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(57} ABSTRACT

The present invention relates to a continuous process
for the manufacture of potassium chlorate by coupling
with a plant for the production of sodium chlorate by
electrolysis, the said plant comprising a source of NaCl
solution, (1), a loop for purification of the said solution
(2—2', 3), an electrolysis device (4), a storage tank (5),
if appropriate, and a crystallizer (6) in which the crys-
tallization and the separation of NaClOj3 crystals are
preferably carried out, wherein circulating liquid is
removed downstream of the said electrolysis device (4),
a concentrated solution of potassium chloride is added
to said liquid, precipitation (11) of the potassium chio-
rate is caused by any known means, the said potassium
chlorate is separated off and the mother liquor from
crystallization of the said potassium chlorate is recycled
into the said purification loop (2—2', 3) of the sodium
chlorate production plant.

16 Claims, 1 Drawing Sheet
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1 .

CONTINUQOUS PROCESS FOR THE
MANUFACTURE OF POTASSIUM CHLORATE BY
COUPLING WITH A SODIUM CHLORATE
PRODUCTION PLANT

The present invention relates to a continuous process
for the manufacture of potassium chlorate by coupling
with a sodium chlorate production plant.

In industry, potassium chlorate, KClO3, is normally
manufactured by a double decomposition reaction be-
tween sodium chlorate, NaClOj3, and potassium chlo-
ride, KCl:

NaClO;3 4+ KCl-KCIO3-+NaCl Q).

This reaction takes place in aqueous solution and
KClOz s easily separated off because of its poor solubil-
ity in the cold." As far as the starting materials are con-
cerned, sodium chlorate, NaClO3;, is obtained by the
electrolysis of a solution of sodium chloride, NaCl, and
KCl is a natural mining product containing a number of
impurities including sodium chloride.

It has been found that it is possible to carry out the
double decomposition described above by continuously
removing a part of the solution containing the sodium
chlorate from the plant in which it is produced continu-
ously by electrolysis, and then reinjecting the mother
liquor from precipitation of the potassium chlorate, also
continuously, into the electrolysis plant; it is this finding
which constitutes the essential feature of the present
invention. Wherever herein I have referred to the recy-
cling of the mother liquor “into the purification loop”,
the term “into the purification loop” is intended to have
a connotation sufficiently broad to include the return of
said mother liquor to the purification loop, whether
directly or indirectly.

This process obviously results in an increase in the
concentration of K+ ions in the liquor, but this does not
disturb the operation of the NaClOj plant as a whole if
the operating conditions described below are observed.

This step was not obvious since it might have been
thought that, because of the necessary mixing between
the streams of the sodium chlorate and potassium chlo-
rate production circuits, the impurities which were
unavoidably present would have an adverse effect on
the quality of the products obtained (sodium chlorate
on the one hand and potassium chlorate on the other).

It will be recalled that plants for the continuous pro-
duction of sodium chlorate by electrolysis involve the
following steps: _
(a)—Preparation of brine by dissolving NaCl.
(b)—Purification of the NaCl brine and adjustment of

the electrolyte.

(c)—Electrolysis and reactions for converting NaCl to

NaClOj; via NaClO.

(d)—Intermediate storage to allow ageing, which is the
end of the reaction converting ClO— to ClO3— ions.
(e)—Crystallization of the NaClOs.

Of course, it is only solutions which pass from one
step to the next and the mother liquor from crystalliza-
tion is returned to the purification step (b).

It may also be noted that:
the preparation of the brine (a) by dissolving NaCl can

be carried out either in the plant or outside the actual

plant itself; in the latter case, the plant is fed with a

brine obtained in an appropriate manner.
the intermediate storage (d) is not an essential step; the

plant need only have appropriate means for prevent-
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2

ing the hypochlorite produced during electrolysis

from causing problems in the downstream plants.
the NaClOj3 crystallization step (e) may not exist in

certain plants, but the invention will preferably be
applied—for reasons explained below—to the case of
plants which do include the said NaClQj3 crystalliza-
tion step.

The said crystallization step is dispensed with in cases
where the NaClOj solution can be used directly.

