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[57] ABSTRACT 

A method involving the production of metal, in partic 
ular, aluminum by providing an electrolytic bath con 
taining dissolved oxide of the metal to be produced in 
a reduction cell. A direct current flows through the 
bath and metal is collected on the bottom of the re 
duction cell. The method includes sensing the voltage 
drop across the cell and determining when this voltage 
exceeds a given level as an indication of anode effect. 
The method preferably involves extinguishing the 
anode effects which may occur. The apparatus for 
producing metal includes at least one reduction cell 
having electrodes for delivering direct current to an 
electrolytic bath containing dissolved oxide of the 
metal. An anode effect detector is operatively ar 
ranged to sense the voltage of the reduction cell and 
produces an output signal whenever this voltage ex 
ceeds a given level indicating the existence of an 
anode effect. The apparatus preferably includes de 
vices responsive to the output from the anode effect 
detector for extinguishing the detected anode effects 
which may occur. 

20 Claims, 1 Drawing Figure 
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METHOD OF AND APPARATUS FOR PRODUCING 
METAL 

BACKGROUND OF THE INVENTION 

This invention relates to a method of and to an appa 
ratus for the control of an electrolytic reduction cell or 
cells for producing molten metal. The invention relates, 
more particularly, to a method of and to an apparatus 
for the control of an electrolytic reduction cell or cells 
in which a metallic compound or solute constitutent of 
a fused electrolyte in an electrolytic cell produces a 
molten metal. The invention is directed, in its primary 
adaptation, to the control of an electrolytic cell or cells 
useful in the production of aluminum. 
The production of aluminum by electrolysis of an 

aluminum containing compound is very old, well 
known process. Commercial aluminum production is 
carried out by the l-lall-Heroult process in which alumi 
num oxide, re?ned from bauxite ore, is reduced elec 
trolytically. Alumina, A1203, the solute, is dissolved in 
molten cryolite, NaF/AlF3, the solvent, at a tempera 
ture of about 970° C. The dissolved alumina, when sub 
jected to a high intensity current, in electrolytic cells of 
either the continuous, self-baking Soderberg anode 
type or the pre-baked anode type, disassociates into 
positive aluminum and negative oxygen ions. In prac 
tice, a plurality of substantially identical electrolytic re 
duction cells, for example 28 reduction cells, are ar 
ranged in a pot line, that is, they are connected electri 
cally in series. A direct current of from about 50,000 
amperes to 160,000 amperes or more, in commercial 
reduction systems, is usual. The electrical path for the 
external current source is composed of the carbon 
anode structure, the electrolytic bath and the cathode 
structure, usually in the form of collector bars buried 
in the bottom of the reduction cell. The speci?c cur 
rent, in any case being determined by the size of the 
electrolytic reduction cells, flows through the bath con 
taining the alumina and electrolyte, a voltage drop of 
from about fourvolts to about 6 volts appearing across 
each reduction cell during normal electrolysis. As the 
normal electrolysis preceeds, aluminum is deposited at 
the cathodic bottom of the reduction cell or each of the 
series-connected reduction cells where it collects as a 
molten pool of aluminum, a tap being provided in each 
of the reduction cells so that the aluminum can be peri 
odically removed. The side of the reduction cell which 
is provided with the tap for removing the molten alumi 
num is known as the tap side. The oxygen of the alu 
mina combines with the carbon of the anode to form 
principally carbon dioxide and carbon monoxide, the 
gases being conventionally led away from each reduc 
tion cell by a duct, the duct being positioned near the 
top of that side of each cell which is opposite to the tap 
side. This particular side of a reduction cell is referred 
to generally as the duct side. 
According to Faraday’s Law, the pounds of alumi 

num produced are directly proportional to the quantity 
of electrical charge passed through each of the reduc 
tion cells. An approximate equivalent circuit for an in 
dividual reduction cell would show a decomposition 
voltage of back EMF in series with a resistance having 
a ?xed component and variable component. The ?xed 
component is determined by the electrical resistance of 
mechanical circuit connections, while the variable 
component represents the resistance of the bath itself. 
The bath resistance, in turn, can be expressed as R, = 
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2 
pD/A, where A, the effective surface area, is essentially 
constant, but Rho, the resistivity, varies with the alu 
mina concentration, and D, the anode to cathode spac 
ing, varies with anode consumption as well as with alu 
minum buildup on the cathodic bottom of the reduc 
tion cell. The thermal input to the reduction cell, and 
hence temperature of the cell, depends on the [2R 
losses generated in this resistance. 
The ef?ciency of the process, at least in terms of 

pounds per ampere-hour is determined by the percent 
age of metallic aluminum which, under the in?uence of 
strong magnetic ?elds, comes into contact with oxygen 
near the anode to reform the original oxide. The ten 
dency for this to happen increases with temperature 
and decreases with the distance between the anode and 
the cathode. Although aluminum production depends 
on ampere-hours, users of electrical power actually pay 
on a kilowatt-hour basis, consequently, efficiency in 
terms of cost depends on maximizing current in the 
volt-ampere relationship. For most ef?cient operation, 
the resistance of the reduction cell should be regulated 
to provide a low stable bath temperature with high cur 
rent and minimum reoxidation. 
One of the continuing problems encountered in the 

