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ABSTRACT OF THE DISCLOSURE

Alkali metal perchlorates are produced by incremental
electrolysis of the corresponding chlorate by applying a
decomposition voltage across the electrolyte in an elec
trolytic cell, passing the incrementally electrolyzed alkali
metal chlorate solution to additional cells in series, said
individual incremental electrolysis constituting the con

conversion of alkali metal chlorates to alkali metal per

The invention will be readily understood with refer
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trode.

25

This invention relates to the reduction of electrode con

sumption in electrolytic cells, and more particularly to a
method of reducing the anode consumption during the
electrolysis of alkali metal chlorates to alkali metal per
chlorates.
In the production of perchlorates, considerable expense
is incurred due to the consumption of anodes. A great ef
fort has been made to find an anode material which is
resistant to the perchlorate electrolysis environment. So
far, only a few materials have been found which perform
with reasonable success, but even these materials, of
which platinum and lead dioxide are most frequently
used, are decomposed at a rate which appreciably af
fects the cost of perchlorate manufacture. Because of the
added cost and the contamination of the perchlorate
product due to corrosion and erosion of the anode ma
terial, attempts have been made to reduce the anode
consumption by controlling the temperature and other
factors which have been thought to influence the corro
sion rate.
It is known that low temperatures reduce anode losses.
However, low operating temperatures result in high volt
ages which are also costly. Therefore, previous attempts
to reduce anode consumption in perchlorate cells by
changes in temperatures, current densities and so forth
resulted in a compromise of the various factors involved.
While such comprise conditions have been accepted for
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ence to the drawings in which:
FIG. 1 is a flow sheet describing the process of the
present invention; and
FIG. 2 graphically illustrates the improvements ob
tained in reduced platinum consumption by the process
of the present invention.
The present invention is described more particularily
with respect to platinum and platinum alloy anodes.
However, in an effort to more clearly describe the inven
tion, the description and examples will relate primarily
to platinum alloys. Such description and examples are
not to be understood as limiting the invention to plati
num alloys.
The present invention resides in the application of a
newly discovered principle to an electrolytic cell for the

production of alkali metal perchlorates, especially sodi

um perchlorate. The principle discovered is that anode
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loss, such as the platinum loss, depends on the electro
lytic conversion of chlorate to perchlorate and not on
the quantity of chlorate converted to perchlorate.
The kinetic theory for platinum losses is explained by
the kinetic expressions developed for a batch operation;
the rate of chlorate consumption, dc/dt depends only on
the current and can be expressed as a zero order reac
tion in:

-de
rate =
dt =k
wherein rate, or dc/dt, is the rate of chlorate conversion

50

many years, they are not entirely satisfactory.
In addition to controlling various physical factors, the
electrolyte flow, through perchlorate cells, has previously 55
been essentially in parallel relation to the cells, that is,
the electrolyte flows from a cooling tank to a bank of
electrolytic cells having one to a hundred or more cells
in a single tank. The electrolyte was circulated freely 60
through the cell bank and then returned to the cooling
tank. It has been proposed to operate these banks of
cells by connecting two to about five cell banks to a sin
gle cooling tank and to thereby circulate the electrolyte
through the cell banks freely or progressively. The pres
ent invention provides an improved process which great 65
ly improves the efficiency of perchlorate cells.
It is an object of the present invention to provide a
method for reducing the loss of anode material due to
chemical corrosion in a perchlorate cell. It is another
object of this invention to provide a process whereby 70
platinum consumption is reduced in perchlorate cells by

In accordance with the invention a method of effecting

the electrolysis of chlorates to perchlorates is provided
comprising feeding an aqueous solution of alkali metal
chlorate to an electrolytic cell applying a decomposition
voltage across the cell, effecting an incremental electrol
ysis of alkali metal chlorate to alkali metal perchlorate
in the cell, passing the incrementally electrolyzed alkali
metal chlorate solution to additional cells in series, ef
fecting additional incremental electrolysis therein, thereby
effecting the production of alkali metal perchlorate.
The present invention provides a means of markedly
reducing the anode consumption of electrodes during the
chlorates.

