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ABSTRACT OF THE DISCLOSURE

Potassium chloride and water are added to a first aque-
ous nitrate-chloride mother liquor having a

K+/(K++NH,*)

mol ratio of not more than about 0.37 to form a potas-
sium nitrate crystallization medium. The medium is cooled
to precipitate crystalline potassium nitrate and form a
second nitrate-chloride mother liquor. After separation
of the potassium nitrate, ammonium nitrate is added to
the second mother liquor, all added water is evaporated
to form an ammonium chloride crystallization medium,
and ammonium chloride is crystallized at a temperature
higher than the potassium nitrate crystallization. The am-
monium chloride is separated, and the residual mother
liquor is recycled to receive additional potassium chlo-
ride and water. The maintenance of a net balance of com-
ponents permits continuous operation of a cyclic meta-
thesis operation.

BACKGROUND OF THE INVENTION

This invention relates to production of potassium ni-
trate fertilizers that are low in chloride content, and in
particular to a cyclic process for the production of crys-
talline potassium nitrate low in chloride, with by-prod-
uct formation of crystalline ammonium chloride. As is
known, ammonium chloride is also suitable as a fertilizer
for certain crops, for example, rice, which is tolerant to
chloride.

Potassium nitrate has obvious crop producing values
as a fertilizer because of its high analysis, greater plant
response, and almost complete absence of sodium, chlo-
ride or other substances which can be deleterious to crops.
To better identify the agronomic advantages of potassium
nitrate, extensive agronomic tests have been conducted
in the United States, Australia, Korea, Japan, and other
countries on many crops. Moreover, the detrimental ef-
fect of chloride buildup in the soil from long-term use of
potassium chloride is well documented and is a present
danger in such areas.

It is apparent from these facts that potassium nitrate
is a valuable fertilizer; however, heretofore a low-cost
process for producing potassium nitrate has not been avail-
able.

It is well known to conduct a metathesis between two
salts in the presence of water to form the solid stable salt
pair. Thus, one can dissolve equivalent amounts of the
two salts and then alternately separate first one and then
the other of the solid products by crystallization at two
different temperatures at two different solids concentra-
tions. In particular, it is known that one can add an equiv-
alent mixture of solid ammonium nitrate and solid potas-
sium chloride to water and crystallize out potassium ni-
trate at the lower of two temperatures, e.g., 0° C., then
remove some of the water and crystallize out the am-
monium chloride at a higher temperature, e.g., 25° C.,
then add back the water with makeup quantities of the
reactants to continue the cycle indefinitely. Unfortunately,
the phase relationships for the salt pair-water system are
such that this known process must be operated in a very
restricted region to maintain product purity. Consequently,
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the procedure is not sufficiently flexible for the selection
of economic operating conditions.

It is also known to initiate the above-described cyclic
process by starting the first cycle with a nonequivalent
mixture of reactants. This modification has certain ad-
vantages and somewhat increases the range of operating
conditions that can be selected. Another procedure has
been suggested wherein part of the potassium chloride is
added separately from the ammonium nitrate to vary the
operation of the process in the direction of increased flexi-
bility of operation. However, none of the known proce-
dures has been sufficiently flexible to permit design of
an economic process. Further, potassium nitrate is syn-
thesized in this country by a process involving reaction
of potassium chloride with nitric acid, which process is
highly corrosive.

SUMMARY OF THE INVENTION

It has been found that crystalline potassium nitrate
and crystalline ammonium chloride can be produced by
a cyclic process involving the steps:

(a) adding potassium chloride and water to a first aque-
ous nitrate-chloride mother liquor having a

K+/(K++NH,+)

mol ratio of not more than about 0.37, the potassium
chloride and water being added to the first aqueous ni-
trate-chloride mother liguor in amount sufficient to con-
vert the mother liquor into a potassium nitrate crystalliz-
ing medium;

(b) cooling the potassium nitrate crystallizing medium
sufficiently to crystallize potassium nitrate equivalent to
the potassium chloride added in step (a) and provide a
second aqueous nitrate-chloride mother liquor having ap-
proximately the same K+/(K+-4-NH,*+) mol ratio as the
first nitrate-chloride mother liquor and a higher

Cl-/(NO3~+CI-)

mol ratio than the first nitrate-chloride mother liquor;

(c) separating crystalline potassium nitrate from the
second aqueous nitrate-chloride mother liquor;

