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ABSTRACT OF THE DISCLOSURE

Molybdic acid functions synergistically with sodium di-
chromate in chlorate cells to increase the hydrogen ef-
ficiency at a steel cathode, Hence, the concentration of
soluble hexavalent chromium in the chlorate cell liquor
may be decreased to prevent the development of colored
impurities in the crystallized chlorate product, without
loss of efficiency.

BACKGROUND OF THE INVENTION

The electrolytic production of chlorates has been ef-
fected in cells provided with steel cathodes. To avoid cor-
rosion of the steel cathode and to improve the overall
chlorate efficiency of the cell, hexavalent chromium has
been conventionally added to the cell liquor. The hexa-
valent chromium is usually added to the cell liquor in the
form of sodium dichromate in at least an amount of two
grams per liter of solution.

Hexavalent chromium may be introduced into a chlo-
rate cell liguor in any suitable form. For example, solu-
ble hexavalent chromium may be supplied as Na,CrO,
(alkali metal chromate), NayCryOy (alkali metal dichro-
mate) or CrOjz (chromic acid). Throughout this specifi-
cation, when reference is made to NayCryO4 (alkali metal
dichromate) it is to be understood that any source of solu-
ble hexavalent chromium may be substituted with equiv-
alent results.

The chlorate containing cell liquors are conventionally
concentrated before introduction into a crystallizer or
during the processing within the crystallizer. Due to the
evaporation of the solution containing chlorate, the con-
centration of sodium dichromate increases to from about
5-6 grams per liter of solution based upon an initial con-
centration of 2 grams per liter. This represents about a
2-3 fold increase based on hexavalent chromium.

The sodium chlorate crystals recovered from the crys-
tallizer have a yellow color, imparted from the high di-
chromate concentration in the solution from which chlo-
rate is ultimately crystallized. This yellow color is ob-
jectionable because the chlorate must be further treated
to remove the color. Miiller, in U.S. 2,756,201, issued
July 24, 1956, found that dull chromium plated iron cath-
odes in place of iron cathodes would avoid the necessity
for using sodium dichomate to prevent excessive reduc-
tion at the cathode.

However, the problem remains that to be able to use
a steel cathode in a chlorate cell while maintaining nearly
100 percent hydrogen efficiency at the cathode, some ad-
ditive such as sidium dichromate is required. The percent
cathode efficiency, as it is used throughout this specifica-
tion, is based upon the rate of hydrogen evolution at the
cathode with a constant current in the cell.

Attempts to avoid the use of dichromate have been
largely unsuccessful or impractical. For example, the use
of colorless additives which will perform the function of
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dichromate, or techniques for reducing the quantity of
dichromate in the chlorate cell have been attempted.

It was believed that the dichromate level in chlorate
cells could not be significantly decreased unless the chro-
mium content in the steel cathode was increased. Further-
more, the use of colorless complex anions such as bo-
rate, tungstate and molybdate do not give good cathode
efficiencies in chlorate cells containing a steel cathode.

It is an object of this invention to produce chlorates, in
a chlorate cell employing a steel cathode, which are rel-
atively free from characteristic color imparted by hexa-
valent chromium compounds.

Also, it is an object of this invention to produce a
chlorate product relatively free from colored impurities
while maintaining a near 100 percent cathode efficiency.

BRIEF SUMMARY OF THE INVENTION

We have discovered that the addition of trace amounts
(0.05-0.20 gram per liter) of sodium dichromate to chlo-
rate cell liquors containing as low as 0.10 gram per liter
of 85 percent molybdic acid results in steel cathode ef-
ficiencies of nearly 100 percent. The upper limit of mo-
lybdic acid is defined by its solubility. However, for prac-
tical purposes the upper limit of the molybdic acid con-
centration is about 2 grams per liter. Molybdic acid, mo-
lybdenum ftrioxide or an alkali metal molybdate are ex-
amples of sources of molybdenum that may be used to
introduce hexavalent molybdenum into the chlorate cell
liquors. Any source of soluble hexavalent molybdenum
is applicable to the process disclosed herein although for
the purposes of exemplifying the invention, reference is
made to molybdic acid (MoO3—85 percent). The action
of molybdic acid in combination with sodium dichro-
mate is an example of true synergism. The reduced quan-
tities of sodium dichromate present results in a product
relatively devoid of the undesirable color characterizing
a chlorate product from electrolysis in the presence of
about 2 grams per liter sodium dichromate.