version ratio of initial chlorate concentration to final

chlorate concentration falling within the range of less
than 1.0 to 0.5. The incremental electrolysis of alkali
metal chlorates within the conversion range specified,
minimizes the consumption of platinum from an elec
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a factor many times that experienced in conventional
perchlorate cells. These and other objects will become
apparent to those skilled in the art from the description

ELECTROLYTIC PREPARATION

Edward H. Cook, Jr., and Morris P. Gretheer, Lewiston,
N.Y., assignors to Hooker Chemical Corporation,
Niagara Falls, N.Y., a corporation of New York
Filed Nov. 25, 1964, Ser. No. 413,833

3,475,301

to perchlorate and k' is a constant depending on the
current and current efficiency. k is determined by using
Faraday's law and current efficiency to determine pro
duction rate. The constant k’ depends on both the total
current and the current efficiency.
The rate of platinum consumption dp/dt, increases as
the chlorate concentration in the batch decreases. There
fore, the rate is inversely proportional to the chlorate
concentration C at any time. This is expressed as:
rate2= dpk'
di TC

The rate of platinum consumption is related to the de
crease in chlorate concentration by the expression:

if C is the sodium chlorate concentration at a given time,
and if P is the platinum weight loss at the same time, the
following expression is developed:
CdCP

G-faP
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which on integrating results in:
C

log C, P
where the constant k still includes the current efficiency
factor from k'.

This expression indicates that the platinum weight loss
is related to the fraction of chlorate oxidized to perchlo
rate and is independent of the total amount of chlorate
oxidized. Laboratory experiments have proven the expres

sion to be true for constant current efficiencies. The IO

expression developed, teaches that the logarithm of the
ratio of the final chlorate concentration over the initial

4.
concentration being consistent with the solubility limits.
The electrolysis process can be varied so that the total
electrolytic decomposition effected by the multitude of
incremental electrolyses is any amount within the range
of 900 to 5 grams per liter of sodium chlorate. For ex
ample, a decomposition of a feed liquor at 500 grams
per liter to 200 grams per liter of sodium chlorate plus
the formed sodium perchlorate can be effected, as well
as any other partial decomposition within the range of
900 to 5 grams per liter. The number of incremental elec
trolysis employed for any degree of sodium chlorate
decomposition is again determined by the equation

Co-C-

chlorate concentration is equal to the platinum loss, i.e.,

log =RP
In other words, as the ratio of C/C approaches 1, the
platinum loss approaches zero.
To apply the derived principle to reduce the platinum
consumption in a perchlorate cell, the electrolysis in the

where N is in the range of about 20 to 130 and prefer
ably 40 to 130, depending on the total change between
the initial chlorate concentration and final chlorate con
centration.
20

cell is effected so that the fraction of chlorate converted

to perchlorate is small with respect to any given cell, i.e.,
ratio C/Co-> 1. In this manner the log of the ratio of the
final chlorate concentration over the initial chlorate con
centration approaches zero.
To apply the discovered principles to an electrolytic
cell for the production of perchlorates, a multi-cell, con
tinuous process was developed wherein the current den
sity, number of cells and feed rate are controlled so that
within each cell, the sodium chlorate concentration
within the cell approaches a state wherein the chlorate
concentration is constant with respect to the cell. That is,
the effected electrolysis in a given cell would be finite,
but would approach zero. In a preferred embodiment,

25
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the arithmetic ratio of sodium chlorate concentration

leaving a given cell over the sodium chlorate concentra

tion entering the same cell ranges from less than 1.0 to
0.5, the ratio r being that at which anode losses are greatly
reduced.
The process of the present invention was found to be
most conveniently effected in a bipolar cell constructed so
as to provide a continuous flow in stepwise fashion from
one electrode to another. The electrolyte is controlled so
as to proceed at a desired rate through the bipolar cell
assembly. Although the process of the present invention
can be utilized in monopolar cells, such applications are
more readily and conveniently applied to bipolar cells.
To effect the most desired results by way of reducing
anode losses, the electrolysis is effected in a manner such
that the average electrolysis per cell amounts to a con
version of about 5 to 10 grams per liter of sodium chlo
rate to sodium perchlorate, depending on the concentra
tion of feed liquor going into the cell and the concentra
tion of liquor leaving the cell. The preferred number of
cells or incremental electrolysis used in the production
of perchlorate by the present method is determined by
the expression