commercial electrolytic aluminum reduction process is 
the effective control of the concentration of dissolved 
alumina in the bath. If the concentration of alumina is 
depleted from the upper maximum of from about 7 per 
cent to about 10 percent down to a certain critical 
limit, generally considered to be approximately 2.0 per 
cent, a phenomena known as anode effect occurs, with 
its consequent well-known disadvantages and reduced 
ef?ciency. The anode effect is a characteristic of re 
duction cells in which aluminum is being produced by 
electrolysis of a cryolite/alumina bath. The anode ef 
fect is conventionally extinguished and normal electrol 
ysis restored by the expedient of breaking the frozen 
top crust of the bath which adds alumina into the bath. 
Extreme caution must be taken, however, not to charge 
the bath with too much additional alumina for all of the 
additional alumina will not dissolve if the amount ex 
ceeds a solubility capacity of the electrolyte for alu 
mina at the prevailing temperature, usually about 970° 
C. If the electrolyte cannot dissolve all of the addition 
ally added alumina, some of the alumina will sink 
through the electrolyte and through the molten alu 
mina, collecting on the cathodic bottom surface of the 
reduction cell, with the result that the resistance of the 
cathode undesirably increases, ef?ciency declines re 
sulting in what is known as an over-fed or sick reduc 
tion cell. 

In both cases the anode effect, which results from a 
starvationcondition of the bath, and the sick cell phe 
nomena which results from overfeeding the bath, the 
reduction cell is working under abnormal conditions 
with the concomitant undesirable decline in overall ef 
?ciency. Of the two conditions, the anode effect has 
been found to be the lesser of the two disadvantages for 
it can be extinguished more easily than the sick cell 
condition can be remedied. Consequently, techniques 
have been developed, involving both intermittent and 
continuous alumina feeding of an electrolytic bath, 
which add alumina to the electrolytic bath routinely in 
amounts adapted to avoid development of a sick cell 
condition. Such feeding techniques rely on an under 
feeding practice, which allows the reduction cell to un 
dergo occasional anode effects, for example, one anode 
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effect per day, which assures against overfeeding alu 
mina into the reduction cell. 
The U.S. Pat. No. 3,400,062, to Bruno et al,iissued 

Sept. 3, 1968, discloses a control system for an alumi 
num reduction cell having an anode, a cathode and a 
fused electrolytic bath of cryolite and dissolved alu 
mina. A pilot anode is insulatively supported at the re 
duction cell, with one end extending into the electro 
lytic bath to a given immersion depth. A power supply 
is provided for supplying direct current energy to the 
pilot anode. The current density supplied to the pilot 
anode during a standby, which may be of several min 
utes duration, is sufficiently high to maintain the auxili 
ary anode on anode effect. This particular condition, 
according to the patent speci?cation, is maintained to 
prevent consumption of the pilot anode by the electrol 
ysis. During a second period of from about 8 to about 
10 seconds duration, for example, the current to the 
pilot anode is reversed in order to eliminate its anode 
effect. Finally, during a third period of from about 10 
to about 20 seconds a second or lower voltage, prese 
lected in dependence on the level of alumina controlled 
desired, is impressed upon the pilot anode causing the 
resulting current through it in the forward direction to 
provide a given control current through it in the for 
ward direction to provide a given control current den 
sity in order to determine the alumina concentration of 
the electrolytic bath by sensing whether or not an 
anode effect appears on the pilot anode under this 
lower voltage condition. After a brief pause of a few 
seconds to allow the current in the pilot anode to stabi 
lize, a sensor associated with the pilot anode is made 
effective for detecting whether or not an anode effect 
has appeared. If an anode effect has appeared, it is an 
indication that the electrolytic bath is in an underfed 
condition, and the feed rate for the alumina into the 
bath is increased. On the other hand, if no anode effect 
appears during this sensing period, the normal slower 
feed rate is maintained. Thus, it is clear that the system 
disclosed in the prior patent to Bruno et al is rather 
complex and, so far as the reverse current and sensing 
periods are concerned, requires from about 18 to about 
38 seconds to operate. 
The U.S. Pat. No. 3,539,456, to Smids, issued Nov. 

10, 1970, discloses an electrolytic cell solute determin 
ing apparatus for use in the operation of a direct cur 
rent electrolytic reduction call in which a pair of alter 
nating current energized auxiliary electrodes, which ex- ' 
tend into an aluminum oxide/solute containing bath of 
the electrolytic reduction cell, serves as a means for 
sensing the current of cycling anode effects induced 
thereon during operation of the reduction cell. This 
particular apparatus, because the alternating current 
energization of the pilot electrodes, does not require 
the current reversal in the pilot electrode as was 
needed in the direct current energized pilot electrode 
arrangement disclosed in the above-mentioned patent 
to Bruno et al. It is to be appreciated, however, that the 
anode effect sensing apparatus disclosed in the above 
mentioned patent to Smids still requires a relatively 
long period to operate and requires that a special alter 
nating current supply and auxiliary electrodes be pro 
vided. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
method of producing metal from an electrolytic bath 
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4 
which involves ‘sensing the occurrence of a voltage 
level in excess of a given level across the bath for deter 
mining the existence of anode effects. 

It is another object of the present invention to pro 
vide a method of producing metal from an electrolytic 
bath which involves sensing the occurrence of a voltage 
level in excess of a given level across the bath for deter 
mining the existence of anode effects and the extin 
guishing of such effects. 

