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4. Clains. 

This invention relates to the electrolytic pro 
duction of aluminum from aluminiferous fusions. 
The invention is concerned with the electrolytic 
reduction of alumina-containing ore. in Solution, 
Such as alumina or bauxite dissolved in cryolite 
or other suitable salts, and provides an improved. 
method for producing aluminum from Such 
aluminiferous fusions. The invention eliminates 
many of the drawbacks inherent in the uni 
Versally used method and provides a method poS 
Sessing many advantages among which are the 
utilizing of lower voltages, with overall higher 
electrical efficiencies, saving in labor, heat and 
electrodes, better feeding and metal removal. 
The cells now used comprise a refractory lined 

steel shell the bottom carbon lining of which is 
the cathode, and anodes of carbon which are sus 
pended in a bauxite fusion. The cells are rec 
tangular shallow vessels, of Small capacity, Sup 
ported above the floor with the electrodes con 
nected in parallel, each cell using about 5 volts. 
The aluminum collects on the bottom and is 
periodically tapped by flowing it into a ladle. The 
heat from the cell walls and exposed molten and 
crust-covered bath not only is an economic loSS 
but it creates very undesirable working conditions. 
The cell lining is subjected to changes in tem 
perature due to variations in the kilowatts used 
per cell with resulting contraction and cracking. 
These cracks or fissures beeone filled with molten 
bath which Solidifies in time causing a growth 
of the lining and a bulging of the Shell. Under 
this great force, the shells bloat out of shape and 
must be replaced before they split and empty the 
molten bath on the floor. 
culties with such cells is the irregularity in space 
between the conducting bottom and anodes due 
to corrosion and erosion with a resulting unpre 
dictable current density through the bath. 

Heretofore, it has not been possible to increase 
the productive capacity of an aluminum cell with 
out increasing the current load. In carrying out 
the method of my invention, I utilize a cell of 
increased productive capacity constructed to 
carry a higher voltage rather than a higher cur 
rent. Since direct current electrical installations 
in aluminum plants are feasible only at voltages 
of 500 volts or more, the present aluminum plants 
must have about 100 cells in Series, each requiring 
about 5 volts to operate. According to my inven 
tion, I may provide a few large cells, each using, 
Say, 15 or more VoltS. 
In a simple form, the apparatus used in practic 

iing my invention comprises an electrolytic alumi 

One of the main difii 
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one or more intermediate electrodes in the path 
of current flow from the anode to the cathode. I 
may use any suitable number of Such intermediate 
electrodes between an anode and a cathode, Say, 
2, 3, 4, 10 or more. The cell is provided with a 
non-conducting lining in which the flow of cur 
rent is efficiently confined to a path through the 
bath and electrodes and in which the electrodes 
may be submerged to minimize heat loss and cor 
rosion. In practicing the improved method sev 
eral reduction stages are obtained in a single cell. 
One form of apparatus which may be used in 

carrying out the improved method of producing 
aluminum comprises a single cell with one com 
non electrode, either an anode Or a Cathode, 
which supplies current to, or receives current 
from, two groups of intermediate electrodes, each 
having an independent anode or cathode as re 
quired by the common electrode used. I may 
take advantageous use of the higher temperature 
of the anode (caused by carbon oxidation) to 
effect a control over the bath temperature, and 
to this end, I place the anodes at the ends of the 
cell with a common cathode in the center. I may 
also use an anode as the common electrode and 
place two independent cathodes at the ends of the 
cell. In these forms of apparatus, the cell com 
prises two groups of electrodes in parallel, each 
having one or more intermediate electrodes in 
Series. 
As the cell does not require a conducting bot 