40

The incremental electrolysis is effected in individual
cells composed of an anode and a cathode.
Since the sum of the anode consumption over a series
of individual electrolyses is equal to the anode consump
tion for the total electrolysis, one would at first expect
the anode consumption to be unchanged by the present
process. However, a radical improvement in platinum
consumption is realized which follows the developed
theory. The developed theory states that anode consump
tion depends only on the degree of electrolytic conversion
and not the quantity of chlorate converted to perchlorate.
Therefore, in the present process, a constant concentra
tion of chlorate feed liquor is continuously fed to each
cell to effect an incremental electrolysis in each cell.
Since the flow of feed liquor at the same concentration
is infinite with respect to each cell, and the degree of
electrolysis is small, the platinum consumption in grams
per ton of perchlorate produced approaches zero. There
fore, in the present process, the platinum loss approaches
zero as the average effected electrolysis per cell ap
proaches zero. In this manner, the platinum loss per ton
of perchlorate produced is greatly diminished by the pres
ent process.

45

As previously stated, the process of the present in
vention is readily effected in a bipolar cell assembly. Such
a bipolar assembly is constructed so as to control the
flow of electrolyte between bipolar electrode plates. By
using smooth, bright platinum coated sheets for elec

trodes, one side of which serves as a positive pole, the
other side as a negative pole, such electrode plates are
50 arranged so as to form the sidewalls of a sealed
chamber within the cell assembly. Preferably, the bi
polar electrodes are surrounded by a non-conductive ma
terial such as slate, rigid polyvinyl chloride resin and
the like, which form a seal between the electrode and the
55 assembly walls. Thus, individual cells are formed within
a bipolar cell assembly, the bipolar electrodes forming
sidewalls for the cells and being held in place and insulated
from the cell assembly by the non-conductive sealing
Co-C
material. A bipolar cell of this type is described by
60 M. P. Gretheer, in Ser. No. 403,104, filed Oct. 12, 1964.
To control the flow of electrolyte between adjacent cells,
wherein Co is the initial chlorate concentration in grams
one or more holes are placed in the sealing material
per liter, C is the final concentration of chlorate in grams
to permit unidirectional flow of electrolyte from one cell
per liter, x is the average electrolysis in per cell and N is
to another, progressively through the series of cells.
the number of incremental electrolyses.
The concentration Co., in any given ceil can be varied 65 In a like manner, non-conductive inert partitions can
be placed between pairs of positive and negative elec
for the particular process between about 900 to 10 grams
trodes in a monopolar cell series to facilitate electrolysis
per liter of NaClO3. The concentration C can also be
while economizing space. The inert partitions are also
varied in the range of about 899 to 5 grams per liter of
NaClO3. The average electrolysis, x, in any one step or
constructed of slate, concrete and the like, or inert resins
cell can be varied from a decomposition of sodium chlo 70 Such as polyvinyl chloride, polyvinylidene chloride, poly
tetrafluoroethylene and the like. Again, one or more
rate in an amount of about 0.1 to about 20 grams per
openings are placed in the partition to permit unidirec
liter per cell, 5 to 10 grams per liter per cell being pre
tional flow of electrolyte through the cell series.
ferred. The concentration of sodium chlorate in a feed
The flow rate through the cell assembly is in series,
solution to a cell series rather than an individual cell
ranges from about 900 to about 100 grams per liter, the 75 whether a bipolar cell assembly or a series of monopolar

5
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assembly or series of cells. In the normal operation

of the cell, a current density of 0.75 to 4.5 or more

amps per square inch is used. With a bipolar cell assem
bly operating at an average current of 1800 to 4000
amps, a flow rate of 0.5 to about 4 gallons feed solution
per minute can be used. Such flow rates depend largely
upon the capacity of the cell series and can reasonably
be expected to be greater or less for cell assemblies of
varying capacities. Greater operating currents Will per

