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Patented Mar. 17, 1953 2,631,972 

UNITED STATES PATENT OFFICE 
2,631,972 

PROCESS AND APPARATUS FOR THE ELEC 
TROLYTIC PRODUCTION OF MATERALS 

Bruno B. A. Luzzatto, Washington, D. C. 
Application June 28, 1948, Serial No. 35,646 

(Cl. 204—67) 18 Claims. 
1. 

This invention relates to the art of electro 
chemistry. More particularly it pertains to elec 
trolytic operations involving the utilization of 
electrode furnaces or cells adapted for the elec 
trochemical production of a substance through 
the expedient of an appropriate electrolyte. In 
its preferred adaptations, it is directed to the 
electrolytic production of aluminunn from corn 
pounds thereof, preferably alumina, including 
Within its purview both procedural and appa 
ratus features. 

In order to facilitate a comprehensive consid 
eration of the features of the invention, the fol 
lowing description is illustratively presented With 
reference to the aforesaid preferred embodiment 
thereof, the electrolytic production of aluminum 
from a fused bath containing alumina, in an 
electrolytic furnace or cell which preferably in 
voives the adaptation of the so-called Self-bak 
ing type of electrode. It will however be under 
stood that the invention herein is not restricted 
in its Scope to such optimum embodinent, either 
With respect to the materials indicated, features 
of procedure, or electrolytic furnace or cell char 
acteristics, since it is of Substantial latitude in 
its sphere of adaptation and field of application. 
The production of aluminum from a fused bath 

containing an aluminum oxide, Such as alumina, 
and a fluoride, desirably cryolite, by electrolysis 
of Said bath in a self-baking electrode type of 
cell or furnace has afforded the prior art certain 
advantages. Nevertheless various ShortcomingS 
and disadvantages have persisted, Serving to ac 
centuate the necessity for Substantial improve 
ment and increased efficiency. Among the prob 
lems encountered, by way of illustration, has 
beer that, applicable to the above referred Self 
baking electrode, also known as the Soderberg 
or continuous type of electrode. These electrodes 
are generally recognized in the art and have 
been described in such early patent.S of Soderberg 
as No. 442,031 and No. 1,670,052. Usually these 
electrodes are of carbonaceous derivation and 
coin prise a plastic or fluid composition, such 
as in the form of a paste which paSSes through 
a molding casing appropriately positioned rela 
tive to the electrolyte for use of the electrode 
during the course of its formation. The heat 
of the furnace or electrolytic Operation bakes 
and hardens the lower portion of electrode, there 
by adapting it for its function. Various contact 
adaptations are resorted to for these electrodes, 
and desirably they are of the vertical type, as 
illustratively shown in the patent to Manifredini 
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2 
No. 2,224,739 and that to Trematore No. 2,100,927, 
both of which are further indicative of the use 
of the self-baking electrode in connection with 
the electrolytic production of aluminum. 

Excessive corrosion of the self-baking electrode 
has been manifested as a result of the access of 
heated air to the lower portion thereof, which is at 
a comparatively high temperature-substantially 
the maximum attained at any part of the elec 
trode during the electrolytic operation. Thus 
the maximum temperature is influenced by the 
proXimity of the electrode to the bath, the highest 
temperature of the bath occurring under the 
electrode where the interpolar distance is a mini 

. 
Moreover both the baking of the electrode, 

which normally contains a substantial propor 
tion of hydrocarbons in its initial composition, 
and the electrolytic process per se give origin 
to gases which are obnoxious and toxic in their 
characteristics, notwithstanding their content 
of valuable constituents, and their segregation 
and collection pursuant to the prior art has 
presented elements of inexpediency and inefii 
ciency. This is attributable primarily to a dis 
persion or loSS of the evolved gases as a result 
of the characteristics of the electrode and the 
cell or furnace Structure, as well as a loss of 
heat value attainable from these gases. 
An additional difficulty has been encountered 

in the prior art with respect to the supply of 
the raw material, such as alumina, and/or cry 
olite to the cell or furnace, particularly in view 
Cf the tendency of crust formation during the 
electrolysis. The said crust formation is gen 
erally conceded to be attributable to the sur 
face solidification of the electrolyte bath, as a 
result of the lower temperature prevailing at 
this area, compared with the temperature of the 
Cell Operation. It functions as an obstruction im 
peding the Supply of raw materials to the cell 
Or furnace, eSpecially where any continuous feed 
ing is contemplated, and obstructs the controlled 
removal of gases evolved by the electrolytic op 
eration, free from excessive extraneous diluents, 
Such as air, at predetermined collecting zones. 
Thus the usual manner of supplying raw ma 

terials to the electrolytic bath has heretofore 
necessitated the physical crushing of its encrusted 
Surface, With an attendant impairing of the efi 
ciency of cell operation. For example it has 
reindered the effective control of the temperature 
of cell Operation quite impracticable, and has in 
Substantial measure prevented any expedient 
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continuous operation. This is emphasized by the 
recurrent and substantially uncontrolled devel 
opment of the So-called "anodic effect' in elec 
trolytic cell operations, the said effect being co 
incident with the reduction of the alumina, con 
tent in the electrolyte bath to a minimum, at 
Which time Steps must be taken to replenish the 
eSSential raw materials. The development of this 
"anodic effect' with attendant low concentra 
tion of alumina, causes an increase in the cell 
Voltage, Which by Way of illustration may be 
from a value of 5 WoltS required for normal op 
eration of a given cell to 50 volts attributable to 
the extenuating circumstanceS prevailing as a 
result of the said 'anodic effect.' It Will ac 
cordingly be apparent that the optimum condi 
tions of temperature applicable to a given cell 
operation cannot be maintained under Such cir 
cumstances, and the efficiency of the cell, par 
ticularly in view of the intervening Substantially 
uncontrollable "anodic effect,' is Subject to Sub 
stantial disturbance. 
Objections similar to that which pertain in 

connection with the feeding of raw materials to 
the cell have prevailed with respect to the With 
drawal of aluminum from the cell or furnace. 
In the case of comparatively Small electrolytic 
installations the removal Of the product of elec 
trolysis is in many cases manually accomplished 
by resort to a cast iron "flower' pot into which 
the molten metal is permitted to fiOW from the 
bottom portion of the cell or furnace beneath 
the electrolytic bath which is present as an upper 
stratification of molten material in the Cell Ol' 
furnace. The metal may then be subjected to 
hand ladling, while in larger cell or furnace in 
stallations, a Suction System has been utilized 
for withdrawal of the molten aluminum, this 
manipulation has necessitated a preliminary 
breakage of the crust or film formation normally 
prevailing on the Surface of the bath, and as 
a result thereof, the removal of the molten metal 
has usually been resorted to during the time 
interval of feeding alumina, or the like to the 
bath at the time of the development of the above 
referred to 'anodic effect,' in Order to thereby 
avoid duplication of the interruption of the cell 
or furnace operation. Thus in general the re 
moval of the products of electrolysis has not lent 
itself to any efficient continuous Operation, and 
has involved various problems as indicated. 

Efforts to circumvent difficulties of the type 
indicated have afforded an element of improve 
ment. A development in this connection has 
been the coordination. With the Self-baking elec 
trode of a So-called double-ring chamber de 
termining a compartment adapted to Segregate 
and remove the gases evolved by the electrolytic 
operation from a Zone peripherally adjacent the 
electrode and contiguous the bath Surface. This 
has permitted the Withdrawal of a substantial 
portion of the gases resulting from the cell op 
eration, and has afforded in a measure the util 
ization of some of the heat values attainable 
from the said gases. Thus the positioning of 
this zone at the lower portion of the Self-baking 
electrode adjacent the electrolyte bath, thereby 
embracing a zone of maximum temperature dur 
ing the cell operation, has to Some extent Con 
tributed in retaining a comparatively restricted 
portion of the bath surface in molten condition 
or with a comparatively limited crust formation, 
such as in the form of a thin film. For a Con 
ventional type of cell or furnace, the extent of 
the molten area of bath surface attainable 
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4 
through this expedient has been for a distance 
of One inch and up to a maximum of approxi 
mately two inches from the electrode. 
Consideration has been given to the supply of 

raw materials, such as alumina, during the cell 
Operation by feeding the same to the aforesaid 
restricted molten Zone immediately adjacent the 
electrode and embraced by the double-ring 
chamber. However this has been subject to 
Shortcomings because of the uncertainty and 
limitations of the extent of the said molten area, 
adjacent the electrode. Thus notwithstanding 
the improvement attainable with the double 
ring chamber, efforts directed to an efficient op 
eration of an electrolytic cell or furnace have 
not been free from criticism and objection, espe 
cially from the Standpoint of attaining a depend 
able, regulated supply of raw materials, and/or 
Withdrawal of the products of electrolysis, such 
as that commensurate with a reasonably con 
tinuous efficient operation, including the desir 
ability for a controlled maintenance of optimum 
temperature conditions. 