toin, it may, with several advantages, be con 
structed in the earth of formed materials, for ex 
ample a monolithic concrete structure With a 
refractory, and preferably also insulating lining, 
With the top at about floor level and in a perma 
nent setting. While I may line the cell with any 
suitable material which is chemically inert to the 
bath irrespective of its conductivity, I have found 
it is more efficient to use a lining which is Sub 
stantially non-conducting at the voltages I use 
for electrolysis. One of the important features 
of the cell which is used in the new method is 
that it may be arranged with the electrodes in 
upright or inclined positions with variable Spaces 
between the active faces with the result that the 
liberated aluminum can trickle to the bottom 
where it is out of electrical contact with the elec 
trodes and the gas can easily escape upward. 
While I prefer to lead the metal into a well from 
which it may be pumped out of the cell, I may also 
adjust the density of the bath to effect a floating 
of the aluminum. 
The electrodes, and especially the cathodes, 

num reduction cell with an anode, a cathode and 55 are formed of graphite, but the anodes, for pur 
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poses of economy, are formed of carbon, such as 
petroleum coke, and are suspended from above 
or otherwise supported in their upright posi 
tions, preferably entirely within the bath where 
they are out of contact with oxidizing gases. 
The intermediate electrodes which are used in 

practicing my invention are, in effect, each a 
combination anode and cathode by reason of the 
fact that the current flows in one side from the 
anode and out the opposite side to the cathode 
giving it a cathode face and an anode face. In 
a number of large scale experiments, I have con 
firmed my discovery that a single electrode sus 
pended between an anode and a cathode, can 
function as an anode and a cathode and that 
the anode face decomposes in combination with 
the oxygen of the alumina. The intermediate 
electrode may be formed of carbon with a 
graphite cathode face. However, from a tech 
nical point of view, it may be formed entirely of 
graphite. 
One of the important improvements of my in 

vention is the use of relatively low voltages be 
tween adacent anode and cathode faces. I may 
use only a sufficient voltage to provide for de 
composition of the alumina and the Small heat 
required to maintain fusion. Suitable voltages 
may be in the order of from 2 to 4 volts. By 
reason of the deep bath, large electrode surfaces 
and close spacing between the active electrode 
faces, I may use a low IR drop and thus prevent 
the generation of useless heat. In view of the 
Several series voltage drops which I may use in a 
single cell, I may use a very large cell operating 
with an overal voltage of from 10 to 5 VoltS or 
more and with parts in parallel. 

In one of its more complete and advantageous 
embodiments, the new method utilizes an elec 
trolytic reduction cell for aluminiferous fusions 
comprising a vsesel lined with material non-con 
ducting at the voltages used, with electrodes in 
series, at least one of which is an intermediate 
electrode in circuit through the bath and with 
means for removing the metal from contact with 
the electrodes. Such cell also includes means 
for adjusting the spacing of the electrodes to com 
pensate for the thinning of the electrodes due to 
the decomposition of the carbon to maintain the 
desired IR drop in the bath from anode face to 
cathode face and thus save a useless loss of heat. 
In contradistinction to the use of present cells 
with their undue loss of heat through the exposed 
shell, the anode, the open top and even in the 
metal removal, I control the generation of heat, 
and accordingly, provide only enough heat to 
keep the bath at an efficient operating tempera 
ture. I can effectively eliminate the loss of heat 
through the sides and bottom by eliminating the 
flow of electricity therethrough and by the use 
of thermal insulation, through the electrodes by 
conductivity because I may submerge them in 
the bath, and by radiation from the top because I 
may cover the top. Since I may cover the top, 
I can prevent the loss of heat by radiation from 
the bath top, prevent the formation of a frozen 
crust on the bath, giving freedom for electrode 
Shifting and control the escape of gas. The 
breaking of the crust on present cells to add 
fresh alumina, or to shift electrodes requires a 
large part of the labor in the operation. Not 
only does this thermal control result in a saving 
of electricity but it provides a clean plant free 
of the unbearable heat now suffered with the 
objectionable, even harmful, gases under control. 
In operating according to my invention, I may 

20 

25 

30 

35 

40 

45 

50 

55 

60 

5 

75 

4 
use exceptionally large reduction cells of much 
greater horizontal area and depth than are now 
possible. This large construction increases the 
thermal efficiency and permits the efficient use of 
mechanical feeders and improved metal removal. 
The above and other novel features of my in 

proved method of producing aluminum Will be 
better understood by reference to the accom 
panying drawings which disclose different forms 
of electrolytic cells which may be used in carry 
ing out the invention. 