10

mit greater flow rates.
The electrodes used in the present invention are of

any suitable anode material for perchlorate electrolysis.
Therefore, the anode may be of lead dioxide or more
preferably platinum or platinum alloys. The cathode
can also be of platinum or platinum alloys in addition
to other electrically conductive metals such as copper,
nickel, steel, silver and the like metals and alloys
thereof. Since the cathode normally is not Sub
jected to severe corrosion, less expensive material can
be used. Normally, only the anode face is of a corrosion
resistant material such as lead dioxide or platinum, the
face being preferably supported by a conductive material

5
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such as titanium or tantalum. The conductive metal serves

as a backing to supply the needed structural strength to
the platinum face, thereby reducing the quantity of

platinum required. In this manner only a very thin coat
ing of platinum is required to form the anode face.
As in conventional perchlorate electrolyses, it is pre
ferred to control the temperature of the electrolyte dur
ing electrolysis within a temperature of 20 degrees centi
grade to 80 degrees centigrade. However, because of
the lower platinum consumption by the present process,
if it should be found to be desirable to operate at
higher than normal temperatures, such operation can
be effected by the present process at much lower platinum
losses than would be expected by conventional methods.
Normally, it is preferred to conduct the electrolysis at
a temperature within the range of about 24 to 60 degrees
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the cell. The anode and cathode used in the cell were

TABLE I
Rate of

Converted to

Wolume

Liquor

Anode Loss

to Cell
Wolume

of NaClO4
Produced

5.5
13.0
16.9
9.5

80 to
35 to
370 to 1
70 to

0, 80
20
1.56
2.86

NaClO4 in a
Single Cell

Example Number:
3--

60

70

Grams
Platinum
ridium

Grains Per

Liter NaClO3

50

Per Tom

As a means of comparison with conventional sodium
perchlorate cells, conventional processes result in plati
num losses, at the stated temperature, ranging from as
low as 3.11 grams platinum to 6.22 grams platinum loss
per ton of sodium perchlorate produced, with the average
platinum anode loss being in excess of 4.0 grams per
ton of sodium perchlorate produced. In the present proc
ess, as particularly illustrated in Examples 2 and 3, the
platinum anode loss is greatly reduced by incremental
electrolysis. Thus, in the preferred incremental range the
anode loss is greatly reduced over any other known
proceSS.
The examples further illustrate that as the grams per
liter of sodium chlorate electrolyzed in any given cell
decreases so that the function of the log of the ratio

influences the platinum loss so that it is readily seen in

studying FIG. 1 that lower operating temperatures are

in water. The liquor was fed at a controlled rate through

45 loss.

dependent on the ratio of chlorate concentration. Line

fore, as the incremental electrolysis per cell approaches
zero, the platinum anode loss per ton of sodium per
chlorate produced approaches zero. Again, the developed
theory is experimentally proven to be correct in showing
that platinum loss is independent of the volume of sodium
chlorate decomposed to sodium perchlorate but rather
dependent on the degree of decomposition.
The graph further illustrates that temperature strongly

the platinum loss would be 0.5 gram per ton of sodium
perchlorate produced compared to about 4 grams per ton
by conventional methods. Again, when operating at
60-2 degrees centigrade and maintaining the ratio of
the chlorate concentration at 0.7, the platinum loss would
be 2.5 grams per ton of sodium perchlorate produced
compared to about 20 grams loss by conventional
methods.
Examples 2 through 5
To demonstrate and prove the effect of incremental
electrolysis of sodium chlorate to Sodium perchlorate,
experimental cells were constructed and operated in ac
cordance with the present invention. Data was collected
during the electrolysis by observing the electrolysis within
individual cells. The cells were constructed so as to pass
a large volume of liquor through the cell and effect an
incremental electrolysis within each cell prior to pass
ing the liquor to another cell, the flow being continuous
with respect to each cell. The volume of liquor passing
through each cell was in a liquor-volume ratio to cell
volume of 135 to 370 liquor-volumes per cell volume.
The liquor passing through the observed cell was at a

of 90 percent platinum and 10 percent iridium. Elec
trolysis was effected by passing a decomposition voltage
through the cell at an anode current density of 1.6
amperes per square inch. The cell temperature was con
trolled at 45 degrees centigrade. By increasing or de
creasing the rate of flow through the cell, the amount
of sodium chlorate being electrolyzed to sodium per
chlorate could be controlled. Table I tabulates the results
of the experiments and the measured platinum iridium

