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This invention relates to a new form of elec 
trode for an electrolytic cell in which a desired 
electrochemical reaction is brought about in the 
electrolyte. 
A large number of chemical reactions are com 

monly carried out in industry by subjecting solu 
tions containing reactants to electrolytic action. 
Thus in the production of hydrogen peroxide it 
is common to subject aikali metal bisulphate, 
including ammonium bisulphate solutions, or 
Solutions of Sulphuric acid, to electrolysis, in 
Order to oxidize the cation to the corresponding 
perSulphate, which is then withdrawn from the 
electrolytic cell and further treated for the pro 
duction of hydrogen peroxide. A large number 
of other Well known oxidation and reduction re 
actions, as well as other chemical reactions, are 
Carried out by electrolytic action in aqueous or 
non-aqueous solutions. For the economical op 
eration of Such electrochemical processes it is 
usually necessary that certain physical charac 
teristics of the system be carefully controlled. 
Thus it is usually important that the difference 
of potential between an electrode and the body 
of electrolyte, or the current density at the elec 
trode Surface or in the body of the electrolyte, 
be maintained between definite limits; operation 
under conditions outside Such limits will either 
result in furnishing too little energy to bring 
about the desired chemical reaction while wast 
ing power in resistance losses, or in furnishing 
too much energy or providing too high a poten 
tial so that some undesirable side reaction is 
promoted, or overheating the electrode and/or 
Solution. So that either lower electrolytic yields 
or actual decomposition of the desired product 
results. - 

In many electrolytic cells the proper electrical 
conditions can be maintained throughout the 
electrolyte by merely carefully controlling the 
overall voltage applied to this cell, but in some 
electrochemical processes, such as the production 
of persulphate, or persulphuric acid referred to 
above, and other processes employing costly ma 
terial such as precious metals as electrode ma 
terial, it has been found that despite careful 
control of cell voltage the electrochemical action 
occurring in the electrolyte is quite irregular. 
Under some conditions the reaction is too violent 
and decomposition and undesirable side reactions 
occur, while under other conditions the local dif 
ference of potential, current density, or over 
voltage is apparently insufficient to cause the 
desired reaction to take place. . . 

I have now... discovered that Such irregular 
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chemical reactions occurring on the surface of 
the electrode in an electrolytic System employ 
ing costly material such as precious metals as 
electrode material, may be related to the fact 
that loss of potential throughout the length of 
the electrode is high, i. e. may be greater than 
one volt, and that this loSS does not occur at a 
uniform rate over the length of the electrode 
from one end to the other. I have further found 
that the irregularity and non-unifornity in the 
chemical reaction on the surface of the electrode 
in Such a cell, as well as the other disadvantages 
above mentioned, can be substantially eliminated 
by providing that the electrode having the sub 
stantial resistance referred to be of Such conce 
struction that the resistance per unit length of 
Successive portions of Such electrode be in inverse 
relation to the magnitude of the current in Such 
Successive portions when the electrolytic System 
is in operation; that is the immersed portion of 
the electrode may be either of variable size or 
of variable material of construction, such that 
the resistance per unit length of electrode has 
a smaller value in that part of the electrode 
nearer the point of Connection to the source of 
power, whereas the resistance per unit length 
of the electrode has a successively greater value 
in Successive parts of the electrode farther from 
the point of connection to the power source. 
Thus the platinum anodes generally used in the 
electrolysis of Sulphates or sulfuric acid to form 
the corresponding perSulphate or persulfuric acid 
may have the cross-section of their immersed 
portions in tapered form, the thickest part of 
the electrode being nearest to the connection to 
the power Source. Since a metal such as plati 
num is costly, a minimum quantity should be. 
employed in electrode construction, but it is a 
part of my discovery that when the investment 
cost in Such metal is balanced against losses 
caused by irregularity in the chemical reaction, 
IR losses in the electrode, and losses due to elec 
trode disintegration caused by the electrochemi 
cal action, a Surprisingly low total investment 
and operational cost may be achieved by an elec 
trode construction. Such as above described. 