It is a further object of the present invention to pro 
vide, in an apparatus for the reduction of metal from an 
electrolytic bath, a fast-acting circuit arrangement for 
the detection of anode effects. > 

It is yet another object of the present invention to 
provide, in an apparatus for the reduction of metal 
from an electrolytic bath, a circuit arrangement which 
senses the occurrence of an anode effect and effects 
the extinguishing of the detected anode effects. 

It is yet a further object of the present invention to 
provide, in an apparatus for the reduction of metal 
from an electrolytic bath, an inexpensive and reliable 
circuit arrangement for sensing the occurrence of an 
anode effect. 7 , 

It is still another object of the present invention to 
provide, in an apparatus for the production of alumi 
num from an electrolytic cell, a circuit arrangement 
which does not involve the use of auxliary or pilot elec 
trodes. , 

The foregoing objects, as well as others which are to 
be made apparent from the text below, are accom 
plished according to the present invention in its method 
aspect by providing an electrolytic bath containing dis. 
solved oxide of the metal to be produced in a reduction 
cell, causing direct current to flow through the bath 
and collecting the metal produced on the bottom of the 
reduction cell. The method includes sensing the direct 
voltage drop across the cell and determining when this 
voltage drop exceeds a given level as an indication of 
anode effect. The method may also involve extinguish 
ing the anode effect. 
The foregoing objects, as well as others which are to 

be made apparent from the text below, are accom~ 
plished according to the present invention in its appara 
tus aspect by providing an anode effect detector in an 
apparatus‘ for producing metal from an electrolytic 
bath containing dissolved oxide of the metal. The appa 
ratus includes at least one reduction cell having elec 
trode means for delivering direct current to the bath. 
The anode effect detector is ‘operatively arranged to 
sense the voltage of the reduction cell and provides an 
output signal whenever the voltage of the reduction cell 
exceeds a given level indicating the existence of an 
anode effect. The apparatus further may include de 
vices responsive to the output from the anode effect de 
tector which extinguish the detected anode effect. 

BRIEF DESCRIPTION OF THE DRAWING 

The sole FIGURE is a schematic illustration of an ap 
paratus for producing metal from an electrolytic bath 
in accordance with an illustrative apparatus embodi 
ment of the ‘present invention, the apparatus being par 
ticularly suitable for carrying out the method according 
to the present invention. ‘ 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT 

I An alumina reduction cell, generally designated 9, 
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with associated circuitry, suitable for practising the 
present invention is shown schematically. The alumina 
reduction cell 9 includes a steel shell 10 having a carbo 
naceous lining 11. The conductive lining 11 contains a 
pool of molten aluminum 12 and a bath 13 of alumina 
dissolved in a molten electrolyte, the bath 13 being 
above the pool of molten aluminum l2. Conductive 
rods, which are embedded in the conductive lining 13, 
are connected to a cathode conductor or bus 14. It is 
to be understood that other forms of lining can be used 
to contain the molten aluminum 12 and the bath 13. A 
cathode potential can be impressed on the molten alu 
minum 12 by other conventional means instead of the 
conductive rods as shown. Suspended above the bath 
13, and partially immersed therein, is a carbon anode 
15 shown diagrammatically. In practice, the carbon 
anode 15 may be a multiple bar anode arrangement po 
sitioned on a suitable superstructure adjustable as a 
unit or a conventional vertical or horizontal stub Soder 
berg-type anode. One multiple bar anode arrangement 
which can be used for the anode 15 comprises 18 car 
bon bars, each weighing about 1 ton. The molten bath 
13 is covered by a hard crust 16 which consists of fro 
zen electrolyte constituents and additional alumina. 
The anode 15 is connected to a positive bus 17 via a 
conductor 18. A current sensing device 20 is provided 
for sensing the current ?owing in the conductor 18. 
The current sensing device 20, which produces a direct 
voltage directly related to the direct current ?owing in 
the conductor 18, preferably is of a type which does not 

~ require a series connection in the conductor 18. 
On the tap side of the reduction cell 9, a ?rst conven 

tional alumina feeder 24 is provided. A first crust 
breaking bar 25 is provided in the vicinity of the first 
feeder 24. A second alumina feeder 26 is provided on 
the duct side of the reduction cell 9 and a second crust 
breaking bar 27 is provided in the vicinity of the second 
feeder 26. Two pneumatically or electrically operated 
motion-producing devices 28 and 30 mechanically con 
nected to the anode 15 are provided respectively for 
raising and lowering the anode 15 in predetermined in 
crements. A volt meter 31 is connected between the 
negative bus 14 and the conductor 18. 
A pulse producing timing circuit 32 is provided for 

producing two pulse trains, each having an identical 
pulse repetition rate, for example, a pulse repetition 
rate of 6 pulses per minute. The two pulse trains are out 
of phase, one pulse train being displaced from the other 
by one-half the interval between pulses, for example, 
by 5 seconds. One of the pulse trains from the timing 
circuit 32 is fed to the enabling input of a gate circuit 
33 and the other pulse train is fed to the enabling input 
of a gate circuit 34. The signal input of the gate circuit 
33 is connected to the current sensing device 20 and 
receives therefrom a voltage signal directly propor— 
tional to the current flowing in the conductor 18. The 
signal input of the gate circuit 34 is connected to the 
conductor 18 and receives therefrom a voltage corre 
sponding to the voltage across the reduction cell 9. 
The respective outputs from the gate circuit 33 and 

