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UNITED STATES PATENT OFFICE.

FRANK A. GOOCH, OF NEW HAVEN AND LEONARD WALDO, OF BRIDGEPORI‘ '

CONNECTICU'T;
NEW JERSHEY.

SAID WALDO ASSIGNOR TO THE WALDO FOUNDRY, OF

PROCESS OF REDUCING ALUMINIUM.

SPECIFICATION forming part of Letters Patent No. 527,847, dated October 23,1894,

Application filed April 25,1894, Seriai_ No, 508,916,

(No specimens,)

To all whom it may congern:

Be it known that we, FRANK A. GOOOH re-
siding at New Haven, in the county of New
Haven, and LEONARD ‘WALDO, residing at
Bridgeport, in the county of Fairfield, State
of Connecticut, have invented certain new
and useful Improvements in Processes of
Reducing Aluminium; and we do hereby de-
clare the following to be a full, clear, and
exact deseription of the invention, such as
will enable others skilled in the art to Whieh

it appertains to make and use the same..

LS

- The invention herein described relates to
processes for the reduction of aluminium from

its compounds by the electrolysis of a suit-
able fused mass containing such compounds.

In an application filed by us September 1,

1893, Serial No. 484,561, we have described

20

. smtable halogen compound of alumlmum'

30

35

and claimed an improved process for reduc-
ing aluminium from its compounds, whichin
general terms consists in passing an electric
current through a suitable fused bath con-
taining a suitable compound of aluminium,:
thereby electrolyzing the bath, and in mtro-'

ducing hydrogen 1nt0 the bath.

The invention herein described consists, in
general terms, in passing an electric current
through a suitable fused bath containing a

thereby electro]} zing the bath, and in su pply-

‘ing to the bath the vapor ot wa,tex

In practice, we find that the halogen com-
pounds of aluminium, which are most suit-

able and best adapted to be used in our pro-
cess, are the chloride of aluminium and the

fluoride of aluminium.
For convenience, we describe Our 1nvent10n

~ with special reference to the reduction of

40
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aluminium from its chloride, it being under-
stood, however, that our invention is also.ap-
plicable to other halogen compounds of alu-
minium.

Hydrogen in its free state is com paratively
expensive to produce. For this reason, we

"have found it desirable to use some one of

the gaseous compounds of hydrogen, many of
whleh are easily and cheaply produced, and
answer the purpose to be attained as well as
the free hydrogen, as for example the vapor

of water.

For simplicity we deseribe our invention
with special reference to the use of steam as
the most convenient form of water vapor.

In the accompanying drawings, which are
hereby made a 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 apparatus shown,
since any othersuitable apparatus would an-
swer equally Well for the practice of our in-
vention.

Figure 1 represents a sectional dlaﬂ'rmn-
‘matic view of the apparatus employed by us.
Fig. 2 represents a sectional view of a modi-
fied form of apparatus employed by us.

Similarletters refer tosimilar parts tht'oucrh-
out the drawings.

F isafurnace havmg a fire box:ji. and open- -

ing f’ in the top of the furnaece, into which is

set a tapering crucible A, the same being sup-
The
construction of the crucible and the arrange-
‘ment of the electrodes and conductors are

ported by the sides of the opening f’.

hereinafter fully described.

- 'T'is a boiler, steam-chest or other genemtm
or recelver from which the steam is saupplied
through the tube H, the supply being regu-

lated by a eock 7.

s s’ are binding posts for the eomluetors

'NP

B is the bath contamed in the crumble A
through which the electrie current is passed.

In the practice of our invention, so far as
it relates to the reduction of aluminiam from
its chloride, we preferably prepare a bath
by fusing in a suitable tank or crucible A
in su1ta,ble proportions, the chloride of alu-
minium and the chloride of an alkaliné metal
(preferably sodium) or of an alkaline earth
metal, with the fluoride of aluminium and
the fluoride of sodium. A convenient way

to form a suitable bath is to combine the .
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double chloride of aluminium and sodium

(represented by the formula 2NaCLALCI)

with the mineral cryolite. Woe find if of ad-
vantagetoadd tothe combination just named
an addluonal amount of chloride of sodinm
in excess of the amount necessary to form the
double chloride. Theseingredients are pref-

95

erably mingled together in the following pro- 1oo
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‘the ecryolite.

portions: the double chloride of aluminium

and sodium, fifteen parts; cryolite, fifty-five
parts; sodium chloride, thirty parts; but these
proportions are variable serviceably within
wide limits without materially affecting the
operation or function of the bath, as, in fact,
any proportions which may be found suitable
may be employed. | |

The reason for employing ecryolite, or the
fluorides of aluminium and sodium in the
bath is the well known fact that, when they
are present and electrolysis 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 has to be further treated

beforeit can be made commercially available. |

The object of adding the excess of sodium
chloride to the bath is to make the bath more
liquid. It is also advantageous in diluting
It is not, however, essential to
our invention that the excess of sodium chlo-

ride should be present; nor that the cryolite,
or fluorides of aluminium and sodium, should
form partof the bath, when the chlorides al-

ready mentioned are present.