(d) adding ammonium nitrate to the second aqueous
nitrate-chloride mother liquor in amount equivalent to
the amount of potassium nitrate separated in step (¢);

(e) evaporating water from the mixture of ammonium
nitrate and second aqueous nitrate-chloride mother lig-
uor to produce an ammonium chloride crystallizing me-
dium, the amount of water evaporated being equal to the
amount of water added in step (a);

(f) crystallizing ammonium chloride from the ammo-
nium chloride crystallizing medium at a temperature sub-
stantially higher than the crystallization temperature of
potassium nitrate in step (b), to provide a mother liquor
substantially the same as the first aqueous nitrate-chlo-
ride mother liquor fed to step (a);

(g) separating crystalline ammonium chloride from the
mother liquor; and then

(h) repeating the steps (a)—(g) on the mother liquor
recovered in step (g).

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the instant invention,
reference is made to the accompanying drawings, where-
in:
FIG. 1 is a flow diagram of the process; and FIG. 2
is a schematic Jinecke-type phase diagram of the recipro-
cal-pair, 4-component, water-containing system

Hy0—NHNO3;—KNO;—NH,CI—KCl

in terms of mol percent at two temperatures, 60° C. and
0° C. The Jinecke-type phase diagram permits water to
be eliminated from the diagram by the device of assum-
ing that a shadow is cast from a point of light sitnated at
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the apex of the pyramid. The regions of the diagram rep-
resent solutions saturated with respect to NagNO;, KNO3,
NH,Cl, and KCL The numerals shown at representative
points on the diagram give concentration in terms of
mols of water per 100 mols of dissolved salts. Operating
lines for a process illustrating the instant invention are
superimposed on the phase diagram as dotted lines.

DETAILED DESCRIPTION OF THE INVENTION

This invention involves a two-stage cyclic process for
the production of potassium nitrate and ammonium chlo-
ride by reaction of potassium chloride and ammonium
nitrate. The first stage is a crystallization process where-
in is produced crystalline potassium nitrate in accordance
with the equation:

o)) KCl + NHiNOg —— KNO; + NHiCl
(solid)  (aqueous) (solid) (aqueous)

The second state is a crystallization process wherein
crystalline ammonium chloride is produced in accordance
with the equation:
@ NHNO; + ECl —— NH,Cl + KNO;3

(solid)  (aqucous) (solid) (aqueous)

The aqueous ammonium nitrate fed to stage (1) and the
aqueous potassium chloride fed to stage (2) are contained
in mother liguors recycled from one stage to the other.

The overall process is operable from —16° C. to the
boiling point of the mixture; however, because of phase
relationships in the system

H,0—NHNO;—KNO;—NH,Cl—KCl

the crystallization of potassium nitrate is carried out at a
lower temperature and a lower solids concentration than
the crystallization of ammonium chloride. The closer the
crystallization temperatures are together, other factors be-
ing equal, the less water that must be evaporated during
the processing but the more recycle solution which must
be handled.

The instant process is very flexible in permitting selec-
tion of economic conditions for conducting the metathesis.
For example, if desired, the process can be operated at
temperatures that permit low-cost cooling with river water,
with total elimination of refrigeration equipment. Opti-
mum conditions may be selected based on engineering
studies of cost factors which will vary in accordance with
the location and size of the plant and other factors; how-
ever, the process is so flexible that conditions are readily
varied over a wide range.

Referring to FIG. 1, the instant process involves adding
potassium chloride and water 10 to nitrate-chloride
mother liquor Q in potassium chloride dissolver 11 where-
in the potassium chloride is dissolved. The resulting potas-
sium nitrate crystallizing medium 12 is sent to cooler-crys-
tallizer 13 wherein potassium nitrate is crystallized and
a second nitrate-chloride mother liquor R is formed. The
nitrate-chloride mother liquor R is then passed to potas-
sium nitrate centrifuge 15 wherein the crystalline potas-
sium nitrate 14 is separated from the nitrate-chloride
mother liquor. Residual mother liquor may be washed
from the potassium nitrate crystals in the centrifuge with
water 16.