A. on FIG. 2 was drawn from data obtained at a tem

perature of 24-2 degrees centigrade, line B was obtained
from data taken at 44–2 degrees centigrade and line
C was taken from data taken at 60-2 degrees centi
grade. The graph illustrates that independent of tem
perature, as the ratio of the sodium chlorate final con
centration over the sodium chlorate initial concentration
approaches one, the platinum loss approaches zero. There

chlorate so as to maintain the arithmetic ratio at 0.7,

concentration of 660 grams per liter of sodium chlorate

35

centigrade.
The following examples illustrate certain preferred em

bodiments of the present invention. Unless otherwise in
dicated, all parts and percentages used herein are by
weight and all temperatures in the examples and claims
are in degrees centigrade unless otherwise indicated.
Example i.
FIG. 2 illustrates graphically the relation between
platinum weight loss in grams per ton of sodium per
chlorate produced and of the ratio of the final chlorate
concentration over the initial chlorate concentration at a
designated temperature. The graph substantiates the
known fact that operating temperature directly effects
the anode weight loss but that the weight loss is also

6

preferred. However, lower operating temperatures in
crease the voltage such that the anode saving is achieved
at decreased power efficiencies which normally do not
justify the saving. Therefore, it is most preferable to
operate in a temperature range of 40 to 80 degrees centi
grade. The present incremental electrolysis is most effec
tive in reducing anode loss in this preferred temperature
range. Thus, at a temperature of 44-4-2 degrees centi
grade, and incrementally electrolyzing the sodium per

cells and is regulated in accordance with the current
density and the cell efficiency so as to effect the total
desired electrolysis in a single pass through the cell

75

of NaClO3 final/NaClO3 initial approaches zero, the
grams of platinum loss per ton of sodium perchlorate
produced also decreases.
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Examples 6 through 18

8
of alkali metal chlorate to an electrolytic cell, applying

a decomposition voltage across the cell, effecting an in
cremental electrolysis of alkali metal chlorate to alkali

Additional experiments were conducted to show the
relationship between the volume of electrolyte passed
through a cell and the increment of electrolysis effected
within the cell. A laboratory cell was designed to study

metal perchlorate in the cell, passing the incrementally
cells in series, effecting additional incremental electrol
yses therein, said individual incremental electrolyses are
in an amount wherein the arithmetic ratio of chlorate
final over chlorate initial ranges from less than 1.0 to 0.5,
thereby effecting the production of alkali metal perchlo
rate and minimizing anode consumption.
2. A method of effecting the electrolysis of sodium
chlorate to sodium perchlorate comprising continuously
feeding an aqueous solution of sodium chlorate to a series
of electrolytic cells, applying a decomposition voltage
across the cells, effecting an incremental electrolysis of
electrolyzed alkali metal chlorate solution to additional

the rate of platinum consumption during the electrolysis

of sodium chlorate to sodium perchlorate. Electrodes
were fabricated from one inch by one inch by 0.003
inch coupons of 90 percent platinum, 10 percent iridium.
Electrical wire connections were welded to the coupons
using 22 gauge platinum-iridium wire of identical alloy
as the coupon.
Three electrodes were placed face to face in each cell.
The electrodes were positioned one inch apart and
emerged into the electrolyte so as to have an effective

O

anode surface to two square inches and a corresponding

sodium chlorate to sodium perchlorate in the cells in an

cathode face. The center electrode was connected to a
Source of electrical current in a manner such that it be

came the anode, and the two end electrodes served as

the cathode.

amount wherein the arithmetic ratio of chlorate final

over chlorate initial in each cell ranges from less than 1.0
to 0.5, progressively passing the incrementally electro
lyzed sodium chlorate solution through the series of cells,
effecting an incremental electrolysis in each cell and pro
ducing sodium perchlorate in an amount equal to the sum
of the increments thereby minimizing anode consumption.