In the process according to the invention, liquid cir-
culating in the sodium chlorate production plant (a part
of said liquid) is removed continuously, after the elec-
trolysis step and a sufficient conversion of chloride to
chlorate in the said plant, a concentrated solution of
potassium chloride is added to said liquid, the potassium
chlorate is precipitated and isolated and the mother
liquor from crystallization of the potassium chlorate is
then recycled during or before the purification step (b)
in the sodium chlorate production plant.

The expression “concentrated solution” of potassium
chloride is understood as meaning a saturated solution
or a solution close to saturation.

It may be noted that the removal of circulating liquid
after step (d) can be carried out either at the intermedi-
ate storage stage, or after this storage, or even after the
crystallization step (e).

It is in fact apparent that:
after step (d), the composition of the circulating liquid is

generally 100-120 g/1 of NaCl and 530 to 600 g/1 of

NaClO3 in industrial plants;
after the NaClOj crystallization step, the composition is

generally 120-150 g/1 of NaCl and 450-560 g/1 of.

NaClOa. .

It has been shown that these two compositions con-
tain sufficient amounts of ClO3; — ions to achieve double
decomposition in the presence of a sufficient amount of
KCl, i.e. to achieve precipitation and afford the possibil-
ity of recovering the potassium chlorate under accept-
able industrial conditions.

The amounts of potassium chloride to be used are
such that, on the one hand, the flow rate of the solution
containing (in particular) chlorate ions coming from the
sodium chlorate synthesis plant and, on the other hand,
the flow rate of the concentrated solution of potassium
chioride are in a ratio of 1 to 3 and more particularly of
1.2 to 2.5.

To do this, it is necessary only to bring the flow rate
of chlorate solution under the control of the flow rate of
KCl brine, according to a given flow ratio R, in order to
define the operating conditions of the electrolysis, Na-
ClOj crystallization and KCI1Oj crystallization plants as
a whole:

R= flow rate of chlorate liquor
- flow rate of KCI brine

This flow ratio R is chosen from a range of 1 <R < 3.
It should preferably be 1.2<R<1.9 in the case of an
electrolyte having the following concentrations:

NaCl between 100 and 120 g/1, for example equal to 110

g/,

NaClOj; between 530 and 600 g/1, for example equal to

560 g/1,
and a (concentrated) KCl brine having a concentration
of, for example, 340 g/1; it should preferably be 1.3<-
R <2.5 in the case of mother liquor from NaClO; crys-
tallization having the following concentrations:
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NaCl between 120 and 150 g/1, for example equal to 140

g/1,

NaClOj; between 450 and 560 g/1, for example equal to

520 g/1,
and a (concentrated) KCl brine having a concentration
of, for example, 340 g/1.

To cause precipitation of the potassium chiorate from
the solution, any known process can be used, such as
concentration of the solution by evaporation under
vacuum, or cooling with the aid of a brine or a refriger-
ating medium, or a combination of both these processes.

Finally, it may be pointed out that the flexibility of
the process can be increased by making provision for a
storage tank on the path for recycling of the mother
liquor resulting from the crystallization and isolation of
the potassium chlorate.

It has furthermore been found that this process for
the manufacture of potassium chlorate by double de-
composition, coupled with a plant for the production of
sodium chlorate by electrolysis, produces the two chlo-
rates with a good quality if two conditions are ob-
served.

The first condition is to prevent accumulation of the
impurities introduced with the potassium chloride.
These introduced impurities are not normally sufficient
to contaminate the precipitated potassium chlorate with
the very pure chlorate solution coming from the elec-
trolyte, but their accumulation should be avoided and it
1s for this reason that the mother liquor from crystalliza-
tion of the potassium chlorate is recycled upstream of
the sodium chloride purification step (b).

The second condition is to prevent the concentration

of K+ ions from reaching a value at which the potas-
sium chlorate would precipitate with the sodium chlo-
rate.
In fact, the content of K+ ions in the sodium chlorate
loop depends mainly on the production ratio of the two
chlorates, P(KClQ3)/P(NaClO3), since the flow rate of
the mother liquor from the potassium chlorate is a di-
rect function thereof, whereas the concentration of
potassium in the same mother liquor does not vary
greatly.