It is an object of this invention to obviate 
Such difficulties and uncertainties as hereinabove 
indicated. 
Another object is to improve the efficiency of 

an electrolytic cell or furnace operation wherein 
the electrolyte utilized manifests a tendency to 
Surface Solidification at the prevailing conditions 
of procedure, and adapting the same for a con 
tinuity of operation. 
An additional object is to improve the per 

formance of an electrochemical procedure in 
Wolving all electrolyte which manifests a tend 
ency to Surface Solidification, by maintaining a 
predetermined area of electrolyte surface in sub 
Stantially molten state during the electrolytic 
Operation for the facilitated supply of raw ma 
terial to and/or Withdrawal of reaction products 
from the said electrolyte. 
A further object is to enhance the operation 

of an electrochemical procedure wherein the 
electrolyte manifests a tendency to surface 
Solidification, by retaining one or more prede 
termined areas of bath surface in substantially 
molten State during the electrolytic operation for 
the Supply of raw material to and/or the with 
drawal of reaction products from said bath, 
through the concentration at said area or areas 
of heat values attainable in any expedient 
alle. 
An important object is to attain an improved 

production of aluminum in an electrochemical 
procedure involving an electrolytic bath which 
manifests a tendency to surface solidification, 
by maintaining one or more predetermined areas 
of bath Surface in Substantially molten state dur 
ing the electrolytic operation for the supply of 
raw material to and/or the withdrawal of re 
action products from said bath, through the 
concentration at Said area or areas of heat values 
attainable from gases evolved by the electrolytic 
Operation, Supplemented if desired by the addi 
tion of heat values from an extraneous source, 
Such as by the Supply of added combustible gases. 
Another important object is to afford an in 

creased efficiency of aluminum production in an 
electrochemical procedure involving an electro 
lytic bath which manifests a tendency to surface 
Solidification, by maintaining one or more prede 
termined areas of bath surface in substantially 
molten state during the electrolytic cperation 
for the Supply of raw material to and/or the 
Withdrawal of reaction products from said bath, 
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through the concentration at said area. Or areas 
of heat values attainable from gases evolved by 
the electrolytic operation, supplemented if de 
sired by the addition of combustible gas from 
an extraneous source, said heat values preferably 
being subject to a coordinated heat eXchange re 
lationship with the aforesaid supply and/or 
Withdrawal of materials. 
A significant object is to provide an improved 

electrochemical procedure for the production of 
aluminum from a molten alumina-containing 
electrolyte which manifests a tendency to surface 
Solidification and wherein the electrolytic Opera 
tion involves the adaptation of a self-baking type 
of electrode, by maintaining one or more predeter 
mined areas of bath Surface in substantially mol 
ten state during the electrolytic operation for the 
supply of raw material to and/or the withdrawal 
of reaction products from said bath, through the 
concentration at said area or areas of heat values 
attainable from gases evolved by the said elec 
trolytic operation including the combustion of Said 
gases, said gases if desired being augmented by 
combustible gas from an extraneous Source, Said 
heat values preferably being Subject to a coordi 
nated heat exchange relationship with the afore 
said supply and/or withdrawal of materials. 
Another primary object of the invention is to 

devise apparatus adapted to afford the various 
features of procedure contemplated by the inven 
tion. 
A significant object is to devise apparatus 

adapted to afford an improved efficiency of elec 
trolytic operation including the various procedural 
features of the invention. 
An added object is to produce an expedient elec 

trolytic furnace or cell adapted to afford prede 
terined areas of heat concentration on the sur 
face of the electrolyte utilized. 
A still further object of the invention is an elec 

trolytic furnace or cell combination particularly 
applicable wherein the electrolytic bath manifests 
a tendency to surface solidification during the ceil 
or furnace operation, including means for con 
centrating heat values at a predetermined area or 
areas of hath surface for inaintaining Said area, 
or areas in a substantially molten State, and 
means for conveying raw material to and/or With 
drawing reaction products from said bath. 
Another significant object is an electrolytic fur 

nace or cell combination manifesting an improved 
efficiency of operation particularly applicable 
wherein the electrolytic bath manifests a tendency 
to surface solidification during the cell or furnace 
operation, including a chamber for segregating 
gases evolved by the electrolytic operation and 
means for concentrating the attainable heat 
values of said gases embracing means for burning 
of the combustible content thereof at a predeter 
mined area, or areas of bath surface for main 
taining said area, or areas in a Substantially mol 
ten state. 
Another object is an electrolytic furnace or cell 

combination including a self-baking type of elec 
trode, a chamber correlated with Said electrode 
for segregating gases evolved by the electrolytic 
operation, means for concentrating the attainable 
heat values of said gases and for burning the con 
bastille content thereof contiguous a predeter 
iniined area or areas of bath surface for main 
taining said area or areas in a Substantially mol 
ten state, and means for conveying raw material 
to and/or withdrawing reaction products from 
said bath, said conveyor or withdrawal means be 
ing in coordinated heat exchange relationship 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

80 

65 

70 

75 

6 
with said means for concentrating the gaseous 
heat Values. 
An additional important object is an attach 

ment for an electrolytic furnace or cell particu 
larly applicable to operations wherein the elec 
trolytic bath manifests a tendency to surface 
solidification, said attachment being removably 
positionable relative to the electrolytic bath and 
adapted to concentrate at a predetermined area, 
or areas of bath Surface heat values attainable 
from gases including the burning of the com 
bustible content of said gases. 
Another object is to provide an electrolytic fur. 

nace or cell combination particularly applicable 
to operations wherein the electrolyte manifests a 
tendency to surface solidification, including a self 
baking type of electrode, a chamber coordinated 
with said self-baking electrode for segregating 
gases evolved by the electrolytic operation, a 
burner attachment removably positionable with 
in said chamber to concentrate the heat values 
attainable from Said gases and burn the com 
bustible content thereof contiguous a predeter 
inined area, or areas of bath Surface, thereby main 
taining Said airea, or aireas in Substantially molten 
state, and conveyor means for supplying raw ma 
terials to and/or means for withdrawing reac 
tion products from Said bath at Said predeter 
nined area, or areas, said conveyor or withdrawal 
means being in C00rdinated heat eXchange rela 
tionship with Said burner attachment. 
Another expedient object is a burner attach 

ment for an electrolytic furnace or cell particu 
larly applicable to operations wherein the elec 
trolytic bath manifests a tendency to surface 
solidification, said attachment being removably 
positionable relative to the electrolytic bath and 
adapted to concentrate at a predetermined area, 
or areas of bath Surface heat values attainable 
from gases including the burning of the com 
busible content of Said gases, Said attachment in 
cluding in integrally removable relationship 
lineans for conveying raw material to the bath at 
Said area. Or areas and/or Withdrawing reaction 
products therefrom. 
An added object of importance is a self-baking 

electrode of novel structure adapted to afford an 
enlarged Zone of maximum heat concentration 
i'elative to the adjacent Surface of an electrolyte in 
cCordinated aSSociation with saidi electrode. 
Other objects, attributes and features of the 

invention Will bscoine apparent from the descrip 
tion read in coninection with the accompanying 
dira, Willings in Withich Sirimilar elements are desig 
lated by like inuinerals. 

Fig. relates to a fragmental'y Wertical Sec 
tion diagraniinatically showing the relationship 
of electrode With molten bath and iindicating the 
Zone of Inaxinuin heat concentraticin, which cor 
responds with the Zone of maxiinum current in 
tensity in the bath. 

Fig. 2 comprises a curve illustrating the pre 
wailing temperature conditions in the bath, espe 
cially as it pertains to the interpolar zone of Fig. i. 

Fig. 3 represents a diagrammatic fragmentary 
vertical Section of an electrolytic furnace or cell 
embracing means for Segregating the gases front 
the electrolytic Operation in combination. With a 
self-baking type of electrode, and coordinated 
with an attachment for concentrating the heat 
values obtainable from these gases at a prede 
termined zone of the bath, the Said attachment 
including a conveyor for Supplying raW material 
to the bath at said predetermined Zone. 
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Fig. 4 is a horizontal section taken along line 
4-4 of Fig. 3. 

Fig. 5 represents a combination analogous to 
that shown in Figs. 3, 4 and of similar Sectional 
view, differing in the details of the attachment 
device modification, but including corresponding 
fundamental structural features for collecting 
the gases, burning the combustible ingredients 
thereof, concentrating the attendant heat values 
at a predetermined Zone of the electrolyte bath 
surface, and including correlated means for feed 
ing the raw material at the said predetermined 
bath Zone. 

Fig. 6 is a horizontal Section of the apparatus 
shown in Fig. 5, taken along line 6-6 of the latter 
figure. 

Fig. 7 provides an additional modification of 
apparatus combination of gas collector, burner 
and feeding means correlated with a Self-baking 
type of electrode, applicable to a predetermined 
Zone of heat concentration. Within the Collector, 
this combination likewise shown as a diagram 
matic vertical Section. 

Fig. 8 is a cross-sectional view taken along line 
8-8 of Fig. 7. 

Fig. 9 is directed to a further Structural modi 
fication of the invention also shown in Sectional 
elevation, including the chamber for collecting 
evolved gases coordinated with a longitudinally 
slotted self-baking type of electrode, the burner 
conveyor attachment being positioned essentially 
within an aforesaid electrode slot. 

Fig. 10 is drawn to a cross-sectional view taken 
along line 0-0 of Fig. 9. 

Fig. 11 relates to another modification of the 
electrolytic cell combination combining gas col 
lecting chamber, longitudinally slotted Self 
baking electrode and burner attachment Corre 
lated with an electrode slot, this burner attach 
ment including means for withdrawing the prod 
ucts of electrolysis in lieu of the conveyor for 
supplying raw materials shown in the previous 
modificationS. 