Ammonium nitrate 17 is mixed with nitrate-chloride
mother liquor R in ammonium nitrate dissolver 18 and
the mixture is sent to evaporator-crystallizer 19 wherein
part of the water 20 is evaporated to form an ammonium
chloride crystallizing medium from which ammonium
chloride is crystallized. The crystalline ammonium chlo-
ride 21 is separated from its nitrate-chloride mother
liquor Q in ammonium chloride centrifuge 22. Residual
mother liquor may be washed from the ammonium chlo-
ride crystals in the centrifuge with water 23. The nitrate-
chloride mother liquor Q is recycled to potassium chloride
dissolver 11. In crystallizing the ammonium chloride, the
evaporation of water from the reaction mixture to form
an ammonium chloride crystallizing medium and the
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4
out simultaneously at reduced pressure; however, it is
possible to carry out the evaporation and crystallization
as separate operations.

The unexpected ability to operate the instant process
over a wide range of temperature conditions is dependent
upon the “split-feed” of reactants, i.e., operation of the
overall metathesis as a two-stage process with feed of
potassium chloride to one stage and feed of ammonium
nitrate to another stage. Other factors are also important
and are discussed with reference to FIG. 2.

The effect of K+/(K++-NH,*+) mol ratio of the nitrate-
chloride mother liquors on solubility is illustrated in FIG.
2 which depicts a phase diagram for the instant system
over the temperature range 0-60° C. A point on the phase
diagram represents the NHg+/K+ and Cl~/NOz~ mol
ratios of the composition in question. FIG. 2 is intended
to be an illustrative representation of the instant sys-
tem, with the location of points and lines therein be-
ing approximate and not intended to provide a quantita-
tive measure of relative concentrations. Solid lines rep-
resent the phase boundaries at the two temperatures, 0°
C. and 60° C. The area enclosed by points DEFC rep-
resents those compositions from which potassium nitrate
will crystallize at 0° C.; the area enclosed by points BEC
represents those compositions from which potassium chlo-
ride will crystallize, the area enclosed by points BFEA
represents those compositions from which ammonium
chloride will crystallize; and the area enclosed by points
AED represents those compositions from which am-
monium nitrate will crystallize. The bracketed numerals
shown at triple points F and E give concentration in terms
of mols of water per 100 mols of dissolved salts. Solu-
tions having the compositions F and E will be in equilib-
rium with three solid phases as indicated in the diagram.
With rising temperature, point E is displaced downward
and to the right to higher K+/NH,* and higher NO3~/
Cl- mol ratios, and equilibrium water concentrations de-
crease. Point F is displaced primarily downward and at
temperatures above 60° somewhat to the left.

As the temperature is increased, the entire phase
boundary system DEFC shifts. Thus, as temperature is
increased from 0° C. to 60° C., the phase boundaries
shift from DEFC to D’E'F’C’, indicating with respect
to the instant invention a relative increase in the -solu-
bility of potassium nitrate with respect to ammonium
chloride. Thus, the potassium nitrate is crystallized in the
instant process at the lower of two temperatures and the
ammonium chloride is crystallized at the higher of two
temperatures. Desirably at least 20° C. is allowed be-
tween the two crystallization temperatures.

FIG. 2 shows the various steps in the crystallization
cycle of the instant process. Inasmuch as this is a cyclic
process, it can be discussed starting at any point in the
cycle; point R is selected as a matter of convenience.
Point R represents the potassium nitrate mother liquor, a
comiposition that is critical to successful operation of the
process. After crystallization of the potassium nitrate,
the composition of the mother liquor represented by point
R should be as close to the phase boundary as practical,
preferably along the phase boundary represented by the
line EF, and more preferably close to point F. Due to
formation of solid solutions in the potassium nitrate
crystallization area, the crystallizing potassium nitrate
will contain some ammonium nitrate, however, much
purer potassium nitrate will crystallize when point R is
closer to F than to E.

Although point R must be within the potassium ni-
trate crystallization area, the NH,*/K* ratio of this
mother liguor should be rather close to the value repre-
sented by the EF boundary. Desirably, the process is
operated so that when the temperature is raised for the
ensuing steps, the NH,*/K+ mol ratio of mother liquor
R will lie to the left of E’F’, as discussed hereinafter. For
normal operation of the process, the K+/(K++NH,4*)
mol ratio of point R is not greater than 0.37, preferably
in the range 0.20-0.37.
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The CI-/NO;—~ mol ratio of the potassium nitrate
mother liquor represented by point R must fall within a
range determined by the overall process. As stated pre-
viously, R is preferably located in the potassium nitrate
crystallization area along the phase boundary represented
by the line EF, and more preferably close to point F.
Thus, the ClI-/NOs;— mol ratio for R will vary greatly
for operations at temperatures from say 0° to 100° C.
Normally, the Cl=/(NO;—+4Cl—) mol ratio of R will be
greater than 0.20, preferably about 0.40-0.80. For ex-
ample, at 0° C., the optimum Cl—/(NO;~-4Cl—) mol
ratio of R is about 0.78.

