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Abstract: Results of studies of the process of conversion of the flotation potassium chloride of the
Tyubegatan deposit with solutions of sodium dihydrogen phosphate obtained on the basis of purified
extraction phosphoric acid from phosphorites of the Central Kyzylkum to potassium dihydrogen phosphate
are presented. The effect of the ratio of the components, S:L on the formation of potassium dihydrogen
phosphate at temperatures of 25°C and 100°C was studied. Optimal technological parameters for isolation
of potassium dihydrogen phosphate were determined. Rheological properties of solutions formed in the
process of obtaining potassium dihydrogen phosphate were identified. The obtained results were confirmed
by X-ray phase and IR-spectroscopic methods of analysis. Elemental composition of potassium dihydrogen
phosphate was established by electron microscopy.
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1. Introduction

Climate changes and shortages of mineral
fertilizer supplies for the future of agriculture
are raising fears of global food crisis. There is a
need for proactive innovations in fertilizer
research to maintain soil fertility. Using
granules with special properties, particularly
organic-mineral fertilizers with the nanoporous
structure of the shell (coating), is a promising
solution to the possibility of controlled
dissolution in the soil [1]. Worldwide, it is
estimated that over 820 million people are
hungry or undernourished [2]. Furthermore, one
of today’s most serious challenges is effectively
treating hunger, which has a variety of causes
and manifestations, such as growing food
demands, changing diets, and harsh weather
conditions [3]. Moreover, in the not-too-distant
future, the global food system is projected to

encounter growing demand. Food insecurity
exists in many regions of the world, regardless
of the fact that global food resources are now
sufficient to supply the world’s population’s
calorie demands [4-6]. As a result, the output of
various critical products has significantly
increased. To maintain food security, the annual
output of cereals, especially wheat, must be
increased by over one billion tons [7].

Phosphorus (P) is one of the most important
nutrients for all living organisms [8]. The
controlled release fertilizers, such as phosphate
glass fertilizers (GF), constitute the future of the
chemical fertilizers industry [9].

Based on the results of industrial
monitoring of the extraction of phosphoric acid
and mineral fertilizers, the operating range of
concentrations of fluorine ions (0.6-4.0 g/dm?)
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and phosphorus in terms of P,Os (10-15 g/dm?)
in industrial effluents was obtained [10].

The effect of impurities on the thermal
decomposition kinetics of mineral fertilizers
based on  (NH;);HPO4in  self-generated
atmosphere was studied by means of thermo-
gravimetry and differential thermal analysis.
Results are presented of isothermal
measurements made in the temperature range
100-110°C [11].

Alimov et al. studied ammophosphate
treatment technology with poor in phosphorus
highly carbonized ordinary phosphorite flour,

washed dried concentrate, dust-like fraction, and
mineralized phosphorite mass of Central
Kyzylkum. As a result, it became possible to
prepare concentrated phosphorus fertilizers of
prolonged effect with the high content of
assimilable form of P,0s[12].

Results of research into physicochemical
properties of carbamide containing NPK
fertilizers conditioned by magnesium salts are
presented based on the example of the 16-16-16
brand. It showed that the presence of
magnesium salts in granular product reduces
hygroscopicity and caking [13].

2. Experimental part

2.1. Analysis of the NaH,PO4-KH,PO;-
NaCl-KCI-H,O system in relation to the
production of monopotassium phosphate.

To select the optimal conditions for
conversion of monosodium phosphate with
potassium chloride and the preparation of
potassium dihydrogen phosphate, comparative

Nall

studies were carried out on the solubility in the
four-component water-salt system K*, Na*//CI’,
H.PO4 - H,O, obtained at 25 and 100°C. Data
on the solubility diagram of a four-component
system in the form of a trapezoid, and in the
form of a square at temperatures of 25 and 100 °
C are shown in Figures 1-3.

Fig. 1. Solubility diagram of the system K*, Na*//CI", H,PO4 - H,O at 25°C

Four fields of crystallization NaCl, KCl,
NaH,PO, and KH,PO, are distinguished on the
solubility diagram. E; and E; are eutonic points
at temperatures of 25 and 100°C, where the
solution is in equilibrium with three salts. These
points are located outside the composition
triangle, which is in the solid phase of salts, and
are incongruently saturated.