It must be understood that although in my 
preferred construction the , cross-sectional area. 
of the electrode is continuously varied from one 
end to the other, this is preferably accomplished 
Without Substantial variation in the width of 
the electrode face presented to the electrolysis: 
Zone, in the interest of keeping the electrolytic 
action as uniform as possible, from one end of 
the electrode to the other. 
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In the accompanying drawing there are illus 

trated in diagrammatic form two embodiments of 
the electrode design of my invention as applied to 
platinum anodes employed in cells for the elec 
trolysis of ammonium bisulphate to produce am 
monium perSulphate. Figures 1 and 1a are di 
agrammatic representations of One of the in 
mersed portions of such a platinum anode show 
ing side and face views, respectively, the side view 
showing the tapered shape. Figure 2 is a dia 
grammatic representation showing how several 
Such tapered members (face views) are incorpo 
rated into a single anode structure in a preferred 
form of construction. Figure 3 is a diagram 
natic representation of a cell showing a side view 
of the anode, illustrating how the anode struc 
ture is placed in the anode compartment. 

electrode construction within the scope of my 
invention. 

In the illustrated embodiment, the immersed 
anode portion is tapered approximately uni 
formly from its upper end to its lower end as 
shown. When the anode is immersed in the 
electrolyte, the lower end of this member is far 
thest from the source of power, whereas the 
upper end is closest to the power source. In 
the preferred construction shown in Figure 2, 
four members such as those shown in Figure 1 
are employed to form a single anode structure. 
Pairs of these members may be advantageously 
connected together, top and bottom, by the lat 
eral members 2 and if as shown and the two 
upper lateral members may be connected through 
leads 3 with the power source. Lateral members 

are employed for mechanical rigidity only. In 
the same manner a plurality of single anodes, 
singly or in groups, may likewise be employed. 
In use such anode may be immersed in the anode 
chamber of a cell such as that shown in Figure 3. 
The cell tank 4 is constructed of an suitable ma 
terial such as stoneware, porcelain, or glass and 
is divided into an anode and a cathode chamber 
by diaphragm 5. In Figure 3 the anodestructure 
-2-3 is shown immersed in the anolyte 6 in 
the anode compartment and the cathode 7.com 
monly made of lead in this case is shown im 
nerSed in cathode compartment 8. 

Figure 4 illustrates another construction by 
which the same result can be achieved. In this 
case a thin platinum strip 9 of uniform thickness 
has welded to one surface (namely to the surface 
that becomes the back of the strip 9 in an elec 
trolytic operation a second platinum strip O 
of uniform thickness but tapering in width from 
top to bottom. This method of construction like 
Wise results in an electrode which when used re 
Sults in a much lower loss of potential through 
out its length than is common in the prior art 
electrode, the potential loss being substantially 
linear along the length of the electrode, just as 
in the electrode construction shown in Figure 1. 

Representative prior art electrodes of the type 
under discussion are described, for example, in 
the section of the War Department's report PB 
17331 dealing with operation of the Elchemie 
G. -n. b. H. electrolytic persulfate plant at 
Shaftenau, Austria; the report states that the 
Working anode surface is provided by platinum 
Strips 400 mm. long, 8 mm. wide and .04 mm. 
thick, positioned vertically in the cell with the 8 
nam. Wide surfaces facing the electrolysis zone. 
Tapered anodes Constructed in accordance with 
my invention, containing approximately the same 

Fig. 
ures 4 and 4a illustrate another advantageous 
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4. 
effective anode surface as the above but having all 
the advantages above enumerated for my new 
electrode construction, may be exactly the same 
dimension as the above-described platinum strips 
except that the thickness increases uniformly 
from .04 mm. at the bottom to about ten times 
that value at the top end of the strip, 
The following example is illustrative of the ad 

vantages of my electrode construction, as demon 
strated for platinum anodes employed in a con 
ventional electrolytic operation, namely persul 
fate production, operated in the manner fully 
described in the art. 

In a number of illustrative runs the operation 
of an ammonium persulphate cell equipped with 
tapered platinum anodes as above described was 
compared with the operation of a cell equipped 
With the prior art type of anode, containing ap 
proximately the same effective anode Surface area, 
but so constructed that the immersed portion of 
the anode had substantially the same cross-sec 
tional area throughout its length. The follow 
ing tabulation shows the cell voltage required for 
the two types of anodes, namely the prior art 
type (identified as "old type anode') and the 
type of the present invention (referred to as "new 
type anode'). 