In those dra Wings: 
Fig. 1 is a sectional elevational view of one 

form of an electrolytic cell which may be used; 
Fig. 2 is a plan view of another form of electro 

lytic cell which may be used; 
Figs. 3 and 4 are views along lines 3-3 and 

4-4 of Fig. 2, respectively; 
Fig. 5 is a plan view with parts removed of 

another form of electrolytic cell which may be 
used in practicing the invention; 

Figs. 6, 6a, and 7 are views along lines 6-6 
and 7-7 of Fig. 5, respectively; 

Fig. 8 is a view along line 8-3 of Fig. 5 show 
ing the cell cover in position and partly in sec 
tion; 

Fig. 9 is a plan view of the cell cover, and 
Fig. 10 is a sectional view taken at right angles 

to Fig. 8 showing details of the cell cover. 
The electrolytic reduction cells illustrated in 

the drawings are for the reduction of aluminum 
oxide to aluminum. Alumina or other alumini 
ferous material is dissolved in fluoride fusion 
consisting of cryolite to which has been added 
Various amounts of calcium fluoride and SOda, 
ash or aluminum fluoride to lower the fusion 
point. In the preferred embodiment of the in 
vention, the salts are added to provide a bath 
having a specific gravity lower than the specific 
gravity of aluminum, So that aluminum produced 
in the cell will flow to the bottom thereof. 
Hereinafter, the charge in the cells subjected 
to electrolytic reduction will, for convenience, 
be referred to simply as the “fusion' or the 
“bath. 
The simple form of cell illustrated somewhat 

diagrammatically in Fig. 1 comprises a steel shell 
with a refractory lining formed of an elec 

trically non-conducting material, such as fused 
aluminum oxide, or fused magnesium oxide 
bricks 2, the interior surface of which is prefer 
ably covered with a layer of aluminum nitride 
containing material 2' which prevents solution 
of the lining in the bath. Between the steel shell 
and the refractory bricks, I prefer to use a ther 
mal insulation such as powdered alumina 3. The 
anode 3' and cathode 4 are suspended in the bath 
and are preferably completely Submerged. The 
intermediate bipolar electrode 5 is also suspended 
and submerged in the bath between the anode 
and the cathode and in the path of current flow 
therebetween. As a matter of convenience, both 
for Supporting the electrodes and submerging 
them, the iron weighting and supporting lugs 6, 
and 8 are attached to the electrodes by any 

Suitable means as bolts or pins (not shown). 
These lugs simply rest upon the electrically non 
conducting edge of the refractory and support 
the electrodes in relatively adjustable positions 
With respect to each other. 
The three electrodes may be formed entirely 

of graphite. They may also be formed of any 
Suitable form of carbon and it is advantageous 
that the anode and the intermediate electrode be 
formed at least in part of carbon for economic 
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reasons. The intermediate electrode has an 
anodic face and a cathodic face and may be so 
forried that the cathodic face is of graphite and 
th? ?nó?ic face of carbon. In this connection 
most of the mass of the intermediate electrode 
may be formed of carbon with a verythin veneer 
of gráphite fór the cathodic face." 
and cathode are connected to suitable electrical 
conductors 9 and 0 in the form of copper or 
other metal bars with refractory or cast iron 
sleeves 2 and 3 for protecting the conductors 
where they contact the bath. - 