This apparently simple relationship cannot be illus-
trated with precise numerical values because the con-
tent of K+ ions also depends on the crystallization
temperatures of each of the two chlorates, which in turn
depend on arbitrary choices.

This process for the manufacture of potassium chlo-
rate by double decomposition and coupling with a plant
for the continuous production of sodium chlorate by
electrolysis has several advantages:

(1) The mother liquor from crystallization of the
KCIO; is recovered. They still contains chlorate and
potassium, which are expensive products, their recov-
ery representing a good economic operation. More-
over, pollution caused by disposal of the mother liquor,
which often happened in the past, is avoided.

(2) Recovery of the mother liquor permits at the same
time the direct reutilization, without crystallization, of
all the sodium chloride produced by the reaction as well
as that introduced with the potassium chloride, which is
an ordinary impurity in the latter salt and is not there-
fore a disadvantage in this process.

(3) This makes it possible to use KCl ores with a
relatively high NaCl content.

It suffices to remove the insoluble substances during
the preparation of the brine, and if the soluble impurities
are not at a level which is capable of contaminating the

10

15

20

25

30

35

40

45

50

55

60

65

4
freshly precipitated KClO3, they will be removed by
the purification infrastructure provided for the NaCl
brine entering the NaClO; production loop.

(4) In the same way that the NaCl contained in KCl
is utilized, the KCl contained in NaCl is also recovered
and utilized.

In the past, in a plant producing NaClOj3 only, the
concentration of K+ settled at a value such that all the
potassium entering with NaCl came out with NaClOs.

In the novel process, this potassium can be consid-
ered as a secondary source complementing the main
source.

(5) The manufacture of KClO3 becomes a continuous
process, whereas the former techniques were often far
from continuous. Here, matters are facilitated by the
continuous withdrawal of chlorate electrolyte.

(6) The operations for the manufacture of potassium
chlorate become extremely simple.

For the required hourly capacity X kg/h, the opera-
tor chooses a flow rate of potassium brine which is
directly propotional to the amount X of KClO; to be
manufactured; direct choice of the flow rate of KCl
brine of constant and regulated concentration gives
stoichiometric control over the supply of K+ ions
which is necessary for the required production.

(7) The process affords energy savings.

In particular, it is no longer necessary to precrystal-
lize the NaClO3; used for the double decomposition
reaction in order to achieve a high purity.

Furthermore, the electrolyte can be removed at the
point where its temperature is the most suitable.

In the former processes, an NaCl hot crystallization
plant recovered the by-product of double decomposi-
tion. This crystallization plant, operating at tempera-
tures above 80° C. (preferably above 90° C.), was a
substantial consumer of energy in the form of steam and
the plant was expensive due to the use of corrosion-
resistant materials suitable for very hot brines.

The non-limiting Example which follows will serve
to illustrate the invention; this Example refers to one of
the installation diagrams shown in the single FIGURE.

The sodium chlorate preparation loop comprises:

at 1, an apparatus in which a saturated solution of
sodium chloride is prepared;

at 2—2’ and 3, a system in which the solution coming
from 1 is purified by chemical treatment; this removes
in particular the calcium ions, the magnesium ions and
the sulfate ions; the loop is completed, if necessary, by
an ionic treatment;

at 4, an electrolysis device which essentially converts
Cl— ions to ClO3— ions; this device advantageously
consists of one or more groups comprising electrolysis
cells connected to a reactor, the said groups being as-
sembled in series or in parallel from the point of view of
the flow of the liquids;

at 5, a storage tank;

at 6, a crystallizer in which crystallization of the
NaClO; is caused by known means; the following are
extracted from this crystallizer: at 7, the solid crystalline
NaClO3; at 8, mother liquor, which is recycled into the
purification system 2—2'-3 after passage through a stor-
age tank 21; and at 9, water, which is sucked up by the
pump 20, condensed at 10 and recycled into the satura-
tion apparatus 1 (this water comes from evaporation
under vacuum of the solution treated at 6).