The potassium nitrate mother liquor R is obtained by
crystallizing potassium nitrate from potassium nitrate
crystallizing medium T, described in detail hereinafter, and
then separating the solid potassium nitrate therefrom.
The amount of potassium nitrate which is crystallized
and separated is that amount which is sufficient to provide
a mother liquor of the desired composition, i.e., suffi-
cient to provide the desired X+/(K+--NHy*+) mol ratio.
A crystallization temperature is selected corresponding to
the desired amount of potassium nitrate crystallization
and the particular water level being employed. Prefer-
ably, the temperature for crystallizing and separating the
potassium nitrate will be in the range of about 0—-60° C.,
more preferably about 0-40° C.

After separation of the solid potassium nitrate, the
composition of the remaining mother liquor R is adjusted
to provide an ammonium chloride crystallizing medium
of composition S. This adjustment is accomplished, in
part, by adding ammonium nitrate to the mother liquor R
in an amount sufficient to replenish the amount of nitrate
ion lost by separation of potassium nitrate. Upon adding
ammonjum nitrate to mother liquor R, a mixture of com-
position S is obtained. Inasmuch as the chloride content
of the system is not altered by separating crystalline po-
tassium nitrate and adding equivalent ammonium nitrate,
the ClI=/NO3~ mol ratios of S and T are egual; i.e., the
Cl—/NO;~ mol ratio at S is restored to the same value as
T. Of course, when excess ammonium nitrate is used to
provide the ammonium nitrate impurity in the product
potassium nitrate, the Cl=/NOy— ratios of S and T will
not be exactly equal.

In addition to adding ammonium nitrate to the mother
liquor R, some water is removed to provide the am-
monium chloride crystallizing medium. That is, water is
removed to permit crystallization of ammonium chloride
at a higher temperature at which the crystallization is
outside the potassium nitrate field. Normally, this adjust-
ment requires removal of a quantity of water equal to that
quantity which was added to the system during the
previous cycle. Upon adjusting the water content of
crystallizing medium S, a suitable temperature can be
employed for crystallizing and separating the ammonium
chloride which will result in the desired amount of
crystallization at that water content. Preferably, water
removal and crystallization are carried out simultaneously
at a selected temperature. Ammonium chloride is nor-
mally crystallized and separated equivalent to the po-
tassium chloride added to the system during the previous
cycle, thereby producing ammonium chloride mother
liquor Q.

The composition of mother liquor Q is then adjusted by
addition of potassium chloride and water to provide po-
tassium nitrate crystallizing medium T. Sufficient potas-
sium chloride is dissolved to change the salt composition
from the composition of Q to the composition of T. As
previously stated, the potassium chloride added is
normally equivalent to the ammonium chloride removed
during the ammonium chloride separation step of the
process. Also, sufficient water is added to permit going to
a lower crystallization temperature while remaining in the
potassium nitrate field. As previously stated, water added
is normally equivalent to the water removed from the
system during the evaporation step of the process.
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It is significant that the point T is on the line RU. U is
the composition of the potassium nitrate precipitate that
is crystallized from the potassium nitrate crystallization
medium when the mother liquor has the composition R.
The composition of U will vary somewhat depending upon
the crystallization temperature and position of point R.
As previously stated, R is preferably near point F.

The potassium nitrate mother liquor R is then ob-
tained by crystallizing potassium nitrate from the potas-
sium nitrate crystallizing medium T by cooling to the
desired temperature, as previously described, and the cyclic
process is repeated.

The following examples are provided to more fully
illustrate the instant invention. They are provided for
illustrative purposes only and are not to be construed as
limiting the scope of the invention, which is defined by
the appended claims.