Fig. 12 is indicative of a horizontal croSS Sec 
tion of the structure of Fig. 11, taken along line 
2-2. 
Fig. 13 pertains to a diagrammatic plan Section 

of an electrode provided With a gaS Collecting or 
double-ring chamber subdivided into four con 
partments, each compartment having positioned 
therein a device of the type described in any of 
FigS. 4–12. 

Fig. 14 is another schematically indicated hori 
Zontal section of a differentiated aSSociation of 
double-ring chamber with an attachment device 
of the type disclosed, the device being shown 
positioned between two electrodes. 

Fig. 15 pertains to an electrode modification in 
vertical section, preferably of the Self-baking 
type, indicating a plurality of slotS or channels 
extending longitudinally of its perimetric Sur 
face. 

Fig. 16 shows an additional longitudinally 
Slotted electrode modification. 

Fig. 17 is directed to a horizontal fragmentary 
section taken along line - Ti of the electrode 
modifications Shown in either Fig. i 5 or Fig. 16, 
together with a curve of the heat or temperature 
characteristics applicable to the lower portion of 
the slotted Zone or area, determined by the ad 
jacent electrode Wall Surface. 
Without intending to be restricted to any par 

ticular theory or explanation it is generally rec 
ognized that optimum conditions are applicable 
for the efficient operation of a given electrolytic 
furnace or cell, dependent upon the character 
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8 
istics of the said cell or furnace as well as the 
nature of the reaction involved. Similarly and 
as a corollary to the furnace or cell operation it 
is Well recognized that the electrode chemical 
procedure per Se is usually subject to optimum 
COnditions of reaction, 
In connection with such optimum conditions 

of operation and reaction, there are definite in 
dications to the effect that the temperature in 
volved may be of critical importance, and this is 
illustrated by reference to the electrolytic pro 
duction of aluminum from a molten bath com 
prising cryolite and alumina as the electrolyte. 
Thus a temperature materially in excess of that 
pertaining during optimum conditions of opera 
tion results, among other objections, in an undue 
energy loSS and an adverse effect on the struc 
tural facilities. Conversely an excessive reduc 
tion of temperature may detrimentally affect the 
reaction and cell operation since it tends to in 
crease the Viscosity of the electrolytic bath with 
an attendant decrease or retardation of the 
Solubility of the raw materials supplied thereto, 
particularly alumina. In this connection while a 
highly fluid bath is conducive to a comparatively 
rapid Source of alumina added to the electrolyte, 
as the bath viscosity increases the solubility char 
acteristics of the alumina therein are diminished. 
Moreover the increase of electrolyte viscosity 
manifests an objectionable effect on the electro 
lysis, and as the temperature is unduly permitted 
to decrease there is a more or less progressive 
tendency of the electrolyte to assume the condi 
tion of a viscous paste and ultimately even an 
eSSentially Solidified state. 

It is noteworthy that even with efficient op 
eration and optimum prevailing temperature, 
the electrolysis of an alumina-cryolite bath 
manifest a tendency to surface crust formation. 
Thus this characteristic surface crust, it is be 
lieved, may function in the capacity of a heat 
insulator with the temperature within the body 
of the bath below the crust being retained at 
an appropriate value for optimum conditions 
of electrolysis. Despite this possibility of re 
taining an element of efficiency in view of the 
Said characteristic crust formation, from a prac 
tical standpoint the maintenance of an efficient 
Operation has proved to be difficult if not im 
possible. This is illustrated by the necessity 
for crushing the surface crust, usually by manual 
efforts, as a preliminary to feeding the raw ma 
terials to the bath, thereby disturbing the efficien 
cy of the reaction. Moreover the practice in 
the art has been to avoid such disturbance of 
the reaction until the interval that a so-called 
"anodic effect" develops, this being indicative of 
a drop in the content of raw material, especial 
ly alumina, required for continuing the elec 
trolysis. At the interval of the “anodic effect' 
manifestation, the bath temperature rises quite 
abruptly to a value materially above the optimum 
temperature conditions, and the supply of raw 
material to the bath during this interval causes 
a material drop in temperature due to heat losses 
from the bath Surface as well as in view of the 
heat values required for bringing the raw ma 
terials up to the bath temperature. In summary 
the Supply of alumina to the bath at the time 
that an “anodic effect” has developed per se re 
Sults in a significant heat loss, and together 
With the inevitable losses attendant the inter 
mittent necessity for breaking the crust to feed 
raw materials, Substantially impairs the efficien 
cy of operation. 
This objectionable disturbance of optimum 
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temperature conditions is not subject to obvia 
tion by resort to a mechanical agitation in an 
effort to prevent crust formation, since such re 
course introduces the objections of localized 
cooling of the bath and the aforesaid tendency to 
a development of an excessive electrolyte viscos 
ity, With the disadvantages indicated above. On 
the other hand, resort to temperature values ma 
terially above the level of optimum efficiency. On 
its face is inconsistent with practical and ex 
pedient cell operation. 
Within the purview of the present invention, 

it has been found that the requisite operative 
efficiency may be attained by the expedient of 
providing or retaining a predetermined re 
stricted area, or areas of electrolyte or bath Sur 
face in an essentially molten state, or susceptible 
to conversion to Such a state, during the Opera 
tion of the furnace or cell under optimum con 
ditions, including that of preferred temperature 
values. Under Such circumstances, the raw or 
make-up materials may be supplied to the bath, 
or reaction products withdrawn therefrom, at 
the aforesaid molten area, or areas without the 
necessity of intermittently crushing the surface 
crust formation or resorting to objectionable 
mechanical stirring, and generally without dis 
turbing the optimum conditions of cell opera 
tion. Moreover it has been further ascertained 
that the desired localized molten areas of bath 
Surface may be expediently provided by appro 
priate concentration of heat at such points, and 
that the gases evolved by the electrolytic Opera 
tion per se, or supplemented by gases from any 
predetermined extraneous source, may effective 
ly supply the required heat values. Similarly if 
desired, the requisite heat may be attained ex 
clusively through the expedient of a heating 
medium or vehicle derived from a source out 
side of the electrolytic operation. 
The following is illustrative of the heat Values 

attainable from the operation of a given cell in 
the production of aluminum by the electrolysis 
of an alumina-cryolite bath, wherein the energy 
requirements have been approximately 18 kilo 
watt hours per kilogram of aluminum produced. 
The optimum temperature for the cell operation 
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within the body of the molten electrolyte is ap 
proximately 920° C. to 925 C., this minimum 
temperature value being scarcely 20° above the 
Solidification point of the bath and correspond 
ing with a maximum current efficiency. It will 
be noted, however, that a requisite for efficient 
electrolytic operation of the cell is the mainte 
nance of a temperature which will afford ex 
pedient solubility of alumina in the electrolytic 
bath at the points where alumina is added there 
to. In view thereof, a temperature of approxi 
mately 980° C. is required for operation of the 
said given cell in accordance with conventional 
practice. The said temperature of 960° C. in 
wolves a reduction in current efficiency and ain 
increase in energy requirements per kilogram of 
aluminum obtainable, in order to attain ex 
pedient solubility of alumina in the bath, other 
conditions of operation being equal. However, 
pursuant to the present invention, the tempera 
ture of the localized area of feeding is main 
tained irrespective of that of the bath as a Whole 
at a value sufficient to afford the requisite molten 
state for the feeding and Solution of the alumina, 
thereby permitting the bath temperature other 
wise, i. e. at other areas, to be lower Such as at 
a value of 920° C. to 925° C., with an improved 
efficiency of Operation. 

Referring to electrolytic operations involving 
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10 
the use of a self-baking type of carbonaceous 
electrode, the paste compositions normally utilzed 
contain a hydrocarbon binder, Such as coal tar 
or the like, which represents approximately 20% 
to 30% of the electrode composition. Moreover 
it has been noted that approximately one-half 
(50%) of the said hydrocarbon is evolved from 
the said electrode paste composition during the 
baking process as volatile or gaseous constituents, 
and the attendant consumption of carbonaceous 
paste may comprise about 0.55 kilogram per kilo 
gram of aluminum produced. Accordingly with 
the hydrocarbon binder content in the electrode 
composition being for example approximately 
22%, the amount of volatiles or gases obtainable 
primarily from the binder of the self-baking 
electrode during the cell operation Will be ap 
proximately 0.06 kilogram 

(i. e., 1X0.22x0.55X0.50=0.06) 
per kilogram of alluminum obtained. 
Assuming the calorific value of these volatiles 

or gases through their combustion aS approxi 
mately 9000 calories per kilogram, it will be seen 
that an approximate value for the available heat 
from this source is in the vicinity of 540 calories 
per kilogram of aluminum produced, this cor 
responding to 0.63 kilowatt hour of electrical 
energy. On the basis of an energy intake of 18 
kilowatt hours, estinated as the requirement for 
the given electrolytic cell operation in accord 
ance with prevailing practice, the available heat 
content of the gaseous constituents thus attain 
able from the hydrocarbon or similar content of 
the Self-baking electrode may comprise approxi 
mately 3.4% of the total energy requirements ap 
plicable to the operation of said cell. 