According to the invention, the KClO3; production
loop is connected to this loop; the said KCIO3 produc-
tion loop comprises:
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a point of removal of solution circulating in the so-
dium chlorate loop, it being possible for this removal
point to be either at A, between the tank 5 and the
crystallizer 6, or at B, on the line 8 for the mother liquor
leaving the crystallizer; in the FIGURE, the removal
point is shown at A,

a tank 11 for mixing/crystallization of the KClOj3;
this tank is fed on the one hand, via the line 12, with the
solution removed at A or B, and on the other hand with
a concentrated solution of KCl prepared in the tank 13;
the following are extracted from the said tank 11: on the
one hand, via the line 14, water, which is sucked up by
the pump 20, condensed at 10 and recycled into 13
{when crystallization of the KClOs in the tank 11 is
caused by concentration of the solution under vacuum),
and on the other hand, via the line 15, a suspension of
KCIlOj crystals, which is sent to a separator 16;

a separator 16, indirectly cooled by a liquid if appro-
priate, in which crystallization of the KClO; is com-
pleted and in which the KCIlO; is separated off (by
filtration, centrifugation, etc.); the following are ex-
tracted from the filter 16: at 18, the crystalline KClO3,
and at 17, mother liquor from crystallization, which is
sent to the purification system 2—2’-3, if appropriate
after passage through a storage tank 19. ’

It may be noted that the mixing-crystallization-filtra-
tion operations can be carried out in a single apparatus.
Crystallization-separation of the KClIOs is carried out at
a temperature of between —10° C. and +15° C. and
preferably of between 0° C. and 5° C.; under these con-
ditions, the bulk of the KCIO3 which is capable of form-
ing, taking into account the ions present, is crystallized
and the solution recycled into 2—2'-3 is poor in ClO3;—
and K+ ions.

What is claimed is:

1. A continuous process for the manufacture of potas-
sium chlorate by coupling with a plant for the produc-
tion of sodium chlorate by electrolysis, the said plant
successively comprising, from upstream to down-
stream, a source of NaCl solution, a loop for purifica-
tion of the said solution, an electrolysis device, and a
crystallizer in which the crystallization and the separa-
tion of NaClOj3 crystals are preferably carried out,
wherein the process is characterized by removing a
portion of the circulating liquid downstream of the said
electrolysis device, adding a concentrated solution of
potassium chloride to said removed liquid at a flow rate
‘between equal and one third of the flow rate of the
circulating liquid to form potassium chlorate there-
within, precipitating the potassium chlorate within the
removed liquid, separating the said potassium chlorate
off while the separation of the sodium chlorate crystals
is being accomplished, and recycling the mother liquor
from crystallization of the said potassium chlorate to the
said purification loop of the sodium chlorate production
plant.

2. The process according to claim 1 wherein the said
removal effected downstream of the electrolysis device
corresponds to a liquid containing from 100 to 120 g/1
of NaCl and from 530 to 600 g/1 of NaClO3, and
wherein the ratio R of the flow rate of the said liquid to
the flow rate of the concentrated potassium chloride
brine is chosen between 1.2 and 1.9.

3. The process according to claim 1 wherein the said
removal is effected downstream of a crystallizer present
in the said plant and corresponds to a liquid containing
120-150 g/1 of NaCl and from 450 to 560 g/1 of NaClO3,
and wherein the ratio R of the flow rate of the said
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liquid to the flow rate of the concentrated potassium
chloride brine is chosen between 1.3 and 2.5.

4. The process according to claim 1 wherein the
precipitation and separation of the potassium chiorate
are carried out at a temperature of between —10° C.
and +15° C. and preferably of between 0° and 5° C.

S. The process defined in claim 1 wherein the mother
liquor from crystallization of the potassium chlorate is
introduced into the circulating liquid of the plant up-
stream of the purification loop of the sodium chlorate
production plant.