Cell Voltage; Cell Voltage; 
Old Type New Type 
Anode Anode 

A. Operation at 1.0 anp-fc.m.?------- 4.9 44 
B. Operation at 1.5 amp.lcm.2- - 5.7 4.8 to 5.0 
C. Operation at 1.8 amp.lcm.?--- 6:1 5.2 

On a commercial scale the current efficiency of 
the old type anode has been found to be 66.7%. 
Under the same conditions the new type anode 
resulted in a current efficiency of 77.8%. 
In addition to the increased efficiency of Opera 

tion and the reduction in power requirement aS 
shown by the above tabulation, other important. 
advantages were noted in the use of the tapered 
electrode, as compared to the old type anode. In 
the formation of ammonium perSulphate the 
maintenance of relatively low temperatures in 
the anode chamber results in improved current 
efficiency. Temperatures are usually kept low by 
providing cooling coils or tubes by means of which 
the heat developed as a result of the electrolytic 
Oxidation and electrical power losses through the 
cell is removed. Because of the decreased power 
Waste resulting from the use of the new type 
anode, the cooling load on the electrolyte refrig 
eration System was reduced substantially. More 
over with the old type of electrode it was noted 
that there was a tendency for violent activity to 
take place near the upper part of the immersed 
portion of the anode and this activity resulted in 
the attack of the platinum of which the anode 
Was constructed which made periodic repair and 
replacement of the anode structure necessary. 
No such attack was noted with the tapered 
anodes of the above example. Other electrolytic 
processes to which the electrode construction of 
my invention is applicable include: w 

(a) Electrolysis of chlorides such as sodium 
chloride to form chlorine and caustic soda emi 
ploying an aqueous solution of chlorides, the 
anodes being made of platinum and cathodes 
made of iron. 

(b) Electrolysis of aqueous chloride solutions 
to form chlorates, using electrodes as in A. 

(c) The electrolytic preparation of perphos 
phates employing platinum anodes. 

  



5 
... (d). The electrolytic formation of percarbon 

ates employing platinum anodes. 
... (e). Electrolytic oxidation of chlorates to per 

chlorates, using platinum anodes. 
(f) The electrolytic production of hypochlo 

rites, using bipolar electrodes of platinum-iridium. 
(g). The electrolytic production of iodoform 

from alcohol and iodide, using platinum anodes. 
(h) Electrolytic reduction of p-aminophenol 

to nitrobenzene, using platinum cathodes. 
As above stated, the new electrode construc 

tion of my invention is important for electrodes 
made of costly material such as the precious 
metals. Examples of such materials include: 
platinum, gold, tantalun, iridium, paladium, re 
lated metals, and the various chemically resistant 
costly alloys, e. g. an alloy containing a precious 
metal. Such electrodes are employed in elec 
trolytic operations in which the desired electro 
chemical reaction does not consume the material 
of the electrode under discussion. 
Although, as above made clear, a uniformly 

decreasing cross-section in the immersed portion 
of the electrode of my invention is preferred in 
order that the small potential loss that still exists 
in my electrode construction be substantially 
linear, in relation to the electrode length, it is 
also within the purview of my invention that 
the decrease in cross-sectional area (or the equiv 
alent variation in construction employed to ob 
tain decreasing current-carrying capacity) may 
be step-wise, in two or more steps, resulting in 
three or more electrode sections of successively 
decreasing current-carrying capacity. Warious 
contours of constructions of the immersed part 
Of the electrode may be feasible So long as it is a 
general characteristic of the greater part of the 
immersed electrode member that the current 
carrying capacity of successive portions thereof 
decreases either continuously or step-wise as the 
length of the electrical path to each such portion 
increases. Such terms as 'generally decreasing' 
and “generally increases' are used in the claims 
to nean that the decrease or increase (as the 
case may be) may be either uniform or step-wise, 
and that Small irregularities in electrode con 
tour or construction are disregarded. 
Since many modifications to the apparatus of 

ny invention as described above are possible with 
out departure from the Scope of the invention, 
it is intended that the above description of my 
invention should be interpreted as illustrative, 
and the invention is not to be limited except as 
Set forth in the claims Which follow. 

I claim: 
1. The method of producing an inorganic com 

pound of an increased oxidation state compris 
ing inserting in an electrolyte formed of a water 
solution of a corresponding compound of lower 
State of oxidation a pair of electrodes with elec 
tric leads connected thereto, said electrodes com 
prising an anode and a cathode, said anode being 
formed of material of the group consisting of 
platinum, gold, tantalum, iridium, and palladium 
and having an active surface of Substantially uni 
form width and a body of progressively decreas 
ing cross-sectional area, from one end to the other, 
the conductivity being greatest at its end of great 
est cross-sectional area, and progressively decreas 
ing with decrease in cross-sectional area toward 
its end of Smallest cross-sectional area, main 
taining substantially equal the potential between 
all facing areas of Said electrodes by passing Sub 
stantially all of the current through said anode 
portion of greatest conductivity and passing sub 
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6. 
stantially equal increments of current from said 
anode to said electrolyte at various portions of 
said anode spaced from said portion of greatest 
conductivity, and thereby progressively decreas 
ing the flow of current through Said anode at 
successive portions with decrease of conductivity 
in said anode. 