EXAMPLE I

A nitrate-chloride mother liquor having the following
analysis:

Grams
Ammonium chloride - e 10,650
Ammonium nitrate - __ . ____ 10,900
Potassium nitrate e 19,050
Water e 18,867

and having a K+/(K+4-NH,+) mol ratio of 0.36 and a
Cl-/ (C—-+NO3~) mol ratio of 0.38, was sent to a potassi-
um chloride dissolver operated at 60° C. To this solution
was added 4,685 grams of potassium chloride and 9,433
grams of water, the potassium chloride being dissolved with
adequate mixing. The solution was cooled to 40° C. in a
cooler-crystallizer to crystallize potassium nitrate. The
resulting slurry was centrifuged at 40° C. to separate a
solid containing 6,350 grams of potassium nitrate and
504 grams of ammonium nitrate impurity. The solid was
washed with 300 grams of water and washings were added
to the mother liquor. Purity of the crystalline potassium
pitrate was 93 weight percent. The resulting nitrate-
chloride mother liquor had a K+/K++-NH,+) mol ratio
of 0.365.

The mother liquor from the potassium nitrate centri-
fuge was pumped to an ammonium nitrate dissolver oper-
ated at 60° C., and 5,530 grams of ammonium nitrate
was added and dissolved. The resulting solution was sent
to an evaporator-crystallizer operated at about 60° C.
at about 150 mm. Hg to remove 9,433 grams of water
and crystallize ammonium chloride. The resulting slurry
was cenfrifuged at 60° C. to separate 3,361 grams of
ammonium chloride. The crystalline ammonium chloride
was washed with 180 grams of water and washings were
added to the mother liquor.

The mother liquor separated from the ammonium
chloride centrifuge was substantially identical in composi-
tion with the mother liquor fed to the potassium chloride
dissolver. Thus, the cycle can be continued indefinitely,
in each cycle adding 4,685 grams of potassium chloride
and 9,433 grams of water, removing 6,854 grams of solid
of which 6,350 grams is potassium nitrate, adding 5,530
grams of ammonium nitrate, removing 9,433 grams of
water, and separating 3,361 grams of ammonium chloride.

EXAMPLE IT

This example is based on Example I except that the
process was carried out as a continuous steady-state opera-~
tion. Thus, quantities are in parts by weight per hour
passing through the equipment.

Solid potassium chloride and make-up water are added
and mixed at 60° C. in the potassium chloride dissolver
with mother liquor from the ammonium chloride centri-
fuge. From the potassium chloride dissolver, the solution
is pumped through a solution cooler (not shown on FIG.
1) where it is cooled to about 45° C., then to the cooler-
crystallizer where the solution is cooled further and the
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potassium nitrate crystals are grown at about 40° C. The
resulting slurry is pumped to the potassium nitrate centri-
fuge where the potassium nitrate product is removed and
washed. The solid product is dried and sent to storage.

and in which the NHNO; was added to the KNO; mother
liquor and water evaporated with crystallization of NH,Cl
at 53° C., careful measurements were made on purity of
the two products KNO; and NH,CI as follows:

Composition of— Approximate

composition

Feed to KNOs of mother

KNOz TUnwashed mother liquor-free

crystallizer XKNOs cake liquor KNOs

Eq. percent NHr ... 57.2 28,7 67.3 1
Eq. percent Kro ... 42.8 7L3 32.7 99
Eq. percent Cl- v oacaean 48.0 23.6 56.0 0
Eq. percent NOs~_ e ovemaacaran 52.0 76.4 44.0 100
H;0, mols/100 mols salb. ... 860 oo mecmmemm e mmmamm—m—————————
Composition of— Approximate

composition

Feed to NH;Cl of mother

NH:Cl Unwashed mother liquor-free

crystallizer NH4Cl cake liquor NH:Cl

Eq. percent NIs o oooeeoon 70.4 94.3 65.7 100
Eq. percent Kt_._ 29.6 5.7 34.3 0
Eq. percent Cl—.... 48.2 90.7 40.3 99.5
Eq. pereent NOg o ceoaeean 51.8 9.3 59.7 0.5
H;0, mols/100 mols salb. ... 109 e ccecmmeemaemecmaemaean

Separated mother liquor from the potassium nitrate
centrifuge is pumped through a solution heater (not
shown in FIG. 1) where it is heated to about 60° C.,
then to the ammonium nitrate dissolver, wherein added
ammonium nitrate is dissolved. The resulting solution is

continuously drawn into the evaporator-crystallizer where *

water is evaporated at about 150 mm. Hg and crystals
are grown at 60° C.