the gate circuit 34 are coupled to the input of a limiting 
ampli?er 35 which is preferably operatively arranged 
to limit at an input voltage of approximately ten volts. 
The limiting ampli?er 35 preferably has a gain of one. 
The output from the limiting ampli?er 35 is coupled to 
an analog to digital converter 36 which produces bi 
nary coded digital signal outputs which correspond, at 
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6 
different times, to the current supplied to the reduction 
cell 9 and to the voltage drop across the reduction cell 
9, as determined by which of the two gate circuits 33 
and 34 is supplying an input to the limiting amplifier 
35. 
The output from the analog to digital converter 36 is 

coupled to the ?rst input of an AND circuit 37 and to 
the ?rst input of an AND circuit 38, second inputs to 
the AND circuit 37 and to the AND circuit 38 being 
connected to the timing circuit 32 for receiving the re 
spective pulse trains therefrom. Thus, the AND circuit 
37 intermittently passes to its output a binary coded 
digital signal indicative of the direct current ?owing 
within the reduction cell 9 and the AND circuit 38 in 
termittently passes into its output a binary coded digital 
signal indicative of the voltage across the reduction cell 
9. 
The AND circuit 38 has its output coupled to a ?rst 

input of a subtractor 39. A second input to the sub 
tractor 39 is connected to a binary coded digital signal 
source 29 which is settable and provides as its signal 
output a predetermined binary coded digital signal rep 
resenting the back EMF of the reduction cell 9, this 
back EMF being nominally 1.6 volts for an alumina/ 
molten cryolite bath. The output signal from the sub 
tractor 39 is fed to a ?rst input of an arithmetical cir 
cuit, denominated as an arithmatic divider 40. The 
AND circuit 37 has its output coupled to a second 
input of the divider 40 via a digital store 41 which 
stores the binary coded digital signal received from the 
AND circuit 37 for a suf?ciently long period to assure 
that the divider 40 has present contemporaneously at 
its two inputs the signals passed by the AND circuits 37 
and 38. The divider 40 produces as its output a binary 
coded digital signal which is the quotient of the digital 
signal representing the gross voltage across the reduc 
tion cell being examined minus the back EMF of the 
cell divided by the digital signal representing current, 
its binary coded digital output signal thus corresponds 
to the resistance of the reduction cell 9, its electrodes 
and connections thereto. 
The output from the divider 40 is coupled to a ?rst 

input of an arithmatic subtractor 43 which is opera 
tively arranged to receive at its second input a prede 
termined binary coded digital signal from a digital sig 
nal source 42, which signal represents the known ?xed 
electrical resistance of the electrical connections to the 
reduction cell 9. Accordingly, the subtractor 43 pro 
duces as its output signal a binary coded signal substan 
tially directly corresponding to the varying resistance 
of the bath 13. 
The output from the subtractor 43 is coupled to ?rst 

inputs of a ?rst digital signal comparator 44 and a sec 
ond digital signal comparator 45. A second input to the 
digital signal comparator 44 is provided from an upper 
threshold setting circuit 46 which is a source of a binary 
coded digital signal for establishing an upper resistance 
value for the bath 13, the alumina concentration being 
directly related to the resistance of the bath 13. A sec 
ond input to the second digital comparator 45 is pro 
vided from a lower threshold setting circuit 47. The 
comparator 44 provides an output whenever the digital 
signal it receives from the subtractor 43 exceeds the 
digital signal it receives from the upper threshold set 
ting circuit 46, indicating that the resistance of the bath 
13 is too high. The output from the comparator 45 ap 
pears whenever the digital signal it receives from the 
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subtractor 43 is less than the digital signal it receives 
from the lower threshold setting circuit 47, indicating 
that the resistance of the bath 13 is too low. It is to be 
understood that the digital signal source 42 and the 
subtractor 43 are not necessary, the output from the 
divider 40 could be directly coupled to the compara 
tors 44 and 45 provided that the threshold setting cir 
cuits were appropriately set to include the ?xed resis 
tance of the electrical connections to the reduction cell 
9. 
The output from the limiting ampli?er 35 is also con 

nected to an anode effect detector 48 which is a Zener 
diode having a voltage switching threshold of approxi 
mately 7.5 volts. Since the anode effect detector 48 has 
a voltage threshold of 7.5 volts, it will not conduct and 
will not produce an output signal so long as the voltage 
of the reduction cell 9 remains within the range below 
7.5 volts, the expected range being from about 3.5 volts 
to about 6.5 volts, 5.0 volts rarely being exceeded, dur 
ing normal bath conditions. Whenever the voltage 
across the reduction cell 9 increases above the 7.5 volt 
level, the anode effect detector 48 conducts producing 
a logical ONE signal on its output, indicating that the 
reduction cell 9 is undergoing an anode effect which 
signals that the concentration of alumina in the bath 13 
is much too low for efficient operation. Since anode ef 
fect may and often does produce voltages as high as 30 
or 40 volts across a reduction cell, the limiting ampli 
?er 35 is arranged to limit at an input of at about 10 
volts thereby preventing damage to the analog to digital 
converter 36 and to the anode effect detector 48 With 
out decreasing the sensitivity of the circuitry. 
As discussed above, the circuitry as thus far de 