The field of crystallization of KH,PO,
on the solubility diagram of the system K, Na*
Il CI', H,PO4 - HO at 25°C occupies a greater
part of the square area than at 100°C. When

considering the isothermal solubility diagram, it
can be seen that when the temperature rises, the
crystallization fields of KH;PO, sharply
decrease, therefore, their solubility grows
significantly. The saturation region of KH,PO4
at a temperature of 100°C is several times
smaller than at a temperature of 25°C.

The crystallization field of NaCl at a
temperature of 100°C significantly increases
compared to the crystallization field at 25°C due
to a decrease in the KH,PO, field.
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Fig. 2. Solubility diagram of the system K, Na*//CI", H,POy4” - H,0 at 100°C.
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Fig. 3. Solubility diagrams of the K*, Na* system // Cl-, H,POy, - H,0 at 25 and 100°C.

Consequently, the solubility of KH,PO,
increases several times, and such a solution,
when cooled, is able to precipitate this salt.

The KH,PO,~NaH,PO,~NaCI-KCI-
H,O system was used to analyze the phase
composition of industrial processes.

Before starting the analysis of the cyclic
processes for the production of potassium
dihydrogen  phosphate, we carried out
preliminary studies of the production of
potassium dihydrogen phosphate at various
temperatures. To our thinking, results of this
analysis show that the most favorable conditions
arise during the process of obtaining potassium
dihydrogen phosphate with the release of
sodium chloride at 100°C and crystallization of
potassium  dihydrogen  phosphate  with
suspension cooling to 25°C.

Based on the phase diagrams of the
solubility of the mutual salt system K*, Na* //
Cl/, H,PO,-H,0, comparing a number of
technological cycles, a scheme for the cycle Qs-
M3-P3-S3-Q3 was chosen (Fig. 4).

In the first variant, sodium dihydrogen
phosphate, which is an intermediate product
obtained by neutralizing phosphoric acid with
sodium carbonate, and potassium chloride, was
used as the initial component. The technological
process proceeds as follows (Fig. 4): sodium
dihydrogen phosphate is added to the circulation
solution at point Py, potassium chloride is
further added at point Sy, then the solution is
evaporated to the saturation point Qo, which lies
on a line drawn from point D to point Mg, which
refers to to the saturation point of sodium
chloride at 100°C.
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Fig. 4. Diagram of obtaining potassium dihydrogen phosphate.

After separating the precipitate, the
mother liquor is cooled to a temperature of 25°C
to the point M;. When the temperature is
reached, the product is separated by filtration,
and then dried at a temperature of 115-120°C,
the remaining mother liquor is sent to the cycle.
Thus, the process is closed.

In this case, the crystallization of
KH,PO, will take place from a solution with a
lower content of chlorides, which will allow the
production of KH,PO, with lower NaCl content
and relatively.

2.2. Study of the process of conversion
of monosodium phosphate solutions by
potassium chloride

The authors [14-16] studied the
solubility  diagrams for the theoretical
justification for the production of potassium
dihydrogen phosphate suitable for food
production by the conversion method from
sodium  dihydrophosphate  obtained by
neutralizing thermal phosphoric acid with soda
ash and chemically pure potassium chloride.

To select the optimal conditions for the
conversion of a solution of monosodium
phosphate obtained on the basis of EPA from
phosphorites with flotation potassium chloride
to obtain  potassium  dihydrophosphate,
previously studied systems were analyzed and
comparative studies were carried out on the
solubility in the four-component water-salt
system K*,Na'//CI''H,PO; -H,O at 25 and

100°C, in relation to the proposed compositions
of the feedstock.

Analysis of the NaH;PO;-KH,PO,-
NaCIl-KCI-H,O system showed the possibility
of obtaining monopotassium phosphate by
converting a solution of monosodium phosphate
with  flotation  potassium  chloride  with
preliminary isolation of sodium chloride.
Therefore, further studies were aimed at
obtaining  monopotassium  phosphate by
converting a solution of monosodium phosphate
with flotation potassium chloride [17].