In addition to this source of available heat, 
the gases emanating from the electrochemical cell 
afford a substantial source of additional heat 
values as a part of the electrolytic operation. 
Thus the cell gases may essentially comprise a 
mixture containing fluorine, carbon dioxide and 
carbon monoxide. In view of the comparatively 
Small proportion of fluorine present, this gaseous 
mixture may to all intents and purposes be as 
sumed for present consideration as comprising 
approximately 70% CO2 and substantially 30% 
CO. However it should be realized that the 
amount of CO may be considerably higher and 
as much as 60% of the gas mixture, thereby af 
fording a corresponding advantage in heat con 
Servation. 
The actual amount Of electro de carbon con 

Sumed during the electrolytic operation, as by 
combination with anodic OXygen from accessible 
or infiltrated air, to form the aforesaid CO2 and 
CO mixture Ordinarily comprises approximately 
0.50 kilograin per kilogram of alluminum pro 
duced. A stoichiometric determination of the 
carbon content in one kilogram of the aforesaid 
CO2-CO mixture in the proportion of 70%:30% 
is approximately 0.285 kilogram. Accordingly on 
the basis of the above indicated consumption of 
0.50 kilogram of carbon per kilogram of alumi 
num obtained, 1.75 kilograms of gases are gen 
erated 

( e 0.50 
0.285 

for each kilogram of aluminum attainable. With 
the CO content of the gas mixture 30% as indi 
cated, the proportionate weight thereof per kilo 
gram of aluminum Will be approximately 0.52 
kilogram. hV 
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The combustion of CO to CO2 yields approxi 
mately 2430 calories per kilogram of the said CO. 
Accordingly 0.52 kilogram of CO, attendant the 
production of 1 kilogram of aluminum as above 
indicated, is adapted to provide aproximately 
1270 calories or substantially 1.47 kilowatt hours 
of energy in its conversion to CO2. This latter 
value represents approximately 8% of the pre 
wailing energy consumption of 18 kilowatt hours 
per kilogram of alluminum produced. 
Combining the potentially available heat effect 

attendant the volatiles from the self-baking elec 
trode, estimated as 3.4% of the total energy in 
take of the given cell, and that attributable to 
the electrolytic cell gases, represented by the es 
timate of 8% of the energy requirements, the 
total heat available from the cell operation may 
comprise approximately 11.5% of the input 
energy requirements. Differently stated, on the 
basis of 18 kilowatt hours energy requirements, 
the energy equivalent of the gas Volatiles from 
the Self-baking electrode may comprise an esti 
mated 0.63 kilowatt hour, and the energy equiv 
alent of the electrolytic cell gases may be ap 
proximately 1.47 kilowatt hours, these together 
representing a total of about 2.10 kilowatt hours 
of the original energy input. 
Thus it should be noted that this estimate of 

heat conservation is subject to being supple 
mented by the inherent heat characteristics of 
the evolved gases in view of the comparatively 
high cell temperature prevailing in the zone of 
their evolution. This added available heat con 
tent of the gases may amount to as much as ap 
proximately 0.30 kilowatt hour of energy per 
kilogram of aluminum produced. In this connec 
tion, while the CO2 content of the gases does not 
provide heat values through the expedient of 
combustion, the inherent temperature charac 
teristics of this gas will nevertheless contribute 
to the Over-all conservation of heat Within the 
Scope of the present invention. 
The importance of the aforeSaid heat con 

servation is emphasized by the realization that 
of the 18 kilowatt hours input to the cell for the 
production of 1 kilogram of aluminum, approxi 
mately 30% or 5 to 5.5 kilowatt hours are ordi 
narily dissipated through the electrolyte surface, 
such as the crust covering the same. By the 
adaptation of the aforesaid recuperated heat 
equivalent exceeding approximately 2 kilowatt 
hours, represented by the above referred to avail 
able heat from the gas volatiles evolved by the 
decomposition of the self-baking electrode and 
that obtainable from the electrolytic operation, 
to predetermined restricted areas of bath sur 
face, effective molten areas may be expediently 
maintained and coordinated with raw material 
Supply. 

In this manner resort to manual deincrusta 
tion as a prerequisite to the feeding of raw ma 
terial to the bath or the withdrawal of aluminum 
therefrom may be substantially obviated, and the 
development of any “anodic effect’ essentially 
controlled. Similarly the features of the inven 
tion lend themselves to an expedient continuity 
of Operation under optimum conditions includ 
ing that pertaining to temperature values ap 
plicable to an efficient cell operation. 
As previously indicated, the foregoing consid 

eration and explanations are not intended to be 
restrictive to any particular theory or example, 
these being merely illustrative of the features of 
the invention as herein described. Effective 
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through the operation of the cell in accordance 
With the present invention will be apparent from 
the further detailed consideration of the pre 
ferred modifications of devices shown in the War 
ious figures of the drawing. 
The normal operative conditions which are be 

lieved to prevail in the cell, with illustrative ref 
erence to the production of aluminum by the 
electrolysis of an alumina-cryolite bath, are in 
dicated in Fig. 1 wherein the cell designated as , 
desirably comprises the cathode, while a frag 
mentary portion of the anode 2 is shown appro 
priately positioned relative to said cathode. It 
Will be noted that the term 'cell' is intended 
herein to be of generic purport, embracing With 
in its Scope electrolytic furnaces or the like em 
bodying the use of electrodes for effecting an 
electrolytic operation. Desirably the said anode 
is of the Self-baking carbonaceous type, and the 
interpolar area generally indicated as 3 embraces 
the interpolar Zone between the electrodes. The 
layer 4 at the bottom of cell f refers to metallic 
aluminum resulting from the electrolysis re 
action, while the strata, 5 represents the elec 
trolyte. The broken arrow lines 6 are indicative 
of the circulation of the molten electrolyte with 
in interpolar area, 3, and the upwardly directed 
lines 7 are suggestive of the course of the gases 
evolved by the electrolysis. Thus the said zone 
3 Substantially comprises a comparatively narrow 
interpolar area, or ZOne wherein maximum elec 
tric current and temperature conditions prevail 
and within which the optimum tendency toward 
retention of molten conditions in the bath is af 
forded. Under the conditions which pertain in 
the Ordinary operation of a cell of this type, the 
lateral extent of area, 8 on the perimeter of Zone 
3 from the walls of self-baking electrode 2, 
Where the temperature at the bath Surface is suf 
ficient to provide a substantially molten area, or 
Zone, may be approximately one to two inches. 
Beyond this area 8 the tendency toward crust 
formation exists and the extent thereof progres 
sively increases with the distance from the elec 
trode and the said Zone 3. 
The curve 9 shown in Fig. 2 illustrates the 

aforesaid temperature characteristics of Zone 3, 
the upper portion O of said curve representing 
the maximum temperature occurring Within in 
terpolar area 3, and the progressive reduction of 
temperature with attendant increase in crust 
forming tendency being indicated by portion 
of the said curve 9. 
The various apparatus modifications shown, 

illustrative of preferred embodiments of the in 
vention, are adapted to utilize the gas resulting 
from the electrolytic operation as above indi 
cated. Thus by concentrating, at a predeter 
mined area or areas of bath surface, the heat 
values obtainable from the gases evolved by the 
electrolytic operation, including that provided by 
the electrode decomposition, such as the volatiles 
from the self-baking electrode and the combus 
tible gases emanating from the electrolytic re 
action, desirably in a zone contiguous the Said 
electrode, a comparatively enlarged molten area. 
or areas of bath surface may be maintained. By 
coordinating this heat utilization with the Sup 
ply to the bath of raw materials, such as alumina, 
or with the removal of aluminum formed by 
the electrolytic reaction, the continuity of cell 
operation is rendered expedient, not only with 
out impairing the efficiency of operation but ac 
tually resulting in an enhanced efficiency. 

Referring more particularly to the features of 
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invention embodied in the modifications shown 
by the various figures of the drawings, the means 
for maintaining a localized area, or areas of bath 
Surface in molten state is desirably a removable 
attachment, adapted to function as a burner de 
vice and preferably coordinated with a cham 
ber adapted to Segregate the gases evolved by the 
electrolytic operation. Desirably this gas collect 
ing chamber peripherally extending around the 
electrode may be the double ring chainber ex 
pediently correlated with the mold casing of a 
self-baking electrode. Advantageously the at 
tachment device includes a conveyor Ineans for 
supplying raw material to the bath, or means for 
withdrawing the product of the electrolytic re 
action, and such means may be either perma 
nently or removably associated with the attach 
ment. Thus the concentration of the inherent 
heat, content of the gas mixture from the double 
ring chamber passing through the attachment 
device aS Well as the heat developed by bUrming 
the combustible content of said gases within Said 
device serves to retain an appropriate area of 
bath surface in substantially molten state, and 
may be adapted for facilitating the baking of the 
electrode composition, as well as for preheating 
the raw material supplied through the molten 
zone or for effectuating the invention. 
As shown in Fig. 3, the double ring chamber 3 