From the evaporator-crystallizer, the slurry is pumped
to the ammonium fluoride centrifuge which removes and
washes the ammonium chloride coproduct. The solid
ammonium chloride is dried and sent to storage and the
mother liquor advances to the potassium chloride dis-
solver, i.e., the mother liquor is returned to the start of the
process.

Feed to the potassium chloride dissolver is 14,867
parts of mother liquor from the ammonium chloride
centrifuge, 1,171 parts potassium chloride and 2,358
parts water. About 1,713 parts solid (dry basis) are re-
moved as product from the potassium nitrate centrifuge,
of which 1,587 parts is potassium nitrate (93 weight per-
cent purity). About 1,382 parts ammonium nitrate is
added to the ammonium nitrate dissolver and 2,358 parts
of H,0 is removed from the evaporator-crystallizer. About
840 parts ammonium chloride coproduct (dry basis) is
taken off the ammonium chloride centrifuge.

EXAMPLE IIT

This is the same type operation as in Example II, in
steady state continuous operation, except that the cooler-
crystallizer and potassium nitrate centrifuge acts at 0° C.
instead of 40° C.

About 3,568 parts by weight of mother liquor per
bour from the NH,CI centrifuge (36 equivalents (or mols)
of K+ per 100 equivalents (or mols) of K+ and NH,*,
38 equivalents (or mols) of CI~ per 100 equivalents (or
mols) of Cl—- and NOy— and 200 mols HyO per 100 mols
of salts) is fed to the KCI dissolver together with 937
parts per hour of XCl and 2,661 parts by weight per hour
of water. About 1,330 parts by weight per hour of KNO;
(dry basis) is separated as the main product. About 1,065
parts by weight per hour solid NHNO; are added to the
NH,NO; mixer and 2,661 parts by weight per hour of
H,0 are evaporated in the evaporator. About 672 parts
by weight per hour NH,Cl coproduct (dry basis) is sep-
arated in the centrifuge. Purity of KNO; product was 96

weight percent.
EXAMPLE IV

In an experiment similar to Example 1, with addition
of KCl and H,O to the mother liquor from NH,CI crys-
tallization in which the KNO; was separated at 25° C.
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These data show quite clearly that the NH,CI is very
pure after removal of all mother liquor and the KNO;
has only a very minor contamination with NHyNOs;.

EXAMPLE V

This example is a variation of Example II to get a
purer KNO; product. The example involves further treat-
ment of the KNO; (93% purity) from the potassium ni-
trate centrifuge of Example II and requires additional
equipment, namely a slurry mixer and a second potassium
nitrate centrifuge.

With reference to Example II, the impure potassium
nitrate from the potassium nitrate centrifuge, about 1,713
parts per hour, was sent to a slurry mixer operated at
25° C. where it is mixed with 1,000 parts of water and
117 parts of KCl. The resulting slurry was centrifuged
to separate solid potassium nitrate which was washed
with 180 parts of water. About 1,587 paris (dry basis) of
pure potassium nitrate was recovered. The filtrate and
washings may be added to the potassium chloride dis-
solver of Example II to replace about 10% of the added
KCl and about half of the added water. In addition,
NH,O; added to the NHNO; dissolver should be re-
duced to 1,256 parts per hour, since it is no longer being
removed from the system as an impurity in the KNOs.

EXAMPLE VI

This example shows that a cyclic process can be op-
erated in the reverse direction from that shown in the
previous examples; i.e., the potassium nitrate is crystallized
following ammonium pitrate addition rather than follow-
ing potassium chloride addition. However, results are not
as favorable as in the previous examples in that much
less product is obtained per umit of material that must
be recycled, and the product potassium nitrate has a higher
impurity level.

The same starting solution at 60° C. is nsed as in Ex-
ample 1, ie., 10,650 parts by weight of NH,CI, 10,900
parts by weight of NHNO;, 19,050 parts by weight of
KNO;, and 18,867 parts by weight of water (36 equiva-
lents of K+ per 100 equivalents of K+ and NH,*, 38
equivalents of Cl— per 100 equivalents Cl- and NO3™).
To this solution with adequate mixing are added 1,890
parts by weight (210 parts more than theoretical) of
solid NH,NO; and 3,280 parts by weight of water; the
solution is cooled to 40° C. and the solid separated on a
centrifuge. This solid, 2,331 parts by weight (dry basis),
contains 2,121 parts KNO; and 210 parts NHNO;. It is
the desired KNO; product and is 91% pure (dry weight
basis). To the mother liquor is added 1,564 parts by
weight KCI and the mixture heated to remove the 3,280
parts of water previously added and crystallized at 60°
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C.; the solid is separated and washed on a centrifuge.
This solid, 1,123 parts by weight (dry basis), is the near-
ly pure NH,CI coproduct. The mother liquor is identical
to that first used and the cycle can be continued endlessly.