scribed in effect determines the resistance of the reduc~ 
tion cell six times every minute. In practical applica 
tions of the present invention, the resistance of the re 
duction cell may be determined at greater intervals, for 
example, at one minute intervals. 
Three digital signal sources 50, 51 and 52 are pro 

vided. Each of the digital signal sources 50, 51 and 52 
include respective stores 53, 54 and 55 which respec 
tively store a regular normal break and feed program, 
a resistance control, anode position adjusting program 
and an anode effect extinguishing program. The stored 
programs, in each instance, are respective stored bi 
nary coded digital signals in bit parallel and command 
serial. 
The digital signal source 50 provides in command se 

quence and bit parallel a series of binary coded digital 
command signals from its store 53 to effect, in se 
quence, the breaking of the crust 16 on the tap side by 
the breaker bar 25, the feeding of additional alumina 
to the tap side from the feeder 24, the breaking of the 
crust 16 on the duct side by the breaker bar 27 and the 
feeding of additional alumina to the duct side from the 
feeder 26. The breaking bars 25 and 27 are, in most 
practical instances, moved up and down several times 
to assure that the crust 16 is broken, the digital signal 
source 50 from its store 53 supplying the appropriate 
command signal or signals for effecting such multiple 
motions. 

In a practical instance, the digital signal source 50 
supplies the digital command signals, in bit parallel, 
which effects ?rst a breaking at the tap side, with subse 
quent feeding of the tap side at a predetermined later 
time and thereafter, usually approximately 90 minutes 
later, the breaking and subsequent feeding of the duct 
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8 
side of the reduction cell 9. Since the crust 16 is pre 
dominantly alumina, the breaking of the crust 16 en 
riches the bath 13, resulting in a lowering of the bath 
resistance. The feeding may also provide, if desired, ad 
ditional alumina to the bath i3, but is preferably done 
at a time sufficiently later than the breaking so that the 
newly fed alumina becomes part of the crust 16 or is 
supported on its surface. The digital signals, in bit par 
allel, are supplied from the output of the digital signal 
source 50 to a command decoder 55 via a series con 
nected negated AND circuit 56, a negated AND circuit 
57 and an OR circuit 58. 
The digital signal source 51 is provided with two en< 

abling inputs which are supplied respectively from the 
comparator 44 and the comparator 45. In response to 
a digital difference signal from the comparator 44, indi 
cating that the upper threshold set point for the resis 
tance of the electrolytic reduction cell 9 has been ex 
ceeded, the digital signal source 51 is operatively ar 
ranged to supply from its store 54 a binary coded digital 
signal, in bit parallel, to the command decoder 55 call~ 
ing for the anode 15 to be lowered by a given increment 
or increments depending on the magnitude of the digi 
tal difference signal supplied from the comparator 44. 
Thus, the resistance of the reduction cell 9 is lowered 
until the digital difference signal from the comparator 
44 disappears. In response to a digital difference signal 
from the comparator 45, indicating that the lower 
threshold set point for the resistance of the reduction 
cell 9 has been exceeded, the digital signal source 51 
is operatively arranged to supply from its store 54 a bi 
nary coded digital signal, in bit parallel, to the com 
mand decoder 55 calling for the anode 15 to be raised 
by a given increment or increments depending on the 
magnitude of the digital difference signal supplied from 
the comparator 45. Consequently, the resistance of the 
reduction cell 9 is increased until the digital difference 
signal from the comparator 45 disappears. 
The binary coded digital signals from the digital sig 

nal source 51 which call for either an incremental low 
ering or an incremental raising of the anode 15, are 
supplied to the command decoder 55 via a negated 
AND circuit 60 and the OR circuit 58. A second output 
from the digital signal source 51, which simply indi 
cates that the digital signal source 51 is supplying sig 
nals to effect anode movement, is coupled to the ne 
gated input of the AND circuit 57 thereby interrupting 
the regular break and feed program fed to the com 
mand decoder 55 from the digital signal source 50. 
The digital signal source 51 as thus far described re~ 

sponds whenever difference signals appear on either 
the output from the comparator 44 or the comparator 
45. The digital signal source 51 is preferably so con 
structed that it inhibits itself from supplying command 
signals for a period of 5 minutes after each of its re 
sponses. 
The output from the anode effect detector 48, which 

appears as a logical ONE whenever its input exceeds 
7.5 volts by virtue of the Zener characteristic of the de 
tector 48, is coupled to the enabling input of the digital 
signal source 52. Whenever the digital signal source 52 
is enabled, it produces from its store 54 a series of bi 
nary coded digital command signals, in bit parallel, to 
effect in sequence the breaking of the crust 36 on both 
the tap side and the duct side of the reduction cell 9, 
the lowering of the anode i5, and the subsequent feed 
ing of the reduction cell from both the feeder 24 and 
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the feeder 26. As in the normal breaking and feeding 
operation, the feeding operations preferably take place 
during an anode effect extinguishing operation after 
the crust 16 has hardened. In some instances, it may be 
suf?cient to break and feed only either the duct side or 
the tap side to assure anode effect suppression. 
The output digital command signals, in bit parallel, 