. Ourinvention,
indeed, is applicable to any bath composed of

a suitable halogen compound of aluminium,

and of any other suitable ingredients which
will permit or enable the bath to fuse at a sut-
ficiently low temperature, and which will ad-
mit of the halogen compound of aluminium
employed being decomposed by electrolysis.

Instead of forming the double chloride of
alumininum and sodium separately, and then
adding it to the bath, it will be sufficient to
place the chlorideof aluminium (represented
by the formula Al,Cl;) in the bath, and then

to add chloride of sodium in such quantity |

that part of it may unite chemically with the
chloride of aluminium to form the double
chloride, while the remainder forms the ex-
cess of sodium needed for the bath above de-
seribed; or the order of introduction of the
sodium chloride and the aluminium chloride
may be reversed, the former being added
first. Usually this will be found preterable,
as the chloride of aluminium is very volatile
until brought in contact with the sodium
chloride.

In place of the excess of sodium chloride’

or of a part of such excess, we may employ
a certain proportion of chloride of potassium
(which is useful in making the bath more
fluid) or of some other of the alkaline metals.
In case of any such substitutionin the ingre-
dients of the bath, the proportions of all the
ingredienis used are suitably readjusted, if
necessary. | | |

For example, if the chloride of potassium
be used in place of a part of the sodium chlo-

‘ride, the ingredients are preferably mingled |
‘together in the following proportions: cryo-

lite, fifty-five parts; chloride of aluminium,

i
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scribed, the proportions are variable service-
ably within considerable limits without ma-
terially affecting the operation or functions
of the bath, as in fact any proportions which
may be found suitable may be employed.
The crucible A preferably employed by us
in the operation of our invention, consists of

| a tank of iron lined with compacted carbon.

The carbon lining L of this tank serves as
the cathode, the iron of the tank being con-
nected by the conductor N with the negative
pole of a dynamo-electric machine or other
sunitable source of electricity O. The anode
C is a detached carbon electrode partially im-
mersed in the bath B and connected in the
following manner with the source of elec-
tricity: We preferably suspend the anode C
from an iron bar.D raised above the crucible
and resting on wooden supports I HE. The
bar D is connected by the conductor P to
the positive pole of the source of electricity.

If desired, a number of separate carbons
may be used to form the electrodes, as shown
in Fig. 2, where C, C’, C?, C® and C4 all sus-

pended from the bar D, collectively form the

anode, the relative superficial areas of the
electrodes in any particalar case being ad-
justed so as to secure the greatest economy
in action. In place of a carbon anode, an
anode of any other suitable material, as of
platinum, may be used.
fused and the fusion may be maintained by
the application of heat from any suitable
source, as from a furnace F. 'The tempera-
ture required to fuse the baths suggested
above is that of a dull red heat. We may
also fuse the ingredients of the bath in a
separate apparatus, and introduce the same

The bath may be

FE®.
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in a molten condition into the tank at the

beginning of the process, the fusion being
thereafter maintained in any suitable way.
When the electric current is passed through
the bath and electrolysis takes place, alu-
minium is deposited at the cathode, and the
halogens, (chiefly ehlorine) are liberated at
the anode. Itiswell known that these gases

‘in a free state, are highly noxious to health.

On this account, and for the further reason
that they attack and quickly destroy the
positive electrode in the apparatus used in
any process similar to the one described, their
escape in a free state would render such pro-
cess commercially useless.. To obviate these

difficulties, we supply to the bath the vapor

of water, preferably in the form of steam,

‘which we preferably deliver 4t or beneath
“the surface of the fused mass in a substan-

tially econtinuous manner and in near prox-
imity to, or through, the anode. In the lat-
ter case, a longitudinally perforated carbon
rod C is preferably employed for the anode,
and the steam is passed through the same
as through a pipe, the steam being supplied
through a tube H connected with the upper

twelve parts; chloride of sodium, nineteen | end of the anode C, which may project above

parts; chloride of potassinm, fourteen parts;
but, with a bath constituted as last above de-

the bar D. The steam may also, if preferred,
be conducted through a separate pipe, as the
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“the former).
evolved by our process, are easily controlled

d
‘
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pipe M in Fig. 2. Where the steam is sup-
plied at the surface of the bath, it may be
passed through pipe M’ represented in Fig.
2 by dotted lines, in which case pipe M would

be dispensed with. We may dispense with |

the conduction pipe altogether, and spray
water on the surface of the bath. The water
will instantly assume the spheroidal condi-
tion and quickly vaporize. W e may also pro-
duce the steam by dropping minute frag-
ments of ice on the surface of the bath.
We do not limit our invention to any par-

ticular mode of supplying the steam to the

bath, since any suitable mode may be em-
ployed without departing from the essential
nature of our invention.