20

Solutions of sodium chlorate were electrolyzed batch
wise and observations were made at temperatures rang
ing from 22 degrees centigrade to 62 degrees centigrade.
Current densities were varied from 1.0 to 1.7 amperes
per square inch of anode surface. The electrolyte solu

3. The method of claim 2 wherein the Sodium chlorate

feed solution comprises 100 to 900 grams sodium chlo
rate per liter of feed solution.

tion volume range from 300 cubic centimeters to 2000

cubic centimeters. Table II lists the data obtained in a

Series of tests run at a temperature of 45 degrees centi
grade. Also noted, is a comparison between the calcu
lated platinum loss and the experimentally observed loss.

4. The method of claim 2 wherein the incremental

electrolysis per cell is a decomposition of sodium chlorate
in an amount of 0.1 to 20 grams per liter.

TABLE II
Solution

Wolume

Example Number:

Density,

NaClO3.
final?
NaClO3

6
1.6
is
6
1.6
.. 6
i.6
1.6
1.6
16
6
1.7
0

0.724
O. 509
0.086
0.36
0.17
0.533
0.068
0.57
0.574
0. 506
0, 607
0.268
0, 624

Current

(cc.)

pH

800
500
500
500
500
500
500
2,000
500
500
500
900
300

6.0
6.0
6.0
6.0
6.0
10.0
10.0
6.0
6. O
0.0
10.4
6.0
6.0

(afin.2)

initial

Patinum-iridium

Anode Loss (Ing.)
ExperiCalcu
mental

lated

O.
0.7
2, 6
2.0
2.2
0.9
2.8
0.8
G.
0.9
0.5
1.7
0.6

0.35
0.73
2.66
2.17
2.33
0.86
2.92
0, 6.
0, 60
0.74
0, 54
1.43
0.5

The above-tabulated results clearly show the relation

5. The method of claim 2 wherein the electrolysis is

between the amount of anode loss and the amount of so

effected in a series of about 20 to 130 incremental electrol

dium chlorate electrolyzed to sodium perchlorate. The

data further shows that the absolute loss of platinum is
independent of the solution volume and therefore lower
further reductions in platinum loss per ton of sodium
perchlorate produced are attainable by increasing the
solution volume. Both experimental values and the values
calculated according to the equation
final chlorate concentration
Log 10 initial
chlorate concentration
k' (platinum weight loss)
are tabulated for 45 degrees centigrade in which k has a

50
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across the cells, effecting an incremental electrolysis of

Sodium chlorate to Sodium perchlorate in each cell prior
to passing the feed solution to the next cell in series.
7. The method of claim 6 wherein the incremental
60

electrolysis in each cell results in a decomposition of 0.1
to 20 grams of sodium chlorate per liter of feed solu
tion.

8. A method of reducing anode consumption in a per
chlorate cell comprising feeding a solution of sodium
chlorate through a series of electrolytic cells at a decom
position voltage and flow rate such that an incremental
electrolysis is effected in each cell in an amount where
the arithmetic ratio of the sodium chlorate concentration
O

leaving a given cell over the sodium chlorate concentra
tion entering the same cell ranges from less than 1.0 to
0.5.

9. The method of claim 8 wherein the number of cells

used in the electrolysis is equal to the total decomposition

What is claimed is:

1. A method of effecting the electrolysis of chlorates

to perchlorates comprising feeding an aqueous solution

6. A method of reducing anode consumption in a per
chlorate cell as in claim 1 comprising feeding a solution

of sodium chlorate progressively through a series of 20
to 130 electrolytic cells, passing a decomposition voltage

constant value of -0.4.
While there have been described various embodiments

of the present invention, the methods and elements de
scribed are not intended to be understood as limiting the
scope of the invention as it is realized that changes there
in are possible. It is intended that each element recited in
any of the following claims is to be understood as re
ferring to all equivalent elements for accomplishing sub
stantially the same results in substantially the same or
equivalent manner. It is intended to cover the invention
broadly in whatever form its principles may be utilized.

ySeS.

of sodium chlorate effected divided by the electrolysis

5

effected in a single cell.

3,475,301
10. A method of reducing anode consumption in per
chlorate production comprising feeding an aqueous solu
tion of 900 to 100 grams per liter of sodium chlorate

O
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