are coupled to the command decoder 55 via the OR 
circuit 58. 
A second output from the digital signal source 52, 

which simply indicates that the digital signal source 52 
is providing an anode effect extinguishing command 
signals, is coupled to the negated inputs of the AND 
circuit 60 and of the AND circuit 56 for the purpose of 
disabling feed of the regular break and feed program 
routine signals to the command decoder 55. 
Thus, the digital signal sources 50, 51 and 52 supply 

to the exclusion of each other and on a priority basis 
binary coded digital command signals, in bit parallel, to 
the command decoder 55 which, in turn, produces 6 
output signals on its output lines 61-66 which are fed 
to respective memory circuits 67-72. The memory cir 
cuits 67-72 in turn supply signals to respective alternat 
ing current solenoid drivers 73-78. The memory cir 
cuits 67-72, which may be in the form of long RC time 
constant circuits, are provided to assure that the output 
of the command decoder 55 is present sufficiently long 
to energize their associated respective solenoid drivers 
73-78, and at the same time freeing the command de 
coder 55 for the decoding of additional command sig 
nals. 
The solenoid drivers 73 and 78, which respond re 

spectively to signals stored in the memory circuit 67 
and in the memory circuit 72, are arranged to energize 
respectively the ?rst feeder 24 on the tap side and the 
second feeder 26 on the duct side of the electrolytic 
cell 9. The feeders 24 and 27 are of conventional con 
struction and preferably are operated by pneumatically 
or electrically responsive devices respectively con 
trolled from the solenoid driver 73 and the solenoid 
driver 78. 

~ The solenoid drivers 74 and 77, which respond re 
spectively to signals stored in the memory circuit 68 
and in the memory circuit 71, are arranged to energize 
respectively ?rst and second pneumatically or electri 
cally operated devices 80 and 81 which are mechani 
cally coupled respective to the breaker bars 25 and 27 
to effect movement of them. 
The solenoid drivers 75 and 76, which respond re 

spectively to signals stored in the memory circuit 69 
and the memory circuit 70, are arranged to energize re 
spectively the pneumatically or electrically operated 
motion-producing device 30 and the pneumatically or 
electrically operated motion-producing device 28 
which are respectively operatively arranged to effect 
the lowering and the raising of the anode 15. 

In order to place the apparatus of the present inven 
tion in a condition ready for operation, suitable pro 
grams in the form of binary coded digital signals for the 
regular, normal breaking and feeding function, for the 
resistance control function and for the anode effect ex 
tinguishing function are placed respectively in the 
stores 53, 54 and 55. Having determined, by conven 
tional techniques, the substantially ?xed electrical re 
sistance of the electrical connections to the reduction 
cell 9, the digital signal source 42 is set to provide, as 
its output signal, a binary coded digital signal represen 
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tative of such resistance. The digital signal source 29 is 
set to provide, as its output signal, a binary coded digi 
tal signal representative of the predetermined back 
EMF of the reduction cell 9, this back EMF being for 
a suitable alumina/cryolite bath 1.6 volts. 
The upper threshold setting circuit 46 is set to pro 

vide, as its output signal, a ?xed binary coded digital 
signal which corresponds to the upper limit (i.e., 20.1 
X 10‘6 ohms) of the resistance range for the electro 
lytic bath 13 during expected normal electrolysis. This 
set point, for example, corresponds closely to that point 
at which the gross voltage across the reduction'cell 9 
would have increased by substantially +0.02 volts at a 
nominal current of 150,000 amperes. The lower thresh 
old setting circuit 47 is set to provide, as its output sig 
nal, a ?xed binary coded digital signal which corre 
sponds to the lower limit (i.e., 19.9 X 10“6 ohms) of the 
resistance range for the electrolytic bath 13 during ex 
pected normal electrolysis. This set point, for example, 
corresponds closely to that point at which the gross 
voltage across the reduction cell 9 would have de 
creased by substantially —0.02 volts at the nominal cur 
rent of 150,000 amperes. It is to be understood that dif 
ference set points could be used if desired, as deter 
mined by desired bath conditions and the sensitivity of 
the control desired in an given case. 
The reduction cell 9 is charged with the appropriate 

amount of solvent, NaF/AlF3, and alumina, A1203, 
which charge forms the electrolytic bath. The reduc 
tion process is initiated preferably manually by supply 
ing direct current to the reduction cell 9, with the possi 
ble addition of heat from auxiliary heating means, and 
adjusting manually the position of the anode 15, with 
respect to the cathode bottom of the reduction cell 
until the voltage across the reduction cell 9, as readable 
from the voltmeter 31, and the direct current to the re 
duction cell 9, as determined by the current sensing de 
vice 20, are within limits known to provide ef?cient op 
eration. 
Once normal electrolysis is progressing, the digital 

signal source 50 is brought into operation supplying 
regular break and feed digital command signals to the 
command decoder 55 which responds to such signals 
by sequentially signaling, via the memory circuits 68, 
67, 71 and 72, the solenoid drivers 74, 73, 77 and 78 
whichh, in turn effect the movement of the breaking 
bar 25, the feeder 24, the breaking bar 27 and the 
feeder 26. In normal operation, the tap side of the re 
duction cell 9 is thus broken and fed every 180 min 
utes, a delay period being provided between the break 
ing and feeding. The duct side of the electrolytic cell 9 
is thus broken and fed also every 180 minutes, the 
times of each being displaced by 90 minutes from the 
corresponding breaking and feeding at the tap side of 
the reduction cell. 