The constituents of the steam bemg d1s80-
ciated in, or at the surface of; the bath duar-
ing action, the hydrogen required for our
process 1s supplied in a substantially contin-
uous manner.

Whenthehalogen compounds are liberated
by the electrolysis of the bath, they combine
instantly with the hydrogen constituent of the
steam, and escape at the anode in the form of
hyd rochlorie acid or hydrofliuoric acid (chiefly |
These gases, in the quantities

and disposed of without injury to apparatus
or workmen, by appropriate means external
to the bath, as by the use of a flue K, having
a strong draft and provided with a hood J
projecting over the crucible A; or cloths or
other absorbent media saturated with water
may be suspended over the crucible, the es-

-caping gases being taken up by fhe water

whose power of acting as a solvent for hydro-
chloric and hydrofluoric acid is well known
Such an arrangement isshown in Fig. 2, where
a represents an endless band er apron of cloth
or other suitable fabrie, passing over drums
m, m’ attached to shafts b, ~. The shaft b
revolves in journal boxes ¢ and 18 supported
in any suitable manner, as by a strip ¢’’ sus-
pended from the ceiling. The shaft hrevolves
in boxes ¢’ formed on the edges of the trough

k. The shafts and band or apron a are kept

in revolution in the direction indicated by
the arrows by power from any suitable source
transmitted by the belt d, passing over the
pulley ¢, which isrigidly attached to the shaft
b. Theshaft bis hung somewhat higher than
the shaft A. The drum m’ on the shaft A
runs close to or under the surface of water
w contained in a shallow pan or trough £,
having snitable support /. The band orapron
a being inclined passes through the water w
at the lower side of the drum m’ and is thus
kept saturated with water.
it passes continuously over the crucible.
Wedonotelaim the particular arrangement
of devices just described, not regarding it as
novel, nor do we confine ourselves to the par-
ticular deviee shown, since any other suitable
means external to the bath migat be em-
ployed for disposing of the esecaping gases.
We preferably supply the steam or other

Thus saturated

"fOII]l of water vapor to the bath only in an

amount sufficient to furnish the hydrogen for

the combination with the halogen elements,

or slightly in excess of such amount. |
In the practical operation of our invention,

70

where we use the suggested bath composed of '

the double chloride of aluminium and sodium
and the fluorides of aluminium and sodium,

‘with or without an excess of chloride of so-

75

dium, and with or without the chloride of some - -

| other alkaline metal, we have found that we

obtain at the anode hydroehlonc acid almost
exclusively, with very little trace of fluorine.

the cathode is derived chiefly from the chlo-
ride of aluminium in the bath; and we have

time to time of chloride of aluminiam (Al,Cl)
in sufficient quantities, the bath will be re-
plenished and the process will be a substan-
tially continuous one daring a considerable
period of time. An excess of the chloride of
aluminium produces no injurious effect, as it
is gradually utilized in the subsequent opera-
tion of the process.

We have spoken of fluorine being set flee

difficult to isolate this element. We,however
use the term “fluorine” merely for conven-

free fluorine, if any be liberated, but also any

the anode if hydrogen either free or in coms-
bination were not used in the process.

at the cathode, where it melts forming glob-
ules, which (When one of the suﬂ'gested baths
whose proportions are hereinbetore stated is
employed) gather at the bottom of the bath,
the aluminium having a higher specific grav-
ity than the fused bath. Thealuminium may
then be removed in any suitable or conven-
ient manner, as for example by means of a
ladle lined and covered with carbon, or by
drawing it off throngh a suitable opening at
the bottom. In case a bath should be used
whose specifiec gravity is higher than that of
alumininm, the aluminium -would rise to the

.top, where it could be easily removed.

In the process herein described, we use an
electric current of suitably low eleutro motive
force, usually of from four to ten volts, but

‘the voltage of the current required will de-

pend on the size and form of the electrodes as
ing only necessary to have a voltage sufficient

of aluminiam in the bath, under all the exist-

ing conditions of remstanee and of chemical

constltutlon
The electric current which we employ inour

| process, and which is herein referred to as

being passed through the bath, is employed
solely for purposes of electrolyms

The steam may in the first instance be Sup--

plied to the bath before or after the electric
current is passed throun*h the same, or simul-

This shows that the aluminium deposited at |

found that, by the addition to the bath from

ience, meaning thereby to include not only

to deeompose electrolytwally the compound'