6. A continuous process for the manufacture of potas-
sium chlorate by coupling with a plant designed for the
production by electrolysis of sodium chlorate by having
successively, in fluid conveying relation from upstream
to downstream, a source of sodium chloride solution, a
loop for purifying the sodium chloride solution, an
electrolysis device, a crystallizer in which the crystalli-
zation and separation of sodium chlorate crystals are
carried out, said process comprising removing the so-
dium chlorate crystals from the crystallizer and remov-
ing only a portion of the circulating fluid carrying so-
dium chlorate downstream of said electrolysis device,
adding a concentrated solution of potassium chloride to
that removed circulating fluid in amounts such that the
flow rate of the removed circulating fluid is 1 to 3 times
greater than the flow rate of the added concentrated
solution of potassium chloride to thereby form potas-
sium chlorate crystals within said removed circulating
fluid, crystallizing and removing the potassium chlorate

- crystals from the circulating fluids simultaneously with
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the removal of the sodium chiorate crystals from the
crystallizer, and recycling the mother liquor from the
crystallization of the potassium chlorate by introducing
the mother liquor into the purification loop of the so-
dium chlorate manufacturing plant.

7. The process defined in claim 6 wherein the re-
moval of the circulating fluid is accomplished upstream
of the crystallizer.

8. The process defined in claim 6 wherein the re-
moval of the circulating fluid is accomplished down-
stream of the crystallizer.

9. The process defined in claim 6 wherein the process
is accomplished with the plant having a storage tank
disposed in fluid transmitting relation intermediate its
electrolysis device and its crystaltizer.

10. The process defined in claim 9 wherein the re-
moval of the circulating fluid is accomplished down-
stream of the storage tank of the plant.

11. The process defined in claim 9 wherein the re-
moval of the circulating fluid is accomplished down-
stream of the storage tank and upstream of the crystal-
lizer.

12. The process defined in claim 6 wherein the
mother liquor is introduced into the circulating fluid
carrying sodium chlorate upstream of the purification
loop.

13. The process defined in claim 6 wherein each of
the steps of said process are carried on continuously.

14. The process defined in claim 6 wherein the plant
includes a storage tank interposed between the electrol-
ysis device and the crystallizer.

15. A continuous process for the manufacture of po-
tassium chlorate by coupling with a plant designed for
the production by electrolysis of sodium chlorate by
having successively, in fluid conveying relation from
upstream to downstream, a source of sodium chloride
solution, a loop for purifying the sodium chioride solu-
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tion, an electrolysis device, a crystallizer in which the
crystallization and separation of sodium chlorate crys-
tals are carried out, said process comprising removing
the sodium chlorate crystals from the crystallizer, si-
muitaneously removing only a portion of the circulating
fluid carrying sodium chlorate downstream of said elec-
trolysis device, adding a concentrated solution of potas-
sium chloride to that removed circulating fluid to
thereby form potassium chlorate within said removed
circulating fluid, crystallizing and removing potassium
chlorate crystals from the circulating fluids simulta-
neously with the removal of the sodium chlorate crys-
tals, and recycling the mother liquor from the crystalli-
zation of the potassium chlorate by introducing the
mother liquor into the purification loop of the sodium
chlorate manufacturing plant, the flow rate of the circu-
lating fluid removed downstream of the electrolysis
device being 1 to 3 times greater than the flow rate of
the added concentrated solution of potassium chloride.

16. A continuous process for the simultaneous contin-
uous commercial manufacture of both potassium chlo-
rate and sodium chlorate by having successively, in
fluid conveying relation from upstream to downstream,
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a source of sodium chloride solution, a loop for purify-
ing the sodium chloride solution, an electrolysis device
for producing sodium chlorate within the sodium chlo-
ride solution, a crystallizer in which the crystallization
and separation of sodium chlorate crystals are carried
out, said process comprising removing only a portion of
the circulating fluid carrying sodium chlorate down-
stream of said electrolysis device, adding a concen-
trated solution of potassium chloride to that removed
circulating fluid to thereby form potassium chlorate
within said removed circulating fluids, crystallizing and
removing potassium chlorate crystals from the removed
circulating fluids while simultaneously removing so-
dium chlorate crystals from said crystallizer, and recy-
cling the mother liquor from the crystallization of the
potassium chlorate by introducing the mother liquor
into the purification loop provided for purifying the
sodium chloride solution while maintaining the flow
rate of the circulatory fluid removed downstream of the
electrolysis device at 1 to 3 times greater than the flow
rate of the added concentrated solution of potassium

chloride.
*® * * * ]
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