is determined by a plate member 3 extending 
horizontally from the mold casing 2 of electrode 
2 to which it is integraily attached. The dinen 
sion of said plate 3 is essentially determined by 
the lateral extent of the area at which the con 
centration of heat resulting from gas combus 
tion is to be directed, and may expediently be 
approximately 6 to 9 inches. Depending from 
plate 5, desirably by a hinge attachment A is 
flange or plate member 5, which extends down 
wardly to a point substantially contiguous the 
surface of the electrolytic bath. The portion 
; 8 of the said electrolytic bath surface between 
said flange member 6 and the walls of cell 
are usually provided with a crust formation, Over 
which is positioned raw material 9, such as 
alumina. This material serves to function as a 
seal for the space 2 between the lower end of 
fange i 6 and the bath Surface . Accordingly 
as the electrolytic reaction proceeds, the gases 
evolved including that attributable to the binder 
raaterial and decomposition of electrode 2 will 
be essentially collected in double ring channber 3. 
The aforesalid horizontal plate member 5 com 

prising the top of the double ring chamber is pro 
vided with an opening through Which the at 
tachment device 2, which ray be terned a 
burner device, is inserted. This attachinent 2 
is provided with a peripheral fiange meanber 23 
for removably supporting and Seating the Sane 
in predetermined position on plate member 5. 
"While the renovable association of the burner 
device 2 with the double ring chamber 3 may 
involve elements of preference, it will be under 
stood that the attachment may be periinanently 
affixed to the cell, the requisite being its expedient 
positioning relative to the bath Surface. AS 
shown in Fig. 3 as well as in the other modifica 
tions, the lower end 22 of the attachment de 
sirably extends within the double ring chainber 
nearly to the bath surface, the distance between 
the said attachment portion 22 and electrolyte 
being subject to the dictates of expedience. 
The said attachment comprises in integral, a S 

sociation a housing 24 having therein and de 
sirably affixed thereto in any expedient perma 
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nent manner, conduit. 25. Conveyor tube: 26. is 
shown as concentrically positioned relative to 
Conduit 25 and iS provided With a COnVeyOr elle 
iment 27 therein. The said conveyor tube 26 may 
likewise be affixed in any expedient manner to 
conduit 25, desirably in a permanent coordina 
tion, as by a spider element 23 and defines there 
with passage 29. The said conveyor element 2 
is similarly subject to any suitable manner of 
support withiii tube 26, being of practicable 
adaptation either as a permanent Or as a rem OV 
able member. In the latter event, the conveyor 
element may be replaced within conduit or tube 
26 by any expedient means for withdrawing from 
the bath products of reaction, Such as molten 
aluminum, as will be further considered herein 
below. Alternatively in lieu of the screw con 
veyor 27, a gravity feed may be relied upon in 
which event tube 26 Inay be free from any posi 
tive conveyor element therein. 
The lower end 3 of conveyor tube 26 is flanged 

outwardly to provide an enlarged outlet essen 
tially coinciding with the dimension at the lower 
outlet portion 22 of housing 24. As shown, end 
3G is permanently affixed to said lower portion 
22 of housing 28, but as above indicated, this at 
tachment, may be of a removable type. 
The housing 24 is shown provided With ducts 

3 which may be valve-controlled if desired, and 
through which air inlay be supplied into the Space 
32 determined by housing 24 and the concen 
trically positioned conduit 25 therein. Similarly 
the lower end of housing 23 at the portion 22 
thereof is afforded with ducts 33 through which 
the gases from double-ring chamber 3 pass into 
the said space or Zone 32. 
At the upper end of conduit 25, a conduit 34 is 

indicated through which a predetermined suc 
tion. Yay be manifested within said conduit 25, 
by any expedient Source of aspiration or Suction 
not shown. Thus conduit 36 in effect comprises 
the gas outlet of attachment device 2. 
As a matter of practical expediency, the burner 

device of any of the modifications shown may be 
positicned within a segregated compartment of 
the double-ring chamber. As shown in Fig. 4, 
the device 2 is located in a compartment 35, de 
fined by Wall members or partitions 3 projecting 
doWin Wardilly from top 5 of the double-ring cham 
ber. The ports 38 permit the ingress of the gases 
from the double-ring chamber into compartment 
35, whence the gases are drawn into the burner 
device. While the said partitions may be desira 
ble, it shouid however be understood that they 
are not required for an effective operation of the 
burner assembly. 

In the Operation of attachment 2, as a result 
of the Suction or vacuum effect manifested 
through conduit 34, a predetermined suction is 
provided Within conduit 25. Thus gas from com 
partment $5 is drawn through duct 33 and be 
conies admixed in Zone 39 with air supplied from 
ducts 3 through passage 32. The combustion of 
this gas raixture, if necessary by resort to ignition 
results in a substantial heat generation which is 
radiated fro: the combustion zone 39 towards the 
bath Surface below, as through the lower portions 
39 and 22 of the attachment device. 
As a result of the aforesaid gas combustion and 

heat evolution, a localized area, 49 of electrolyte 
Surface is expeditiously maintained in molten 
State, notwithstanding the prevailing tendency to 
Surface crust formation- in the remaining or 
bordering areas of bath. Surface. It will be seen 
that this area, 40 liberally embraces the end 22 of 
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the attachment assembly through which material 
is fed to the bath or Withdrawn therefron. 
Thus illustratively referring to the showing of 

Figs. 3 and 4, raw material Such as alumina may 
be supplied in controlled quantities by the Screw 
conveyor 2 through conduit 26 into molten area, 
fe of the bath, without materially disturbing the 
electrolytic operation or necessitating any break 
ing of surface crust. Moreover the raw material 
is preheated in its passage to the molten bath. 
area, in view of its filow in heat exchange rela 
tionship with the gaseous products of combustion, 
which are withdrawn upwardly from combustion 
Zone 39 through conduit 23 and out through con 
duit 88. 

It should be apparent that the attachment as 
sembly 2 lends itself to variable adaptations, 
and the details for attaining the requisite heat 
values are likewise subject to variations. Thus 
Where the prevailing conditions Suggest the de 
sirability, the gases from the electrolytic Opera 
tion may be Supplemented by combustible heating 
gases from any extraneous source. These Sup 
plenientaly gases may expediently be Supplied to 
the double-ring chamber, as by a Valve controlled 
inlet fitted to the top plate member 5, although 
the point of entry may be Subject to change 
pursuant to the disCretion of the Operator, Such 
as by the addition of the Supplementary gases to 
passage 32 of attachment assembly 2, as by pre 
liminary admixture With air through duct 3. 
This extraneous gas, which may be of any in 

flammable type adapted to burn exothermically 
including volatilizable hydrocarbons, ultimately 
becomies admixed with gases resulting from the 
electrolytic operation, the consummated mixture 
then being ignited and burned in the aforesaid 
Zone 39 for appropriate concentration and radia 
tion of heat values relative to the predetermined 
area of bath. Surface. 

It is further within the contemplation of the 
invention to supply an inert gas, such as N2 or 
CO2, for admixture With the combustible heating 
gas, thereby controlling the combustion of these 
gases. The introduction of the inert gas may 
likewise be directly into the double ring chamber, 
Wherein it becomes admixed with the gases re 
Sulting from the electrolysis operation. More 
Over the resort to inert gases in excess may be ex 
pedient where any emergency situation develops 
With respect to the combustible gas mixture con 
templated for the heat development through 
burning within the attachment assembly' 2. 

Generally the operation pursuant to the inven 
tion may be controlled in a manner to afford a 
slight positive pressure within the double ring 
chamber 3. The provision of such pressure 
conditions is facilitated where the supplementary 
gases, whether combustible or inert, are fed into 
this chamber. It is through this pressure ex 
pedient that any tendency of uncontrolled air 
leakage into admixture with electrolytically 
evolved gases is minimized, and this factor to 
gether With the contributing effect of inert gases 
added, results in substantially minimizing the 
possibility of corrosion ordinarily applicable to 
the electrode 2. 

Irrespective of the fundamental structural 
features of the device as shown in FigS. 3 and 4, 
it will be understood that the details thereof may 
be Subject to Substantial variation dependent 
upon the dictates of expediency and preference 
of One versed in the art, and the same pertains 
to the general configuration of the the device. 
Thus the width of the double-ring chamber may 
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be enlarged or diminished, this being essentially 
determined by the dimensions of the top or holi 
Zontal plate member 5 and the vertically dis 
posed plate or flange member 6 integral there 
With, although as previously indicated, desirably 
in hinged attachment thereto. Moreover and 
by the same token, the double-ring chamber need 
not be uniform in its configuration, since the 
shape thereof will be subject to the relative po 
Sitioning of the walls or plate members, such as 
5 and 6, partition members as 3, as well as 

the electrode mold casing, designated in Figs. 3 
and 4 by the numeral 2, all of which are de 
terminative of the double-ring chamber charac 
teristics. The effect of the electrode mod caS 
ing on the chamber design is indicated in Figs. 
9 and 10 by way of example, where this casing 
conforms with a novel type of electrode having 
a distinctive peripheral structure. In brief the 
dimensional characteristics and configuration of 
the double-ring chamber are such as to permit, 
the expedient Segregation of gases resulting from 
the electrolytic operation and to conform with 
the desirable coordinated association of the 
double-ring chamber with the burner device, in 
view of the function of the latter directed to the 
ultimate purpose of an improved structure and 
procedure for the electrolytic production of 
aluminum. 
The burner modification shown in Fig3. 5 and 6 