It will be noted that the electrodes are 
arranged in vertical positions. While vertical 
positions may be used, the electrodes may be in 
any effective inclined position providing for the 
unobstructed upward movement of liberated gas 
and the downward flow of reduced aluminum. It is important so to arrenge the position of the 
electrodes that the released gas follows the anode 
face and does not flow over to the cathode area, 
where it can oxidize the reduced aluminum. It 
is important that the aluminum be removed from 
contact with the electrodes, and to this end, the 
aluminum is permitted to flow to the bottom of 
the receptacle and to accumulate at a place out 
óf electrical contact with the electrodes. In the 
simple form of shell shown in Fig. 1, the bottom 
siopes towards the left ånd the metal is free to 
flow in that direction and enter the trough or 
well 4 from which it may be removed from time 
to time. 
A characteristic feature of the operation of a 

cell in accordance with my invention is the use 
of such relatively low voltages as from 2 to 4 
volts between the immediately adjacent elec 
trodes. În the case of Fig. 1, the volt?ge between 
the anode 3' and the intermediate electrode 5 
would be from about 2 to 4 volts and between the 
intermediate electrode and the cathode 4 also 
from about 2 to 4 volts. By placing the elec 
trodes quite close together, for example, around 
2inches, I may use such low voltages, and I prefer 
to use such current densities that the IR drop 
through the electrolyte boundaries around the 
electrodes is large with respect to, or larger than, 
the decomposition voltage. I may use current 
densities through the bath between the electrodes 
of from 1 to 10 amperes per square inch depend 
ing on the relative resistivity of the bath and elec 
trodes employed. With petroleum coke elec 
trodes, the allowable current density varies from 
1 to 10 amperes per sq. in. The cell is so con 
structed and controlled as to direct the current 
through the bath from the anode to the cathode 
without flowing into the refractory. Factors 
which influence this flow of current are the 
thickness of the electrodes with respect to the 
distance of travel through the bath, the current 
density, the voltage, and the non-conductivity of 
the pot lining at the voltages and temperatures 
üšed. 

During the operation of the cell, the bath is 
usually at a temperature of around 920° C. to 
1000 C. and the carbon of the anode and the 
anodic face of the intermediate electrode is con 
sumed in combination with the oxygen of the 
alumina. By reason of the upright position of 
the electrodes, the gas rises and escapes through 
the upper surface of the bath. Reduced alumi 
num is deposited on the cathodic face of the in 
termediate electrode and on the cathode. This 
metal coalesces in small drops and is free to roll 
down the cathode face to the bottom of the re ceptacle and flow into the well 4. As the opera 
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6 
tioni continues, the anode and intermediate elec 
trode become progressively thinner. In order 
to maintain the desired uniform electrical char acteristics, it is accordingly necessary to make 
periodic adjustments in the positions of these 
électrodes. This may be done simply by push 
ing the anode and intermediate electrode in the 
direction of the cathode and ultimately, when 
they become too thin, removing them for re 
placement with fresh electrodes. 

Tfhe simpie cell of Fig. 1 is a somewhat dia 
grammatic fór the purpose of illustrating certain 
fundamental principles and features of apparatus 
which riay be used in the method of the inven 
tion. One important characteristic of the inven 
tion is that the current is passed from electrode 
to electrode withoutflowing through the cell walls. 
and the collected aluminum is not in electrical 
contact with the electrodes. 
The cell of Figs. 2, 3 and 4 is formed in the 

earth with the upper surfaces of the confining 
vessel approximately even with the floor level f8. 
A monolithic body of concrete 9 is poured in 
between a rectangular form and the surrounding 
earth to form the structural support for the sides 
and bottom. Within this concrete mass a lining 
of such refractory material as powdered alumina, 
3e for heat insulation is formed. The pot lining 
2? for the biath receptacle is formed of non-elec 
tricál cÕñducting materiäl, preferably fused alu 
minum oxide with a protective lining of alumi 
num nitrid? 22. As best shown in Fig. 3, the bot 
tom of the receptacle slopes towards the center 
wherein the metal collecting well 23 is provided. 
In this form of the apparatus which may be 

used, the anode 24 is arranged in the center with 
cathode 25 at one end and cathode 26 at the other 
end. The cathodes 25 and 26 are preferably of 
graphite supported upon the insulating members 
28 and 29 resting upon the top of the lining. The 
anode comprises several anode sections 39, 3, 32 
and 33 formed of graphite or carbon, each of 
which is suspended by means of a hook 34 bolted 
théreto oni the " steel bar 35 which, is supportéd in 
brackets 36 and 3 resting on the insulation 28 
and 29. Spaced between the anode and cathode 
25 is the intermediate bipolar electrode 38 con 
prising Separate sections , , 42 and 43 of 
graphite or carbon, each of which is suspended 
by means of a hook 4 on the steel bar 43 which 
rests in the brackets 46 and 47 on the insulation 
28 and 29. Between the anode and the cathode 
26, the intérmediate bipolar electrode 5) is lo 