DETAILED DESSCRIPTION OF THE INVENTION

Mixtures of sodium dichromate and molybdic acid act
synergistically to increase the cathode efficiency at steel
cathodes in chlorate cells, at concentrations where neither
additive alone is effective.

For the purpose of illustrating our invention in the fol-
lowing examples, the typical, catholyte solution from a
diaphragm chlorate cell of the type described in copend-
ing application 510,592, now U.S. Pat. No. 3,464,901,
and 510,617 filed by Morris P. Grotheer and Edward
H. Cook, Jr., on Nov. 30, 1965, and by Morris P. Groth-
eer, John E. Currey and Edward H. Cook, Jr. on Nov.
30, 1963, respectively, It is to be understood that although
for the purpose of illustration, a diaphragm cell liquor
was used, this invention is applicable to any chlorate cell
using a steel cathode.

All the experiments presented in the following examples
were conducted at 80 degrees centigrade.

Example 1

A typical catholyte solution containing 500 grams per
liter NaClO;, 120 grams per liter NaCl, 40 grams per
liter NaOH was electrolyzed with a mild steel, 6 x 6
mesh cathode. With the addition of no additive, the cath-
ode efficiency was calculated from the rate of hydrogen
evolution at a constant current., The percent cathode ef-
ficiency in the absence of any additive was zero.

Exaniples 2-11

The following table presents a compilation of the cath-
ode efficiencies obtained from different additives. The
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sodium dichromate was added to the catholyte described
in Example 1 as NayCr,O7-2H,0 and molybdic acid was
added as 85 percent MoO;. These experiments were run
in the listed order,

TABLE 1

Additive Percent cathode efficiency
(2) 2 grams per liter H3BOy . ______ 0
(3) 2 grams per liter NagWO4-2H,O . ______ 72
(4) 2 grams per liter (85% ) MoOg e 82
(5) 5 grams per liter (85% ) MoOy o ____ 92
(6) 10 grams per liter (85%) MoOjz . ____ 90

(7) 2 grams per liter (85% ) MoO; plus 0.15 gram
per liter NayCroOq oo 98

(8) 1 gram per liter (85% ) MoO; plus 0.10 gram
per liter NayCroOq oo 98

(9) 0.5 gram per liter (85%) MoO; plus 0.10
gram per liter NayCroOq oo ____ 99
(10) 0.1 gram per liter NagCroOy e 98
(11) Nonme 0

Between each of the preceding examples, the cathode
was etched in dilute HCI to insure removal of FeyO3 prior
to exposure in the electrolysis solution.

Experiment 10 presents a higher cathode efficiency
than has ever been observed at that concentration of
NayCrO7. It is assumed, although we do not intend to
be bound by the theory, that exposure to the solutions
of Examples 4-9 resulted in the deposition of some
molybdenum on the surface of the steel cathode that was
not fully removed by the HCI etching treatment. Still,
some sodium dichromate was essential to prevent hypo-
chlorite and chlorate ion reduction at the cathode as is
demonstrated by Example 11.

Examples 12-15

To determine the effects of low Na,CryO4 concentration,
the following experiments were performed. The cathode
was etched prior to exposure to the chlorate cell liquor
described in Example 1 by treatment with both dilute
HNO; and dilute HCI to insure the removal of any de-
posited metal.

TABLE 1I
Additive Percent cathode efficiency
(12) 0.05 gram per liter NagCroOq _ o __ 47
(13) 0.10 gram per liter NagCryOy - __ 88
(14) 0.10 gram per liter NagCroQOq oo 80
(15) 0.20 gram per liter NayCryOq oo ____ 97.5

A comparison of these examples with Examples 4-6

demonstrates that while the increased concentration of ;

sodium dichromate eventually increased the cathode
cfficiency to 98 percent and above, increasing the
molybdic acid concentration as high as 10 grams per liter
never produces cathode efficiencies much above 90 per-
cent.

