists in forming a bath by.

120
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fusing together the chlorides of alumininm -

and sodinm and the ehloride of another alka:
line metal, with tho fluorides of aluminium
and sodium, passing an electric current

130



through the fused mass, thereby electrolyzing
thesame, and supplying hydrogen to the bath,
substantially asand for the purposesset forth,

2. Ag an improvement in the art of mano-
facturing alumisivom, the Herein deseribed
progess,-which consists in forming a bath by
fusing together the chlorides of aluminium
and sodinm angd Dotassium, and the fluorides
ofalamininm sndyscdinm, passing an electric
eurrent through the fused mass, thereby elec-
trolyzing the same, and supplying hydrogen

el

-
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te-the bath; substantially as and for the pur-

poses set forth.

FRANK A, GOOCIL
"LEONARD WALDO.
Witnesses as to Frank A, Gooch:
SAMUEL B, WyMaN,
) ANNIE G. WYMAN,
Witnesses as to Leonard Waldo:
FrANK L. CRAWFORD, ‘
GILBERT II. CRAWFORD.