Purified solutions of monosodium
phosphate and flotation potassium chloride
produced by UE "Dekhkanabad Potash Plant"
were used as initial components.

The technological process proceeds as
follows (Fig. 1): sodium dihydrogen phosphate
is added to the circulation solution at point Py,
then potassium chloride is added at point Sy, and
the solution is evaporated to the saturation point
Qo, which lies on the line drawn from point D to
point My, which refers to the saturation point of
sodium chloride at 100°C.

After separating the precipitate, the
mother liquor is cooled to a temperature of 25°C
to point My, at the temperature reached, the
product is separated by filtration, then dried at a
temperature of 115-120°C, the remaining
mother liquor is sent to the cycle. Thus, the
process is closed.
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Fig. 5. Diagram K", Na* // CI', H,PO4 - H,O in relation to the process of obtaining
potassium dihydrogen phosphate.

Table 1 shows the characteristics of sodium dihydrogen phosphate and potassium
suspensions in the preparation of potassium chloride. [18].
dihydrogen phosphate from a solution of

Table 1. Characteristics of the suspension in the preparation of potassium dihydrogen phosphate
from a solution of sodium dihydrogen phosphate and potassium chloride

Ne Qo Mo Po So
Bap. Suspen |Liquid| Solid | Liquid: | Suspen | Liquid | Solid |Liquid: | Suspen | Suspen |Liquid
sion, g. |phase.|phase | Solid |sion, g. | phase. |phase | Solid | sion,g. | sion, g. | phase.
1 189.35 [170.73]18.62 | 9.17:1 | 183.33 | 142.49 | 40.84 | 3.49:1 | 323.68 | 300.21 |189.35
2 189.74 (169.93]|19.71 | 8.62:1 | 180.76 | 137.12 | 43.64 | 3.15:1 | 330.38 | 305.35 |189.74
3 191.31 (170.84|20.47 | 8.35:1 | 181.67 | 136.71 | 44.96 | 3.04:1 | 336.01 | 310.20 |191.31
4 190.63 |170.15|20.48 | 8.31:1 | 184.58 | 139.62 | 44.95 | 3.11:1 | 338.93 | 313.11 |190.63
5 189.35 [170.74|18.61 | 9.17:1 | 183.96 | 143.09 | 40.87 | 3.50:1 | 324.28 | 300.81 |189.35
6 182.77 |167.26|15.51 | 10.79:1 | 196.09 | 162.03 | 34.06 | 4.76:1 | 313.0 293.45 |182.77

Table 2 shows the results of experiments in the according to six variants of the cyclic method.
preparation of potassium dihydrogen phosphate

Table 2. Chemical composition of precipitates and mother liquors formed during the conversion of
NaH,PO, solution with KCI

Precipitation composition of | Precipitation composition of |[Composition of mother liquor (M,),
Ne KH,PO,, % NaCl, % %

P,05 K,O Nazo Cl P,O5 | K5O Nago Cl P,05 K,O Nago Ccl
42.05 | 29.15 |0.89 | 0.99 | 0.64 | 0.95 | 52.24 | 43.71 | 4.18 6.04 10.88 6.13
43.76 | 28.87 |0.12 | 081 | 0.73 | 0.14 | 52.75 | 44.42 | 4.93 10.44 11.41 6.85
48.85 | 33.02 |1.66 | 0.62 | 1.99 | 1.70 | 60.23 | 56.83 | 6.42 441 12.69 7.99
4395 | 28.30 |8.99 | 3.49 | 3.90 | 3.04 | 52,74 | 44.61 | 5.77 5.53 13.08 | 8.70
39.52 | 25.29 |10.62| 4.54 | 6.35 | 3.11 | 57.82 | 42.26 | 11.15 | 4.08 14.22 | 7,60
43.72 | 22.40 |8.66 | 3.41 | 6.93 | 2.71 | 41.87 | 40.34 | 17.17 3.10 11.59 7.20

OO IWN|EF
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After  several cycles, potassium
dihydrogen phosphate was isolated containing
48.85% P,0s, 33.02% K,0, 1.66% Na,O, and
0.6% CI-. The NaCl precipitate obtained by
evaporating water from the solution contains
1.99% P,0s, 1.70% KO, 60.23% Na,O and
56.83% CI-. The mother liquor, which contains
6.42% P,0s, 4.41% K,0, 12.69% NaO, is
returned to the cycle. Next, the precipitate of
monopotassium phosphate was washed with a
saturated solution of monopotassium phosphate
and dried at 100-110°C.