Electrolysis continues, the circuitry automatically de 
termining the resistance of the bath 13, appropriate sig 
nals being produced by the comparator 44 and the 
comparator 45 which, whenever the resistance of the 
bath 13 becomes either too high or too low, signal the 
digital signal source 51 which supplies digital command 
signals to the decoder 55. The decoder 55 responds by 
producing, as the case may be, an output signal to ei 
ther the memory circuit 69 or tthe memory circuit 70, 
which cause the anode 15 to be either raised or low 
ered. This is accomplished by the motion-producing 
devices 28 and 30 controlled from the solenoid drivers 
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75 and '76, which respond to the signals stored in the 
memory circuits 70 and 69 respectively. Whenever the 
digital signal source 51 is supplying output signals, the 
output from the digital signal source 50 is effectively 
prevented from reaching the command decoder 55 be 
cause of the fact that a signal from the digital signal 
source 51 is coupled to the negated input of the AND 
circuit 57. 
During operation, the voltage across the reduction 

cell 9 is intermittently sensed, by action of the gate cir 
cuit 34, the voltage signal being passed by the limiting 
ampli?er 36, which has a gain of one, its output in turn 
being supplied to the anode effect detector 48 which 
conducts whenever the voltage exceeds 7.5 volts, its 
Zener breakdown voltage. The anode effect detector 
48 responds within a few microseconds, much faster 
than the 20 to 50 millisecond response time of analog 
to digital converter 36, supplying a logical ONE signal 
to the digital signal source 52 which produces a series 
of digital command signals to the command decoder 55 
to cause, in succession, the crust 16 on the bath 13 to 
be broken, possibly on both the tap side and the duct 
side of the reduction cell 9, the anode 15 to be lowered, 
and subsequent feeding of one or both sides of the re 
duction cell. The mechanical movements are effected 
by the solenoid drivers 75, 74, 73, 77 and 78. The digi 
tal signal 52 source also preferably produces a digital 
command signal which is decoded by the decoder 55 
and fed to the solenoid driver 76, via the memory cir 
cuit 70, to causethe anode 15 to be returned to its ear 
lier position. 
A separate output from the digital signal source 52 is 

fed to the negated inputs of the AND circuits 56 and 
60 to assure that no command signals from the digital 
signal sources 50 and 51 are supplied to the command 
decoder 55 when it is receiving command signals from 
the digital signal source 52. 
The method of producing metal according to the 

present invention, in its broadest aspect, involves the 
steps of providing an electrolytic bath containing dis~ 
solved oxide of the metal in a reduction cell, causing 
direct current to flow through the bath, collecting the 
metal produced on the bottom of the reduction cell, 
sensing the direct voltage across the reduction cell and 
determining when such voltage exceeds a given level as 
an indication of anode effect. 

In a further aspect, the method according to the pres 
ent invention includeswthe step of extinguishing the 
anode effect or effects which may occur. 
The method according to the present invention pref 

erably includes the routine feeding of the oxide of the 
metal into the bath at a rate insufficient to maintain the 
concentration of such material in the bath at levels 
which avoid the occurrence of anode effects. This 
avoids the more serious problems which would result 
from overfeeding the reduction cell, causing a “sick” 
cell condition. 
The method according to a preferred aspect, involves 

the production of aluminum. In this case the electro 
lytic bath is composed of alumina as the solute and 
cryolite as the solvent. 
The step of sensing the direct voltage across the re 

duction cell is preferably done intermittently. 
In another preferred aspect, the method according to 

the present invention involves the steps of determining 
the resistance of the bath and adjusting the anode-to 
cathode electrode spacing to maintain the resistance of 

15 

25 

30 

35 

45 

65 

12 
the ‘bath within predetermined limits during regular 
electrolysis. t 

The step of, extinguishing the anode effects fwhich 
may occur includes in preferred aspects of the present 
invention reducing the anode-to-cathode spacing of the 
electrode ‘structure of the reduction cell and breaking 
crust present on the surface of the bath. Additional 
metal oxide of the metal to be produced may be fed 
into the reduction cell subsequent to the breaking of 
the crust. 
Although the present invention has been described, 

in its apparatus aspect, in conjunction with a single 
electrolytic reduction cell, it is to be appreciated that 
the invention is applicable to systems which involve 
multiplexing of the command signals in order to control 
the operating parameters of many reduction cells. In 
this instance, the circuit arrangement would, of course, 
also sense the currents supplied to each cell, the volt 
age across each cell via multiplexing circuits, the feed 
ing of the command signals and the sensing of the cur 
rents and the voltages being appropriately synchro 
nized. 

It is also to be appreciated that the invention, in its 
method aspect, need not be carried out in the illus 
trated apparatus, but may be carried out by other appa 
ratuses. - 

While one embodiment of the invention‘ has been 
shown for purposes of illustration, it is to be understood 
that various changes in the details of construction and - 
arrangement of parts may be made without departing 
from the spirit and scope of the invention as de?ned in 
the appended method and apparatus claims. 