3o

90

though we areaware that itis cousmered very -
» 95

compound thereof which might be set free at

IO

Asbeforestated,thealuminium isdeposited
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well as on the composition of the bath, it be-
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- mass, thereby electrolyzing the same, and sup- |

taneously therewith, the order of the opera-
tions being unimportant. | |

The steam used in our process is likely to
cause some oxidation of the anode if the ma-
terial of the anode is oxidizable; but, unless
the material of the anode is very easily oxi-
dizable, the waste of the anode will be usu-

ally much less than would be the case if the

anode were exposed to the action of free halo-
oens. |
As before stated, our invention is applica-
ble to anv bath into the composition of which
enters a suitable halogen compound of alu-
minium with other suitable ingredients. It
being possible to form a large number of dif-
ferent baths to any of which our invention
would be applicable, we do not limit our in-

vention to the use of any particular bath |
which has been described herein.

In the process herein described, we do not
employ the vapor of water as an agent 1n ac-
complishing the reduction of the metal from
the aluminium compounds used, nor do we

here claim any processin which vapor of wa- |

ter is so employed.
Having deseribed our invention, what we
claim, and desire to secure by Letters Patent,

15—

1. As an improvement in the art of manu-
facturing aluminium, the herein desecribed
process which consists in passing an electric
current through a suitable fused bath con-
taining a suitable halogen compound of alu-
minium, thereby electrolyzing the bath, and
in supplying to the bath the vapor of water,
substantially asand for the purposesset forth.

2. As an improvement in the art of manu-
faecturing aluminium, the herein desecribed
process which consists in passing an electric
current through a suitable fused bath con-
taining the ehloride of aluminium and in sap-
plying steam to the bath, substantially as and
for the purposes set forth.

3. As an improvement in the art of manu-
facturing aluminiom, the herein described
process which consists in passing an eleciric
current through a suitable fused bath con-

taining the chloride of aluminium and the

chloride of an alkaline metal, and in supply-
ing steam to the bath, substantially as and

for the purposes set forth.

4. As an improvement in the art of manu-

facturing aluminium, the herein described
process which consists in passing an electric
current through a suitable fused bath con-
taining the chloride of aluminium and the
chloride of sodium, and in supplying steam
to the bath, substantially as and for the pur-
poses set forth. |

5. As an improvement in the art of manu-
facturing aluminium, the herein described
process which consists in forming a bath by
fusing the chloride of aluminium and the
chloride of an alkaline metal with the fluoride
of aluminium and the fluoride of sodium,
passing an electric current through the fused

527,847

[ plying steam to the bath, substantiﬂll y asand
i for the purposes set forth. | |

6. As an improvement in the art of manu-

facturing aluminium, the herein deseribed

7€

process which consists in forming a bath by

fusing together the chlorides of aluminium
and sodium and the fluorides of alumininm
and sodium, passing an electric current
through the fused mass, thereby electrolyzing
the same, and supplying steam to the bath,
substantially as and for the purposes set forth.

7. As an improvement in the art of manu-
facturing aluminium, the herein desecribed
process, which consists in forming a bath by
fusing together the chlorides of aluminium
sodinum and potassium, and the fluorides of
aluminium and sodium, passing an electric
current through the fused mass, thereby elec-
trolyzing the same, and supplying steam to

| the bath, substantially as and for the pur-

poses set forth. |

8. As an improvement in the art of manu-
facturing aluminium, the herein described
continuous process which consistsin forming
a bath by fusing together the chloride of
aluminium and the chloride of an alkaline
metal, the fluoride of aluminium and the flu-
oride of sodium, maintaining an electric cur-
rent through the fused mass, thereby electro-
lyzing the same, supplying steam to the bath
and replenishing the bath from time to time
by adding thereto suitable quantities of the
chloride of aluminium, substantially as de-
scribed.

9. As an improvement in the art of manu-
facturing aluminium, the herein described
continuous process which consistsin forming

a bath by fusing together the chlorides of

aluminium and sodium and the fluorides of
aluminium and sodium, maintaining an elec-
trie current through the fused mass, thereby
electrolyzing the same, supplylng steam to
the bath and replenishing the bath from time
to time by adding thereto suitable quantities
of chloride of aluminiuin, substantially as de-
scribed. | |

10. Asan improvement in the art of manu-
facturing aluminium, the herein described
continuous process which consists in forming
a bath by fusing together the chlorides of
aluminium, sodium and potassium, and the
filuorides of alumininm and sodium, main-
taining an electric current through the fused
mass, thereby electrolyzing the same, supply-
ing steam to the bath and replenishing the
bath from time to time by adding thereto
suitable quantities of chloride of aluminium,
substantially as described. .

FRANK A. GOOCH.
LEONARD WALDO.

Witnesses as to Frank A. Gooch:
SARAH W. GOOCH,
InA B. MORRISON. |
Witnesses as to Leonard Waldo:
J0s. N. GOLDBACHER, |
MARION FOWLER.
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