A comparison of Example 10 in Table I with Examples
13 and 14 demonstrates the unusual cathode efficiency
of Example 10 resulting possibly from the deposition
of molybdenum on the cathode during Examples 4-9
which would not be completely removed by the HCI etch-
ing alone.

The data presented in Examples 13 and 14 demon-
strates that as the cathode efficiency decreases experi-
mental error increases. As the cathode efficiency ap-
proaches 100 percent, experimental error diminishes to
the point that repetitive runs vary -1 percent. At the
higher cathode efficiencies the surface of the cathodes does
not contain ferric oxide impurities whereas at lower cath-
ode efficiencies the steel cathode surface contains an
amount of ferric oxide which varies considerably from
experiment to experiment.

Examples 16-21

To the diaphragm cell liquors containing sodium di-
chromate concentrations as presented in Examples 12, 13
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and 14, MoOj (85%) was added. By comparison with
the results tabulated as experiments 12, 13 and 14, the
synergistic effect of molybdic acid and sodium dichro-
mate is evident. Examples 16-18 reflect the addition of
increasing amounts of MoO; (85%) to the sodium of
Example 12 during operation of the cell. Examples
19 and 20 reflect the addition of MoO; (85%) to the
solutions of Examples 13 and 14, respectively, during
cell operation.

TABLE III
Additive Percent cathode efficiency

(16) 0.05 gram per liter NayCryO7 plus 0.2 gram
per liter MoO; (85%)
(17) 0.05 gram per liter Na,CryOq plus 0.4 gram

per liter MoO3 (85% ) —ccomcome o~ 96
(18) 0.05 gram per liter NayCryOy plus 0.6 gram

per liter MoO3(85% ) —ooeomme 97.5
(19) 0.10 gram per liter NayCr,O; plus 0.10

gram per liter MoO3 (85% ) - ccmeoe 98
(20) 0.10 gram per liter Nay,Cry,O; plus 0.10

gram per liter MoOg (85%) oo 84
(21) 0.10 gram per liter Na,CryO; plus 0.4 gram

per liter MoOg (85% ) cccecome o __ 94

In comparing Examples 19 and 20 with Examples 13
and 14, it will be noted that by adding molybdic acid at
the same concentration the relative improvement from a
good cathode efficiency (Example 13) is greater thap
the improvement over a poorer cathode efficiency (Ex-
ample 14).

Examples 22-24

The addition of increasing amounts of sodium dichro-
mate to a diaphragm chlorate cell liquor as described in
Example 1 which already contained 0.10 gram per liter
MoO; (85% ) produced the following results,

TABLE 1V

Additive Percent cathode cfficiency
(22) 0.10 gram per liter MoO; (85%)
(23) 0.10 gram per liter MoOg (85%) plus 0.05

gram per lited NayCryOy
(24) 0.10 gram per liter MoO; (85%) plus 0.15
gram per liter NayCry,O4

From the data tabulated in Tables III and IV it may
be seen that the addition of molybdic acid to a chlorate
cell liquor already containing sodium dichromate was
more effective than the reverse order of addition.

Examples 25-31

These experiments were conducted by introducing both
MoO; (85%) and NayCryO into the chlorate cell liquor
prior to starting the electrolysis to determine the mini-
mum amounts of additive needed. Dilute HNO; and di-
Iute HCI were used to etch the steel cathode between each
run,

TABLE V

Additive Percent cathode efficiency
(25) 0.2 gram per liter NayCr,07 plus 0.2 gram

per liter MoO3z (85% ) __ . ____ 100
(26) 0.15 gram per liter NayCryOy plus 0.15 gram

per liter MoO3 (85% ) o ____ 98
The steel cathode used in Example 26 was then

removed from the solution, air dried for 20

minutes, and returned to the solution __._____ 100
The steel cathode used in Example 26 was then air

dried over the weekend, placed back in solu-

tlon 97

The following experiments were conducted without
etching the steel cathode between runs with dilute HNO;
and dilute HCI. Etching was omitted, to simulate the loss
of additive as it would occur during continuous operation
of an electrolytic cell.
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TABLE VI