It is claimed: 
1. A method of producing metal comprising provid 

ing an electrolytic bath containing dissolved oxide of 
the metal in a reduction cell, causing direct currentto 
?ow through said bath, collecting said metal on the bot 
tom of said reduction cell, sensing the direct voltage 
across said cell, producing a limited output signal cor 
responding to the voltage across said cell up to a given 
level thereof, which is less than maximum anode effect 
voltage level, and producing a signal of ONE level upon 
occurrence of any output signal level if the limited out 
put signal is in excess of a given threshold level, which 
is less than maximum possible level of the limited out 
put signal, and developing a signal of ZERO level upon 
occurrence of any output signal level below the given 
threshold level, the signal of ONE level being indicative 
of occurence of anode effect. 

2. A method as de?ned in claim 1 further comprising 
extinguishing the anode effect. 

3. A method as de?ned in claim 1 wherein said step 
of providing an electrolytic bath includes routinely 
feeding the oxide of the metal into the bath at a rate in 
sufficient to maintain the concentration of such mate 
rial in said bath at levels which avoid the occurrence of 
anode effects. 

4. A method as de?ned in claim 2 wherein said step 
of providing an electrolytic bath includes routinely 
feeding the oxide of the metal into the bath at a rate in 
suf?cient to maintain the concentration of such mate 
rial in said bath at levels which avoid the occurrence of 
anode effects. ‘ ’ 

5.'A method as de?ned in claim 1 wherein the step 
of providing an electrolytic bath comprises providing 
an electrolytic bath composed of alumina as the solute 
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and cryolite as the solvent. the metal produced being 
aluminum. 

6. A method as defined in claim ll wherein the step 
of sensing the direct voltage across said reduction cell 
is the step of intermittently sensing the voltage across 
said reduction cell. 

'7. A method as defined in claim 1 further comprising 
determining the resistance of said bath, and adjusting 
the anode-to-cathode electrode spacing of the elec 
trode structure of said reduction cell to maintain the 
resistance of said bath within predetermined limits dur 
ing regular electrolysis. 

8. A method de?ned in claim 2 wherein the step 
of extinguishing the anode effect comprises reducing 
the anode-to-cathode spacing of the electrode struc 
ture of said reduction cell and breaking crust present 
on the surface of said bath. 

9. A method as de?ned in claim 8 further including, 
subsequent to the crust breaking, feeding additional 
metal oxide of the metal to be produced into said re 
duction cell. 

10. An apparatus for producing metal from an elec 
trolytic bath containing dissolved oxide of the metal 
comprising at least one reduction cell having electrode 
means for delivering direct current to said electrolytic 
bath, said electrode means including anode electrode 
means and cathode electrode means; and anode effect 
detecting means including voltage limiting means re 
sponsive to voltage between said anode electrode 
means and said cathode electrode means for develop 
ing an output signal corresponding to the voltage be 
tween said anode eiectrodc means and said cathode 
electrode means only up to a given level thereof below 
maximum anode effect voltage between these elec 
trode means, and threshold level detector means re 
sponsive to the output signal from said limiting means 
for developing a signal of ONE level in response to sig 
nals exceeding a given threshold level which is less than 
maximum output signal level of said limiting means and 
for developing a signal of ZERO level in response to 
signals below the given threshold level from said limit 
ing means, the signal of the ONE level being indicative 
of occurrence of an anode effect. 

11. An apparatus as defined in claim it) wherein said 
threshold level detecting means is a diode which be 
comes conductive at approximately 7.5 volts, said 
diode being substantially nonconductive at lower volt 

15 

20 

25 

35 

40 

45 

55 

M 
age levels. 

12. An apparatus as defined in claim 11 wherein said 
limiting means is a limiting amplifier, said ampli?er 
being operatively arranged to limit at approximately 
10.0 volts and having a gain of one. 

13. An apparatus as de?ned in claim 10 further com— 
prising means responsive to the output of said threshold 
level detecting means for extinguishing the detected 
anode effects. 

14. An apparatus as defined in claim 13 wherein said 
means for extinguishing the detected anode effects in 
cludes means for reducing the spacing between said 
anode electrode means and said cathode electrode 
means and means for breaking crust on the surface of 
said bath. 

15. An apparatus as defined in claim 14 wherein said 
means for extinguishing the detected anode effects in 
cludes means for feeding additional oxide of the metal 
to be produced into said reduction cell. 

16. An apparatus as defined. in claim 15 further com 
prising means for routinely feeding oxide of the metal 
into said bath. 

17. An apparatus as defined in claim to wherein said 
means for routinely feeding oxide of the metal into said 
bath is operatively arranged to feed such material at a 
rate insufficient to avoid all anode effects. 

18. An apparatus as de?ned in claim 10 further com 
prising means for determining the resistance of said 
bath and means responsive to output from said means 
for determining resistance for adjusting spacing be 
tween said anode electrode means and said cathode 
electrode means to maintain the resistance of said bath 
within predetermined limits. 

19. An apparatus as defined in claim 13 wherein said 
means for extinguishing the detected anode effects in 
cludes means for reducing spacing between said anode 
electrode means and said cathode electrode means in 
response to signals from said threshold level detecting 
means. 

20. An apparatus as defined in claim 19 wherein said 
means for extinguishing the detected anode effects fur 
ther includes means for feeding additional oxide of the 
metal to be produced into said reduction cell in re 
sponse to signals from said anode effect detecting 
means. 
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