embraces the fundamentals of structure and 
function contemplated by the device of Figs. 3 
and 4. The double-ring chamber 3 and its for 
mation through plate members 5 and 6 together 
With their attachment to or coordination with 
electrode 2 and its casing 2 generally correspond 
with that described hereinabove. However in 
View of the characteristics of the removable 
burner device in this modification, the opening 4 
in the top member 5 is designed to aptly re 
ceive the burner assembly generally designated 
as 32. It will be seen that the edge of plate 
member 5 adjacent the electrode should be 
adapted to permit the passage therethrough of 
the end wall portions of conduits 43 and 46, and 
desirably this may be provided for by accommo 
dating slits in Said edge plate portion 5 which 
extend from the above referred to opening 4 
therein. 
This assembly 42 essentially comprises a U 

shape housing 43, the ends 44 of which extend 
to a frictional engagement with mold casing 2 
in Order to provide an enclosed zone between said 
housing and mold casing. Nevertheless this 
frictional closure is not such as to unduly inter 
fere With the removal of burner assembly 82 from 
Opening di. On the outer or peripheral surface 
of housing 43 a flange member 45 is provided for 
Supporting the assembly on the top plate mem 
ber 5 of the double-ring chamber, and desirably 
the Said flange member 45 conforms with the 
U-shaped configuration of the housing 43 to 
which it is attached. Positioned within housing 
43 is a Second U-shared conduit 46, and the rela 
tive aSSociation of 45 and 46 corresponds in a 
Sense with a concentric arrangement determining 
the chamber or Zone 47 through which air may 
be admitted to the burner assembly for admix 
ture with gases from the double-ring chamber. 
The Said conduit 46 is preferably in integral 

attachment with housing 43. Within conduit 46 
is located conveyor conduit 48 having a screw 
Conveyor 49 Operatively positioned therein. The 
Said conveyor conduit 48 may be permanently 
attached at its lower end 50 to the bottom por 
tion 5 of housing 43, and the relative association 
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of the said conveyor tube with conduit 46 defines 
the Suction Zone or chamber 52. A Valve cOn 
trolled air inlet tube 53 is provided at the upper 
end 54 of Zone or chamber 47. 
The Support of the screw conveyor 49 Within 

its conduit 48 may be in any manner expedient to 
a removable association, although if desired the 
screw conveyor may be permanently affixed in 
position. Similarly the support of the said con 
veyor tube 48 within conduit 4.6 may be aug 
mented by a spider means. If the conduit 48 
is intended to be removably supported relative 
to conduit 46, a conventional spider flange at 
tached to the peripheral surface of conduit 48 
may be resorted to for seating on a flange extend 
ing from the inner surface of conduit 6; at the 
same time conveyor conduit 8. Will not be in 
permanent attachment at its lower end 50 with 
portion 5 of the assembly housing. 

In the operation of this device, the gases from 
the double-ring chamber will be drawn through 
openings or ducts 55 in partition members 37, 
thence through port 56 of housing 43 for admix 
ture in zone 47 with air supplied in controlled 
amounts through tube 53. The gas and air ad 
mixture is caused to burn as by ignition at the 
lower portion of zone 4 designated in the draw 
ings as 5. The heat of combustion is radiated 
from this zone to the bath Surface below, and the 
gaseous products of combustion are withdrawn 
through zone or chamber 52, which provides an 
element of heat exchange With alumina, Or raw 
materials being supplied in controlled amount 
through conveyor conduit 48. The suction mani 
fested on the assembly is exerted through Con 
duit, 52 by a means not shown. 
The same variations as to details of operation 

involving the supply of auxiliary combustible or 
inert gas as considered hereinabove With ref 
erence to Figs. 3 and 4 are likewise applicable to 
the modification of FigS. 5 and 6. Similarly 
other possible variations in structure and pro 
cedure as previously considered are to the same 
extent generally pertinent to this apparatus 
modification. 
An additional effective burner modification is 

that presented in Figs. 7 and 8, generally desig 
nated as 59. This assembly is supported through 
the expedient of a flange 60 integral With the 
outer peripheral wall of the assembly and adapted 
to seat on top plate member 5 of the double-ring 
chamber 3. It will be seen that essentially the 
structure involves a U-shaped wall 6 with the 
ends thereof 62 fixed to a rear wall member 63 to 
desirably constitute a weldment assembly, al 
though any expedient attachment may be re 
Sorted to. The Conveyor conduit 8 with the 
screw member 49 therein is shown supported by 
means of flange member 64 integrally attached 
to the upper portion thereof, this flange member 
being adapted to seat on the upper end 65 of 
the aforesaid U-shaped Wall 6 . Thus the con 
veyor tube is indicated as removably supported, 
although it will be understood that alternatively 
a permanent attachment may be resorted to. 
Extending longitudinally within Wall 6 are pas 
Sages 66 into which extend valve controlled air 
tubes 6. The number of such passages is 
clearly subject to variation, three being shown in 
the modification indicated. The lower end 68 
of passages 65 terminates in a coinical shaped 
port 69 extending between the double-ring cham 
ber compartment 35 and Suction paSSage or ZONe 
70 determined by the inner surface of Wall mem-. 
bers 6 into outer surface of conveyor tube i8. 
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The suction is manifested at the Opening of 
Said Zone or chamber 70. 
The operation of this device is generally similar 

to that of the previous devices described. The 
gas from the electrolytic operation enters the 
double-ring compartment 35 through opening 38, 
and is drawn into the aforesaid duct 69 by the 
suction manifested within Zone 0. In passing 
through said duct 69, the gases become admixed 
with a regulated quantity of air and, as previously 
are caused to ignite and burn adjacent the lower 
portion of the assembly and the surface of the 
bath. Thus the heat of combustion is adapted to 
obviate any tendency to crust formation at a 
localized area of bath surface conforming with 
the lower end of the assembly 59. Accordingly 
the raw materials may be supplied in regulated 
amounts through conveyor tube 48. Without the 
necessity for resorting to any manual crushing 
of Solidified bath. Surface. The gaseous products 
of combustion are drawn upwardly in heat ex 
change relationship with the Supply of raw ma-. 
terials to the bath through conduit tube 48 and 
are passed out of the assembly through opening. 
7. Concerning the possible variations as to de 
tails of operation and structure, generally the 
same latitude is contemplated by the scope of the 
invention as illustratively considered with respect 
to the modification of Figs. 3 and 4 above. 
Another effective assembly comprises that of 

Figs. 9 and 10. This assembly 75 involves the 
coordination of a desirable burner construction 
with a preferred modification of electrode, de 
sirably of the Self-baking type. The electrode 
6 is provided with longitudinally extending slots 

or recesses 7 and is fitted within the mold casing 
18, which conforms with the configuration of the 
electrode including the aforesaid slots. Thus 
the Zone 79 corresponds with that portion of the 
electrode casing 78 which is fitted in the longi 
tudinal slot and affords an enlarged surface 
area, contiguous of the electrode with the possibil 
ity Substantially concentrated heat radiation and 
an attendant increased conservation of heat val 
lues in the vicinity of the bath surface within zone 
79, quite irrespective of the effect of the burner 
device correlated with this electrode zone. By 
coordinating this zone 79, which is in effect de 
fined by the surface of the electrode determining 
the aforesaid recess or slot, with a double-ring 
chamber and burner device, pursuant to the 
present invention, an especially effective heat 
utilization and efficiency of cell operation is at 
tainable. 

Referring to the structural features of this 
modification, a U-shaped ledge 80 projects from 
an appropriate location on the peripheral surface 
of electrode casing 78 within said zone 9, this 
ledge being adapted to function as a seat for the 
assembly device 75. The device comprises a U 
shaped bottom member 8 which conforms with 
the aforesaid ledge 80 as to configuration and is 
removably seated thereon. Wall member 82 ex 
tends vertically from adjacent the bath surface 
to the top 83 of the burner assembly, said top 
being seated on the upper end of said wall 82. 
Substantially concentrically positioned between 
the Said Wall member 82 and electrode casing 78 is 
the conveyor conduit 84 having the usual screw 
conveyor 85 operatively positioned therein, and 
the Said conveyor tube 84 is affixed at one end 
to U-shaped bottom member 8t to provide the 
opening 86 at that point. The upper end of the 
conveyor tube is likewise attached to the afore 
said top member 83 at opening 86 therethrough. 
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Thus the conveyor tube 84 is located within ZOne 
or chamber 87. 