5 cated comprising the separate sections 54, 52, 53 
and 54 of graphite or carbon suspended by the 
hooks 55 from the steel rod 56 attached to the 
brackets 57 and 58 resting upon the insulation 28 
änd 29. 
As best shown in Fig. 2, it will be seen that the 

cathodes 25 and 26 are at angles converging on 
the plane of the anode and that the anode sec 
tionis 30 tó 33 are of progressively decreasing 
width. The electrode sections is to 43 of the in 
termediate electrode 38 and the electrode sec 
tions 5f to 55 of the intermediate electrode sa are of progressively decreasing width. As the 
intermediate electrodes are consumed in combi 
nation with oxygen and become thinner, they are 
moved along the bars 85 and 56, as shown in Fig. 
2, towards the upper edge of the figure. The 
sectionis in the positions of sections 43 and 54 
are removed when they become too thin and the 
other sections are pushed upward, as viewed in 
Fig. 2, to make room for fresh sections placed 
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in the positions of sections 40 and 5. Similarly, 
the sections of the anode are shifted towards the 
bottom, as viewed in Fig. 2, the section 30 being 
removed when consumed, and after the other 
sections are shifted to the front, a fresh Section 
is placed in the position of section 33. In this 
arrangement for the manipulation of the elec 
trodes, a substantially uniform distance is main 
tained between the active faces of the electrodes 
and the uniformity of the operation is facilitated. 
The electrodes of Figs. 2 to 4 may be in the 

neighborhood of 20 inches in depth and in the 
aggregate approximately 24 inches in horizontal 
length. The fresh sections of intermediate elec 
trodes and anode may be approximately 6 inches 
square in cross section. When these sections are 
consumed, they may be a little more than 1 inch 
thick. They are removed before they become So 
thin as to break off and fall into the bath. 
As best shown in Figs. 3 and 4, the upright po 

sitions of the electrodes permit the gas to escape 
freely and the metal to fall to the bottom of the 
receptacle out of electrical contact with the elec 
rodes. The aluminum which accumulates in the 
Well 23 foWS into the latera eXten SiOn, 60 from 
which it may be removed by means of a pump 
inserted in the upright duct 6 after removal of 
the cover 62. By reason of the weight of the bath 
resting upon the aluminum in the Well 23, the 
aluminum is forced upward a considerable dis 
tance in the removal duct 6, as shown in Fig. 4, 
and is therefore accessible for removal. 
The arrangement of electrodes shown in the 

apparatus of Figs, 2 to 4 comprises a parallel cir 
cuit with the current entering a common anode 
and splitting to flow into the two independent 
cathodes 25 and 26. While I have shown but one 
intermediate electrode in each series circuit be 
tween the anode and the cathode, I may use two 
or more intermediate anodes in the series circuit. 
The reduction cell illustrated in Figs. 5 to 10 

is of a large type formed mostly below the floor 
level 64. The receptacle for the bath comprises 
a monolithic supporting structure of concrete 65 
cast between a form and the surrounding earth, 
a thermal insulating refractory 66 consisting of 
powdered alumina or other suitable heat resist 
ant material and a layer of dense fused alumina, 
bricks 67 of high electrical resistivity. In order 
to protect the bricks from solution in the bath, I 
have found it advantageous to line the bricks 
with a layer of aluminum nitride containing ma 
terial 68. The upper inner edge portion of the 
receptacle is covered with a row of the electrical 
ly non-conducting bricks 67. The anode 69, the 
intermediate electrodes 70, 7, 72 and 73 and the 
intermediate electrodes 4, 5, 76 and T are Sup 
ported upon these bricks 67. In order that the 
anode and the intermediate electrodes will be 
held in the bath and prevented from floating, 
they are each attached at their upper ends to iron 
weights 80 by means of alloy steel bars 8 f. The 
weights 80 not only hold the electrodes down in 
the bath preventing them from floating but they 
provide a simple support and a convenient means 
for shifting the intermediate electrodes along the 
bricks 67 in the direction of the anode 69. In 
this form of cell the anode is preferably formed 
of carbon because of its lower rate of decompo 
sition. The power conductor 82 is bolted to the 
anode. 
The cathodes 83 and 84 are preferably formed 