2. The method of claim in Which the anode 
is made of platinum. 

3. The method of producing inorganic com 
pounds of high oxidation state comprising insert 
ing in a Water solution of a corresponding con 
pound of lower state oxidation a pair of electrodes 
With electric leads connected thereto, Said elec 
trodes Comprising an anode and a cathode, Said 
anode being formed of at least: One material of 
the group consisting of platinum, gold, iridium, 
and palladium and formed with a rectangular 
face and a progressive cross-sectional taper, the 
conductivity being greatest at its thickest portion 
and progressively decreasing with the taper to 
Wards its thinnest portion, maintaining a Sub 
stantially equal potential between all facing areas 
of said electrodes by connecting said lead to said 
anode at its portion of greatest conductivity and 
passing Substantially equal increments of cur 
rent fron said anode to said electrolyte at various 
portions of Said anode Spaced from Said portion 
of greatest conductivity, and thereby progressive 
ly decreasing the flow of current through said 
anode at Successive portions With decrease of 
conductivity in Said anode. 

4. The method of claim 3 in which the anode 
is made of platinum. 3. 

5. The method of producing perSulfates con 
prising inserting in an electrolyte formed of a 
water solution of a compound in lower state of 
oxidation containing the sulfate radical, a pair of 
electrodes With electric leads connected thereto, 
said electrodes comprising an anode and a cath 
ode, Said anode being formed of material of the 
group consisting of platinum, gold, tantalum, irid 
ium, and paladium and having an active surface 
Of Substantially uniform width and a body of pro 
gressively decreasing cross-sectional area, from 
one end to the other, the conductivity being 
greatest at its end of greatest cross-sectional area, 
and progressively decreasing With decrease in 
cross-sectional area toward its end of Smallest 
CrOSS-Sectional area, maintaining substantially 
equal the potential between all facing areas of 
said electrodes by passing substantially all of 
the current through said anode portion of great 
est conductivity and passing substantially equal 
increments of current from said anode to said 
electrolyte at various portions of said anode 
spaced from Said portion of greatest conductivity, 
and thereby progressively decreasing the flow of 
current through said anode at successive portions, 
with decrease of conductivity therein. 

6. The method of claim 5 in which the anode 
is made of platinum. 

7. The method of producing persulfates com 
prising inserting in an electrolyte formed of a 
water solution of a compound in lower state of 
oxidation containing the sulfate radical a pair 
of electrodes with electric leads connected there 
to, Said electrodes comprising an anode and a 
Cathode, Said anode being formed of platinum, 
and formed with a rectangular face and a pro 
gressive cross-sectional taper, the conductivity 
being greatest at its thickest portion and pro 
gressively decreasing with the taper toward its 
thinnest portion, maintaining a substantially 
equal potential between all facing areas of said 
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electrodes by connecting said lead to said anode. 
at its portion of greatest conductivity and pass 
ing substantially equal increments of current 
from said anode to said electrolyte at various 
portions of said anode spaced from said portion 
Of greatest conductivity, and thereby decreasing 
the flow of current through said anode at suc 
cessive portions with decrease of conductivity in 
Said anode. 

*8. The method of producing inorganic per 
Cornponds comprising inserting in an electrolyte 

- formed of . a water solution of a corresponding 
compound of lower. state oxidation a pair of elec 
trodes with electric leads connected thereto, said 
electrodes comprising an anode and a cathode, 
said anode being formed of material of the group 
consisting of platinum, gold, tantalum, iridium, 
and palladium, and formed of two Substantially 
fat. StripS Securely bonded together and in elec 
trical contact with each other throughout their 
immersed length the first of said strips facing 
said cathode and being substantially rectangular 
in shape, whereas the second of said strips de 
creases. Successively in width throughout a sub 
stantial portion of its length, the conductivity 
of Said anode being greatest at the portion at 
Which the Second of Said strips is widest and 
progressively decreasing with decrease in width 
of Said strip, maintaining a substantially equal 
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potential between said electrodes bypassing sub 
stantially all of the current through said anode 
portion of greatest conductivity and passing sub 
stantially equal increments of current from said. 
anode to said electrolyte at various portions of 
said anode spaced from said portion of greatest 
conductivity, and thereby decreasing the flow of 
current through said anode at successive por 
tions, with decrease of conductivity in said anode. 

RUSSE, E, CUSENG. 
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