Vertical wall member 88 extends from a point 
adjacent the surface of the bath parallel to Said 
wall member 82, although terminating at a length 
less than that of the latter wall member, as at 
horizontally extending plate member 89 which is 
integrally attached at one end to Wall member 
88 and at the other end to Wall member 82, there 
by determining the top of compartment 90. The 
base of the said compartment comprises plate 
member 9 which is essentially parallel to Said 
top member 89, and similarly may be in unitary 
attachment at one end with wall member 88 and 
at the other end with Wall member 82. Thus 
the lower portion of said wall members 88 and 
82 together with plate member 9 determine the 
equivalent of a double-ring chamber compart 
ment 92. Although the outer wall 93 of the 
double-ring chamber is open at 94 the positioning 
Of the assembly 75 in the predetermined COOrdi 
nated relationship with slotted Zone 79 of the 
electrode results in wall 88 of the device function 
ing as the Outer closure of the double-ring cham 
ber at said opening 94. 
In the operation of this device modification, 

gases from the double-ring chamber pass through 
openingS 95 into compartment 90 and are caused 
to flow through duct 96 into housing or chamber 
87, desirably positioned in proximity to the Sur 
face of the electrode defining the receSS or slot 
77, and as shown being in effect within the said 
recess or the zone determined thereby. The sup 
ply of air in controlled quantity is attained 
through valve regulated tubes 97, the air being 
admixed with the gases at the outlet of tube 97 
Within duct 96, the mixture passing into chamber 
87 where it is adapted for combustion, by ignition 
if necessary. The heat of combustion is radiated 
through the aforesaid member 8, which in 
eSSence COmprises an area, positioned Within Zone 
79, while the products of combustion are directed 
upWardly through chamber 87 in heat exchange 
relationship with conveyor conduit 84 and thence 
Out through conduit 98. It will be understood 
that during the said combustion directed to main 
taining the bath Surface below plate member 8 
in eSSentially molten state, raw materials, such 
as alumina, may be Supplied in regulated amounts 
through the expedient of screw conveyor 85. It 
is of interest to note that the flow of gases from 
compartment 90 into compartment 87 may be 
effectuated by the injector relationship of air 
tubes 97 to ducts 96. However suction may be 
expediently relied upon to withdraw the products 
of combustion from Zone or chamber 87 through 
conduit 98. As repeatedly emphasized herein 
above, the various ramifications of procedural 
and structural variations, such as considered in 
detail in the discussion relative to the modifica 
tion of FigS. 3 and 4 are also applicable with re 
Spect to the present burner attachment. It is 
noteworthy that this attachment, as distinguished 
from those preceding, in effect embodies double 
ring chamber compartment as an integral part 
thereof, Whereas in the previous device the 
double-ring chamber compartment is shown in 
tegral with the double-ring chamber and separ 
able from the attachment assembly. 
The modification of Figs. 11 and 12 likewise 

includes the combination of burner device and 
double-ring chamber compartment as an integral 
assembly feo. This assembly is as in the case 
of the modification of Figs. 9 and 10 coordinated 
with slotted zone 79 of mold casing 78 in which 
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electrode 76 is molded and utilized. A U-shaped 
ledge O integral with casing 78 within Zone 
79 functions as a Seat for the said assembly at 
tachment 00. Among the integral parts of the 
assembly are the U-shaped conduits 02 having 
the ends thereof integrally attached to vertical 
wall portion. O3. Thus the said conduit 92 in 
effect determines Zone or chamber 04 through 
Which tube 05 may project into the aluminum 
within the electrolytic bath. Said tube 05 passes 
through an electrical insulator C6 integral with 
top plate member foil of the assembly which is 
seated on the aforesaid ledge of. It will be 
seen that the said tube 95 is adapted for ver 
tical movement through the Said electrical in 
sulator i06. Depending from the outer extremity 
of top plate member 07 is vertically extending 
end wall 88 which projects to a point contigu 
OuS the bath surface and determinative of the 
lower end of the assembly. A horizontally ex 
tending plate member 99 attached at end 09' 
to vertical wall 08 and at the other end O 
to wall portion f3 defines with top plate mem 
ber f07 a chamber or Zone f f, this Zone being 
connected with ZOne D4 through duct 2. In 
tegral with and projecting from the under side 
of plate member f09 is the angular shaped men 
ber í l3, the horizontal portion thereof being 
affixed to U-shaped conduit f2. Thus the Ver 
tical portion of member 3 defines with wall 
portion 03 zone or chamber 4, while Zone 

5 is determined by the said vertical portion of 
member 3 and wall fo8. As in the case of 
the modifications shown in Figs. 9 and 10, outer 

5 wall to 8 of the attachment serves as a closure 
for opening 94 in the outer wall 93 of the double 
ring chamber. 
In the operation of this device modification, 

gases from the double-ring chamber flow through 
openings 6 into compartment f 5, thence 
through ducts 8 into Zone 4. At the same 
time, air may be supplied in controlled quan 
tity through valve controlled tube 9 for ad 
mixture with the gas within chamber f4, and 

5 the ignition together with attendant combus 
tion of the resultant gas mixture affords the 
desired heat evolution which is radiated through 
the horizontally extended portion of angular 
member 3 to the surface of the bath therebe 
low. The products of combustion are withdrawn 
from combustion zone 20 through port f 7 into 
chamber or zone fo4 embracing the aforesaid 
tube f O5, thereby utilizing the heat values of 
the exhausting gases over a Substantial surface 

The significance of this 
heat exchange is that the said tube 05 is utilized 
for withdrawing molten aluminum from the low 
er strata of the electrolytic bath, as by apply 
ing suction at the end 24 thereof, and the said 
aluminum is thereby retained in molten condi 
tion in view of the indicated heat exchange. The 
gaseous products of combustion are withdrawn 
through chamber ft, which may desirably en 
velop the electrode portion and its attendant cas 
ing in a heat exchange relationship. Thence the 
gas flows through conduit 2 which affords a 
maximum Zone of contact with the said elec 
trode portion casing, in Order to contribute an 
efficient heat exchange effect relative to the self 
baking aspects of the electrode. 

Desirably the said aluminum withdrawal tube 
05 is removable relative to the attachment and 
may for example be replaced by a tube for the 
supply of raw material to the electrolytic bath. 
This concept of replacing raw material conveyor. 
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by means for withdrawing the products of the 
electrolytic operation, it will be seen, is gener 
ally applicable to the other modifications de 
scribed hereinabove, subject to Slight changes in 
the construction without avoiding the scope of the 
present invention. It should be added that aS 
previously stated with respect to all of the other 
devices, the adaptation of auxiliary combustible 
or inert gases to the procedural aspects of the 
invention or the various other changes appli 
cable to either the procedure or details of appa 
ratus in similar measure pertain to the presently 
discussed assembly attachment. 
A desirable adaptation of the features of the 

present invention is Schematically indicated in 
the horizontal cross sectional view of Fig. 13. 
In this arrangement, the electrode 2 is embraced 
by double-ring chamber 3, which, through the 
expedient of wall members 22, similar to par 
titions 37 referred to hereinabove, is divided into 
4 compartments by way of illustration. Within 
each of these compartments. One or more, as 
desired, of a preferred type of burner assembly 
23, such as those exemplified by the illustrations 
hereinabove described may be positioned. It will 
be understood that each assembly 23 is inde 
pendently operative relative to the Cther assemi 
blies utilized, and it is not necessary to adhere 
to any one type of assembly, since, in view of 
its independent function, each asembly 23 may 
be of a different type corresponding with the 
predetermined desire and conditions of opera 
tion. Moreover and in similar vein, while One 
assembly 23 may include a raw material feed 
conveyor means, another assembly may involve 
the use of a conduit for removal of the product 
of electrolysis, such as aluminum. 
Another diagrammatic sectional showing of 

arrangement of devices within the scope of the 
present invention is shown in Fig. 14. In this 
embodiment two electrodes 2 are presented With 
in double-ring chamber í3. Two devices 123 of 
the present invention are shown positioned be 
tween the respective electrodes. The showings 
of Figs. 13 and 14 are merely indicative of the 
fact that the invention is subject to Substantial 
variation in its adaptation, as with respect to 
the number or positioning of the devices of the 
type described herein. Moreover the resort to 
separate compartments for each unit í 23, as 
described in connection with the various modi 
fications, may be within the contemplation of 
the variations applicable to the positioning of 
the devices, and conversely the adaptation of 
such compartments may be avoided. 

Electrode 25 of Fig. 15 provides a cross-sec 
tional indication of a desirable modification of 
anode wherein a plurality of slotS or recesses are 
contemplated. In this showing, 4 slots or recesses 
26 are indicated, but this is subject to Substan 

tial variation in accordance With preference and 
the dictates of the conditions of operation. Thus 
as provided for in Fig. 16, the configuration of 
the electrode 27 is distinguished from that of 
Fig. 15, although 4 slots 26 are likewise con 
templated by this electrode modification. Thus 
it will be seen that the scope of the invention 
includes features of electrode construction, both 
with respect to configuration and provision of 
surface irregularities or slots, which render the 
electrodes particularly adaptable for coordination 
with the features of the invention relating to the 
concentration of heat values at predetermined 
areas of bath Surface and the correlated supply 
of raw material or withdrawal of products of 
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electrolysis from the bath. In this connection, 
it will be understood that the electrodes within 
the contemplation of Figs. 15 and 16 may desir 
ably be of the self-baking type, it merely being 
requisite that the steel casing through which the 
electrodes pass during their utilization conform 
with the configuration of the respective electrode 
to which they apply. 

It Will accordingly be seen that the features 
of the present invention include within their 
scope an electrolytic procedure adapted for the 
expedient and efficient electrolysis of materials, 
such as alumina, in the production of a predeter 
mined product, exemplified by alluminum. Pur 
Suant to this procedure the efficiency of operation 
is substantially enhanced by the control of the 
temperature conditions prevailing, by the utiliza 
tion of heat values available by virtue of the gases 
evolved by the electrolytic operation, and through 
the coordination therewith of a predetermined 
supply of raw materials to the electrolytic bath 
or withdrawal therefrom of products of electroly 
sis, thereby facilitating a continuity of procedure. 