of slabs of graphite 85 and 86 fitted Snugly into 
the end walls of the receptacle. Electrical con 
tact with the conducting bars 87 and 88 is effected 
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8 
by means of the rods 89 and 90 embedded in the 
graphite. 
This form of cell also comprises a parallel elec 

trical circuit in which the current enters the cell 
through the anode, divides and flows in one series 
circuit through the intermediate electrodes 70 to 
3 and out through the cathode 83, and flows in 
another series circuit through the intermediate 
electrodes 74 to 77 and out through the cathode 
84. In the operation of this cell the anode and 
the intermediate electrodes are consumed in Con 
bination with oxygen and become progressively 
thinner. As shown in the drawings, the inter 
mediate electrodes have both anode and cathode 
faces and in a satisfactorily controlled operation 
the current density and spacing is So adjusted as 
to give approximately from 2 to 4 volts between 
the active faces with the result that each series 
circuit has an overall voltage of approximately 
10 to 20 volts. The intermediate electrodes are 
preferably formed of carbon with a graphitic 
cathode face so that the bulk of the carbon con 
Sumed is carbon comprising the anode face. Fig. 
6 shows a cell with fresh electrodes and Spaced as 
at the beginning of an operation. Fig. 6d. ShoWS 
the condition of the electrodes during operation. 
As the intermediate electrodes and anode become 
progressively thinner, the intermediate electrodes 
and cathode are shifted towards the anode while 
maintaining the proper space therebetween. As 
they reach the position of electrodes T3 and 5, 
they are removed and fresh intermediate elec 
trodes, varying in thickness from 4 to 6 inches, 
are placed in the positions of electrodes 0 and Ti. 
The bottom of the receptacle slopes towards the 

center so that the metallic aluminum may flow 
into the collecting trough 92 and enter the lateral 
extension 93 and rises in the metal removal duct 
94 which is protected from the atmosphere by the 
removable cover 95. By means of any suitable 
pump or Syphon, the metal may be removed from 
time to time. 
My invention contemplates the utilization of a 

cell similar to the cell of FigS. 6 to 0 in which a 
common cathode is used in the central position of 
anode 82 with independent anodes in the posi 
tions of the cathodes 83 and 84. In this form of 
cell the series circuit flows in the opposite direc 
tion, and since the anode is consumed, it is con 
siderably hotter than the cathode by reason of 
the oxidation of the carbon and thus provides 
suitable bath temperatures at the ends of the cell. 
As best shown in Figs. 8 to 10, the cell of Fig. 5 

may be provided with a renovable cover to pre 
went the radiation of heat from the cell and to 
prevent a frozen crust from forming on the top 
of the bath, thus assuring the free movement of 
the intermediate electrodes, and a control over the 
eScape of liberated gases. The cover 60 com 
prises a steel exterior supporting frame 0 t with 
interior reinforcing I-beams 02. The upper part 
of the cover is filled with rammed alumina, 03 
and the inner part of the cover that is exposed to 
the open cell is lined with a thick layer of carbon 
paste 04. Stabilizing bars may be embedded in 
the refractory at suitable places to help anchor 
the refractories to the steel frame. The cover is 
arranged to lay flush over the top of the cell and 
there is sufficient clearance under the arched re 
fractory lining for the electrodes and their elec 
trical connections. Gas accumulating under the 
cover may escape through duct 05 and be led 
away through a suitable pipe. 
The cover can be moved from its position over 