The analyzes and calculations performed
using the solubility diagrams in the K*,Na*//CI",
H,PO,4-H,0 quaternary system and the obtained
experimental data showed the fundamental
possibility of obtaining potassium dihydrogen
phosphate by the conversion method from
solutions of monosodium phosphate obtained on
the basis of EPA from phosphorites of the
flotation potassium chloride.

2.3. Influence of technological
parameters on the process of crystallization
of monopotassium phosphate

The influence  of  technological
parameters such as solution concentration,
temperature and solution cooling rate on the
process of crystallization of monopotassium
phosphate from a conversion solution obtained
by the conversion method from solutions of
monosodium phosphate obtained on the basis of
EPA from phosphorites and flotation potassium
chloride was studied. The results obtained are
shown in Table 3.

The slow cooling rate contributes to the
precipitation of fewer impurities in the
sediment. With a decrease in the cooling rate,
the amount of Na,O and CI" impurities in the
product decreases by about a factor of two. Rise
in the concentration of the solution over 30%
leads to increase in the content of impurities in
the finished product.

Table 3. Degree of transition of components of the solution into the product and the chemical
composition of the mother liquor after crystallization of potassium dihydrogen phosphate

. Degree of transition of Chemical composition of mother
Tempera Cooling . o liauor mass. %
ture, rate, components into product, % quor, . %
°C °C/hour
K,O P,Os Na,O Cr K,0O P,Os Na,O Cr
Concentration of monopotassium phosphate 27%
10.0 68.48 | 69.72 4.28 2.59 3.98 5.72 11.42 7.20
31,0 7.0 68.45 | 68.68 | 4.26 | 2.57 3.97 570 | 11.40 | 7.19
5.0 68.43 | 68.66 4.25 2.56 3.97 5.70 11.40 7.18
10.0 79.62 | 81.06 4.60 2.78 3.93 5.72 10.15 7.11
25,0 7.0 79.58 | 81.01 4.57 2.75 3.92 5.72 10.17 7.12
5.0 79,56 | 80.99 4,55 2.74 3.92 5.72 10.18 7.13
Concentration of monopotassium phosphate 24%
10.0 61.14 | 62.25 3.82 2.31 4.47 6.50 12.83 8.08
31,0 7.0 61.12 | 61.23 3.81 2.29 4.46 6.49 12.82 8.07
5.0 61.11 | 61.21 3.79 2.28 4.46 6.49 12.82 8.07
10.0 71.09 | 72.38 411 2.48 4.41 6.42 12.69 7.99
25,0 7.0 71.06 | 72.34 4.07 2.46 4.41 6.42 12.71 8.01
50 71.04 | 72.32 4.05 2.44 441 6.42 12.72 8.02

The mother liquors after crystallization
of potassium dihydrogen phosphate are returned
for reuse at the initial stage in the process of
conversion of potassium chloride from sodium
dihydrophosphate.

Thus, the optimal conditions for

obtaining potassium dihydrogen phosphate by
converting a solution of monosodium phosphate
with  flotation  potassium  chloride  with
preliminary isolation of sodium chloride are
temperature - no more than 25.0 ° C, solution
concentration - at least 24-27%,
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The chemical composition of the
resulting product meets the requirements of
GOST.

2.4. Studies of the process of washing
monopotassium phosphate from impurities
and chlorine

Table 4 shows the chemical and salt
compositions  of  potassium  dihydrogen
phosphate obtained by washing once and twice
with saturated solutions of monosodium and
monopotassium phosphates.