In addition to the novelty in procedure, an 
important adjunct of the invention embraces 
features of apparatus including the various ele 
ments described as well as the combination of 
means for collecting the gases evolved by the 
electrolytic procedure and the means for their 
combustion in predetermined zones adapted to 
retain given surface areas of bath under molten 
condition, with the heat development coordinated 
with the means through which the raw materials 
may be supplied or through which the products 
of electrolysis may be removed during the course 
Of cel Operation. 

In summary, the following are illustrative of 
the various features and attributes of the inven 
tion. With particular reference to the electrolytic 
production of aluminum: 

1. An improved efficiency of operation result 
ing in the minimizing of energy requirements 
and the reduction in manpower requisites. 

2. An expedient continuity of operation under 
Controlled conditions both with respect to the 
effective supply of raw materials, such as alu 
mina, during the operation, or the withdrawal 
of reaction products, such as aluminum. 

3. An optimum minimum temperature of oper 
ation under conditions of optimum acceptance by 
the proceeding reaction of raw materials, such 
as effective solubility of alumina, in the electro 
lytic bath. 

4. The conservation of heat values available 
from the electrolytic reaction as by the appro 
priate adaptation of the gases evolved for retain 
ing predetermined areas of bath surface in essen 
tially molten state. 

5. The Substantial control over any "anodic 
effect development' with the attendant improved 
efficiency of operation. 

6. The substantial replacement of manual re 
quirements by mechanical facilities in the per 
formance of the operation, while maintaining the 
enhanced operative efficiency. 

7. The Substantial obviation of uncontrolled 
corrosion of the electrodes, especially the anode, 
during the electrolysis. 

8. The development of novel devices, including. 
electrodes, for concentrating the available heat 
values of the gases resulting from the electrolytic 
operation at predetermined areas of bath surface. 

9. Feature of procedural novelty as described 
herein above. 
Thus, pursuant to the invention, there is pro 
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vided a novel procedure for efficient electrolytic 
operation especially adapted for the production 
of aluminum from alumina. Similarly afforded 
are expedient apparatus means of distinctly effi 
cient operative adaptation notwithstanding the 
Simplicity and sturdiness of structure involved. 
It should be understood that the details of dis 
closure, including the various figures of the 
drawings, are directed to preferred or optimum 
adaptations of the invention, and are primarily 
illustrative and not in any way restrictive of the 
scope of the invention, which is subject to sub 
stantial latitude as to its ramifications and 
variations. 
While I have described my invention in accord 

ance with desirable embodiments, it is obvious 
that many changes may be made in the details 
of Construction and procedure, in the combina 
tion of parts and materials as well as in the steps 
of the process, without departing from the spirit 
of the invention as defined in the following 
clainS. 

Having thus set forth my invention I claim: 
1. The method of performing an electrolytic 

process involving the evolution of combustible 
gases in a cell having a carbonaceous electrode 
and a molten electrolytic bath having a surface 
manifesting a tendency to crust formation, which 
comprises collecting the gases evolved by the 
electrolysis in a ZOne directly above the bath Sur 
face, the said gas collecting Zone extending lat 
erally from the said carbonaceous electrode and 
less than to the peripheral edge of the electrolytic 
bath, conducting Said gases adjacent to at least 
One relatively limited area of the bath surface, 
said area, being within the said gas collecting 
ZOne and comprising a portion of the bath sur 
face within the said Zone, admixing an oxygen 
containing gas With the Said gases, burning said 
gaseous admixture adjacent to the said area of 
bath surface to facilitate the retention thereof 
in a Substantially molten state, the said area, 
being adapted for the conveyance of material to 
and from the said electrolytic bath at the said 
area, and maintaining the conditions of electrol 
ysis such that the bath surface, externally of 
the Said gas collecting Zone, is in a substantially 
Solidified state. 

2. A process as in claim 1, wherein the gases 
evolved by the electrolysis, prior to burning the 
same, are Supplemented by the admixture there 
With of additional combustible gas, the said ad 
mixed oxygen containing gas being sufficient to 
completely burn the resultant combustible gas 
eous mixture. 

3. The method as in claim 1, wherein the elec 
trode comprises a self-baking carbonaceous anode, 
and wherein the raw material for electrolysis is 
supplied to the electrolytic bath at said molten 
area, 

4. The method as in claim 3, wherein the gas 
eous products of combustion are withdrawn in 
heat exchange relationship with the supply of 
raw material to the electrolytic bath at Said 
molten area. 

5. The method as in claim 3, wherein the elec 
trode is provided with at least one recess.exe 
tending to the end thereof contiguous the bath 
surface and affording a zone of substantially 
Concentrated heat radiation, and the area, to 
which the gases are conducted for burning is in 
proximity to the surface of the said electrode 
determining the said recess. 

6. The method of electrolytically producing 
aluminum which comprises subjecting to elec 
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trolysis an electrolyte containing aluminum oxide 
in a cell having a carbonaceous electrode, collect 
ing the gases evolved by the electrolysis in a 
Zone directly above the bath surface, the said 
gas collecting Zone extending laterally from the 
Said carbonaceous electrode and less than to the 
peripheral edge of the electrolytic bath, conduct 
ing Said gases adjacent to at least one relatively 
limited area of the bath surface, said area, being 
Within the said gas collecting Zone and compris 
ing a portion of the bath surface within the said 
Zone, admixing an oxygen containing gas with 
the said gases, burning said gaseous admixture 
adjacent to the said area of bath surface to fa 
cilitate the retention thereof in a substantially 
molten state, the said area being adapted for the 
Conveyance of material to and from the said elec 
trolytic bath at the said area, and maintaining 
the conditions of electrolysis such that the bath 
Surface, externally of said gas collecting zone, is 
in a substantially solidified state. 

7. A process as in claim 6, wherein the gases 
evolved by the electrolysis, prior to burning the 
Same, are Supplemented by the admixture there 
With of additional combustible gas, the said ad 
mixed oxygen containing gas being sufficient to 
completely burn the resultant combustible gas 
eous mixture. 

8. The method as in claim. 6, wherein the 
electrode comprises a self-baking carbonaceous 
anode, and aluminum oxide containing materia 
is Supplied at the said molten area. 

9. The method as in claim 8, wherein the elec 
trolyte contains cryolite and the gaseous prod 
lucts of combustion are withdrawn in heat ex 
change relationship with the supply of aluminum 
oxide containing material to the said molten area. 

10. The method as in claim 8, wherein the elec 
trode is provided with at least one recess extend 
ing to the end thereof contiguous the bath sur 
face and affording a zone of substantially con 
centrated heat radiation, and the area, to which 
the gases are conducted for burning is in prox 
imity to the Surface of the said electrode deter 
mining the said recess. 

11. In combination with an electrolytic cell 
Comprising a container for an electrolytic bath 
having a downwardly dependent electrode co 
Ordinated with the said bath, said electrode being 
Supported from above the container and extend 
ing into the electrolyte, a downwardly open 
chamber mounted adjacent to and extending 
from the electrode and adapted to closely overlie 
the upper Surface of the bath in said container, 
the sides and top of said chamber being closed, 
Said chamber being adapted for collecting com 
bustible gases evolved by the electrolytic opera 
tion, a burner assembly comprising a housing at 
least partially within said chamber, a portion of 
said housing extending substantially to the open 
end of Said chamber and providing a combustion 
Zone adjacent to a comparatively restricted area 
of bath surface, a duct for conveying the col 
lected gases from said chamber into said housing 
and to the combustion zone thereof, an air inlet 
Communicating with Said housing for admixture 
of air with and for the burning of said gases at 
said combustion Zone adjacent to the said area 
of bath Surface, the said housing having a paS 
Sage extending therethrough and adapted for 
the transfer of materials relative to the Said bath 
at the Said restricted area, a conduit extending 
from within said housing for removing the prod 
ucts of combustion from said housing, and means 
for effecting the flow of said combustible gases 
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and air into the said housing and for the re 
moval of the products of combustion through 
Said conduit. 

12. An apparatus as in claim 1, Wherein con 
veyor means for the transfer of materials rela 
tive to the said bath at the said restricted area, 
extends through Said housing in heat exchange 
relationship with said conduit for removing the 
products of combustion. 

13. An apparatus as in claim 12, wherein the 
conveyor means comprises a conduit having a 
Screw conveyor therein for mechanically control 
ling the Supply of material therethrough, and 
the said conveyor means is positioned within and 
extends through the said conduit for removal of 
the products of combustion. 

14. An apparatus as in claim il, wherein the 
passage Comprises a conduit for the Suction 
Withdrawal of molten products of reaction from 
the bath. 

15. An apparatus as in claim 11, wherein the 
housing extends from Without the chamber into 
the same and is supported thereby at the closed 
top thereof. 

16. An apparatus as in claim 11, wherein the 
housing is removably supported at the closed top 
of the chamber. 

17. An apparatus as in claim 11, wherein the 
electrode comprises a self-baking carbonaceous 
anode provided with at least one peripheral recess 
extending longitudinally to the end thereof con 
tiguous the bath. Surface, and the said housing 
is supported in proximity to the surface of the 
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electrode determining the said longitudinal recess 
thereof. 

18. An apparatus as in claim 11, wherein the 
said chamber is sub-divided to afford a plurality 
Of compartments with a port for the passage of 
the collected gases to each said compartment 
from the said chamber, and wherein a housing 
is mounted at least partially within each said 
compartment. 

BRUNO B. A. LUZZATTO. 
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