I claim:

1. A cyclic process for preparing crystalline potassium
nitrate and crystalline ammonium chloride comprising
the steps of:

(a) adding potassium chloride and water to a first
aqueous nitrate-chloride mother liquor having a
K+/(K+-++NH,*) mol ratio of not more than about
0.37, the potassium chloride and water being added
to the first aqueous nitrate-chloride mother liquor in
amount sufficient to convert the mother liquor into
a potassium nitrate crystallizing medium;

(b) cooling the potassium nitrate crystallizing me-
dium sufficiently to crystallize potassium nitrate
equivalent to the potassium chloride added in step
(a) and provide a second aqueous nitrate-chloride
mother liquor having approximately the same
K+/(XK+4-NH,+) mol ratio as the first nitrate-chlo-
ride mother liquor and a higher CL—/(NO;—4Cl~)
mol ratio than the first nitrate-chloride mother
liquor;

(c) separating crystalline potassium nitrate from the
second aqueous nitrate-chloride mother liquor;

(d) adding ammonium nitrate to the second aqueous
nitrate-chloride mother liquor in amount equivalent
to the amount of potassium nitrate separated in
step (¢);

(e) evaporating water from the mixture of ammonium
nitrate and second aqueous nitrate-chloride mother
liquor to produce an ammonium chloride crystalliz-
ing medium, the amount of water evaporated being
equal to the amount of water added in step (a);

(f) crystallizing ammonium chloride from the am-
monium chloride crystallizing medium at a tem-
perature substantially higher than the crystallization
temperature of potassium mnitrate in steb (b), to
provide a mother liquor substantially the same as
the first aqueous nitrate-chloride mother liquor fed
to step (a);

(g) separating crystalline ammonium chloride from the
mother liquor; and then

(h) repeating the steps (a)-(g) on the mother liquor
recovered in step (g).

2. The process according to claim 1 wherein the first
aqueous nitrate-chloride mother liquor of step (a) has a
K+/(K+4-NH,t) mol ratio within the range 0.20-0.37.

3. The process according to claim 2 wherein the sec-
ond aqueous nitrate-chloride mother liquor of step (b)
has a K+/(K+4NH,*) mol ratio within the range 0.20-
0.37 and a Cl—/(NO;3;—+-Cl—) mol ratio within the range
0.40-0.80.

4. The process according to claim 3 wherein the tem-
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perature at which the crystalline potassium nitrate is
crystallized from the potassium nitrate crystallizing me-
dium in step (b) is within the range 0-60° C.

5. The process according to claim 4 wherein the tem-
perature at which the crystalline ammonium chloride is
crystallized from the ammonium chloride crystallizing
medium in step (f) is at least about 20° C. higher than
the crystallization temperature of the potassium nitrate in
step (b).

6. The process according to claim 5 wherein the
Cl-/NO;~ mol ratio of the potassium nitrate crystallizing
medium formed in step (a) is substantially equal to the
Cl~/NO;— mol ratio of the ammonium chloride crystal-
lizing medium of step (e).

7. The process according to claim 6 wherein the tem-
perature at which the crystalline potassium nitrate is
crystallized from the potassium nitrate crystallizing me-
dium in step (b) is about 0° C. and the temperature at
which the crystalline ammonium chloride is crystallized
from the ammonium chloride crystallizing medium in
step (f) is about 60° C.

8. The process according to claim 6 wherein the -tem-
perature at which the crystalline potassium nitrate is
crystallized from the potassium nitrate crystallizing me-
dium in step (b) is about 40° C. and the temperature at
which the crystalline ammonium chloride is crystallized
from the ammonium chloride crystallizing medium in step
(f) is about 60° C.

9. The process according to claim 6 wherein the water
evaporated in step (e) is evaporated at the same tempera-
ture at which the ammonium chloride is crystallized in
step (f).

10. The process according to claim 6 wherein the crys-
talline potassium nitrate separated in step (c) is treated
with aqueous potassium chloride and washed with water
to produce a purer potassium nitrate product.
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