the cell by means of the hoist O which travels 
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in a lengthwise direction of the cell on the rails 

f. The hoist comprises a structural steel frame 
2 with axles 3 at the ends on which are 

mounted rail wheels f4 which travel on the rails 
. The cables 5 and 6 are each connected 

at one of their ends to a bar f2O attached to a 
threaded nut 2 which travels on the threaded 
shaft 22 and at their other ends to eye-bolts 24 
and 25 which connect to the frame O of the 
cover (Fig. 8.) The cables f and 8 are each at 
tached at one end to the bar 26 fixed to the 
threaded nut 27 which travels on the threaded 
shaft 22 and at the other ends to eye-bolts (not 
shown) but similar to 24 and 25 attached to the 
cover as just described. The cables 5 and 6 
pass upwardly over the pulleys 28 and 29 and 
then horizontally over the pulleys 30 and 3 to 
the bar 2. The cables 7 and 8 pass up 
wardly from the cover over the pulleys 34 and 35 
and 36 and 37 to the bar 26. The shaft 22 
may be rotated by hand by means of the crank 
38. As shown in Fig. 9, the threads on shaft 22 
are both right and left, so that by turning the 
crank in one direction, the threaded nuts 2 and 
27 move toward each other, while turning it in 
the opposite direction causes them to move away 
from each other. In the position shown in Fig. 
9, the cables have been pulled in towards the cen 
ter and thus hold the cover in an upward sus 
pended position. By pushing the hoist along the 
rails , the cover may be removed from its po 
sition over the cell. By turning the crank 38 to 
spread the nuts 2 and 27 apart, the cover may 
be lowered to the position over the cells shown in 
Fig. 8. The track may be of sufficient length 
to completely remove the cover from its position 
over the cell, or only sufficiently long to expose, 
Say, one-half of the cell at a time. 

In the appended claims, "alumina' is used in a 
generic sense and includes its hydrous forms, such 
as bauxite, as well as the anhydrous form. 
I claim: 
1. In a method of producing aluminum by the 

electrolysis, of a fused bath of alumina dissolved 
in cryolite having a specific gravity lower than 
the specific gravity of aluminum and at a tem 
perature higher than the melting point of alumi 
num, in an electrolytic cell, the improvement 
which comprises maintaining the anode and the 
cathode in generally vertical position, maintain 
ing at least one generally vertically-positioned 
bipolar electrode between the anode and the cath 
ode, passing the electric current through the 
fusion from the anode to said bipolar electrode 
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and to the cathode in series, whereby electro 
lytic decomposition of the aimina is effected and 
aluminum in a molten state is liberated at the 
Cathode and at the cathodic face of said bipolar 
electrode and flows downwardly to the bottom 
of the cell, and relatively moving said electrodes 
towards one another as the electrolytic decom 
position proceeds to compensate for consumption 
of said anode and the anodic face of said bipolar 
electrode. 

2. The improvement in the method of produc 
ing aluminum by electrolysis as set forth in claim 
1 in which the flow of electric current between 
the Several electrodes is maintained without flow 
ing through the fusion to the cell receptacle. 

3. The improvement in the method of produc 
ing aluminum by the electrolysis as set forth in 
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claim 1 in which the cathode and the bipolar 
electrode are spaced from the bottom of the cell 
so that liberated molten aluminum will flow from 
the cathode and from the cathodic face of Said 
bipolar electrode to the bottom of the cell, and 
removing accumulated liberated aluminum from 
the bottom of the cell to keep it out of contact 
With Said cathode and said bipolar electrode. 

4. The improvement in the method of produc 
ing aluminum by the electrolysis as set forth in 
claim 1 in which the electrolytic cell has a re 
fractory lining, the voltage from electrode to 
electrode is from about 2 to 4 volts in the series 
circuit, and in which the flow of current from the 
electrodes through the fusion to the refractory 
lining is prevented. 

ARTHUR. F. JOHNSON. 
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