Additive Percent cathode efficiency

(27) 0.2 gram per liter NayCryOy plus 0.2 gram per
liter MoO3 (85% ) — oo
(28) 0.1 gram per liter NayCryOy plus 0.1 gram per
liter MoO3 (85% ) -
(29) 0.05 gram per liter Na,Cr,0y plus 0.05 gram
per liter MoO3 (85% ) oo
(30) 0.02 gram per liter NayCryO plus 0.02 gram
per liter MoO; (85%)
(31) No additive

Examples 25-31 show the minimum concentrations of
sodium dichromate and sodium molybdate needed to ob-
tain good cathode efficiencies. In general, cathode efficien-
cies improved with time. Whenever an initial cathode
efficiency of 95 percent or above was observed, within a
few hours the performance rose to 100 percent efficiency.

Example 31 provides additional evidence that the steel
surface of the cathode has become coated either with
molybdenum, a molybdenum-chromium mixture or a
molybdate-chromate mixture.

These experiments demonstrate the synergistic action
of sodium dichromate and molybdic acid in increasing
the efficiency of a steel cathode in a diaphragm chlorate
cell. In the absence of molybdic acid and acid etching,
about 2 grams per liter sodium dichromate is required to
insure good cathode efficiencies. ‘With acid cleaning of
the steel cathode, the dichromate concentration may be
decreased to about 0.2 gram per liter although higher
concentrations are needed to insure sustained cathode
efficiencies. Combinations of molybdic acid and sodium
dichromate are effective with initial concentrations rang-
ing between 0.15-0.20 gram per liter of each component.

Molybdic acid alone is not sufficient to produce an ac-
ceptable cathode efficiency at the concentrations studied.
However, once the steel cathode has been conditioned by
exposure as a cathode in a solution containing both
molybdic acid and sodium dichromate, lower concentra-
tions of these additives can be used. This phenomenon is
believed to result from the deposition of molybdenum,
molybdenum-chromium or molybdate-chromate mixtures
on the cathode. However, no conclusive evidence of
such deposits has been obtained to support this theory.

Having disclosed our invention, it is apparent to those
skilled in the art that modifications may be made which
do not depart from the spirit of our contribution. The
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specific examples presented in this disclosure are illus-
trative of the invention and are not intended to be limi-
tations upon the true scope of the invention. For example,
in addition to the molybdic acid additive specifically dis-
closed herein, other adjuvants such as tungstates, vana-
dates and manganates may be employed.

What is claimed is:

1. A process for the production of an alkali metal
chlorate essentially free from colored impurities which
comprises electrolyzing an alkali metal chloride in an
electrolytic cell equipped with a steel cathode in the
presence of an amount of hexavalent molybdenum suffi-
cient to reduce the amount of hexavalent chromium ad-
ditive necessary to maintain hydrogen efficiencies at the
cathode near 100 percent.

2. The process of claim 1 in which hexavalent molyb-
denum was introduced into the chlorate cell liquors as
85 percent molybdic acid.

3. The process of claim 2 in which the hexavalent
chromium was introduced as sodium dichromate in an
amount less than 0.20 gram per liter of solution.

4. The process of claim 3 in which the ratio of 85%
molybdic acid to sodium dichromate is between 1:12
and 12:1.

5. The process of claim 3 in which the molybdic acid
and sodium dichromate are present in the chlorate cell
liquors in equal amounts.

6. A process for maintaining a near 100 percent hydro-
gen efficiency at a steel cathode of a chlorate electro-
Iytic cell which comprises performing the electrolysis
in the presence of hexavalent molybdenum in conjunction
with a source of soluble hexavalent chromium, said hexa-
valent chromium being present in an amount less than
two grams per liter of solution.
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