Table 4. Chemical composition of potassium dihydrogen phosphate after washing

Ne Ratio lonic composition, % Salt composition, % Output,
KH;PO,:Wash H,PO, [ K [Na'[ CI' | KH,PO, [NaH,PO,| KCI | NaCl %
solution NaH,PO,

1 1:ANamoro4 70.92 | 27.08 | 1.30| 0.70 94.42 4.43 — 1.15 | 95.79
2 1:1Nam2pos 70.82 | 27.62 | 0.92 | 0.64 96.33 2.62 — 1.05 | 95.46
3 1:1Nam2pos 70.82 | 27.62 | 0.92 | 0.64 96.33 2.62 — 1.05 | 95.46
1 1:2Nam2pr04 70.87 | 26.97 | 1.40| 0.76 94.07 4,67 - 1.26 | 87.30
2 1:2Nam2pr04 70.78 | 27.52 | 1.00 | 0.70 95.97 2.88 - 1.15 87.00
3 1:2Namzpos 70.78 | 27.52 | 1.00 | 0.70 95.97 2.88 - 1.15 87.00
solution KH,PO,

1 1:1xopos 70.47 | 28.08 | 0.66 | 0.79 97.91 0.79 - 1.30 | 100.0
2 1:1xopos 70.43 | 28.32 1 0.49| 0.76 98.75 - — 1.25 | 100.0
3 1:1xopos 70.43 | 28.32 1 0.49| 0.76 98.75 — — 1.25 | 100.0
1 1:2xmop04 70.41 | 28.14 | 0.63 | 0.82 98.13 0.52 — 1.35 | 98.00
2 1: 2xmopos 70.39 | 28.31|0.51|0.79 98.70 - - 1.30 | 97.88
3 1: 2xmopos 70.39 | 28.31|0.51|0.79 98.70 - — 1.30 | 97.88

When KH,PQO, crystals are washed with
a saturated solution of NaH,PO,, a decrease in
the yield of potassium phosphate for samples 1-
3 is observed to 95.46% at a ratio of
KH,POg4:solid = 1:1 and to 87.00% at a ratio of
1:2, which indicates the dissolution of KH,PO,4
in a saturated solution of NaH,PO,; and the
greater, the lower the ratio.

Washing samples 1-3 with saturated
solutions of KH,PQO, practically does not lead to
a decrease in the yield of KH,PO, at a ratio of

1:1 and slightly decreases to 97.88-98.00% at a
ratio of 1:2. It follows from the data obtained
that washing is desirable to be carried out with a
saturated solution of KH,PQO, at a ratio of 1:1.

2.5. Rheological properties of initial
suspensions and mother liquors

The rheological properties of a
monosodium phosphate solution were studied at
a temperature of 20-80°C and pH = 3.8-4.5.
The research results are shown in Table 5.

Table 5. Density and viscosity of solutions of monosodium phosphate obtained by neutralization of
EPA from phosphorites of CK with soda ash

No H Density, g/cm’ Viscosity, mPa-c

* P 20°C | 40°C | 60°C | 80°C 20°C | 40°C | 60°C | 80°C

Sodium dihydrogen phosphate stock solution

1 3.8 1.240 1.234 1.230 1.228 341 2.17 1.42 1.10
2 4.1 1.242 1.236 1.232 1.230 3.50 2.23 1.49 1.14
3 4.5 1.246 1.240 1.236 1.234 3.96 2.55 1.68 1.29

One stripped off solution of sodium dihydrogen phosphate

4 3.8 1.389 1.382 1.378 1.375 3.82 2.43 1.59 1.23
5 4.1 1.391 1.384 1.380 1.378 3.92 2.50 1.67 1.28
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| 6 | 45 | 139 | 1389 | 1.384 |

1.382 |

439 | 286 | 188 | 145 |

When pH grows from 3.8 to 4.5, the
densities of the initial and stripped off solutions
grow to make up 1.240-1.246 and 1.389-1.396
g/cm?® at 20°C and 1.228-1.234 and 1.375-1.382
at 80°C, respectively.

With a growth in pH, the viscosities of
the solutions also grow to make up 3.41-3.96
and 3.82-4.39 mPa s at 20 ° C and decrease to

1.10-1.29 and 1.23-1.45 mPa s at 80°C,
respectively. The initial and stripped off
solutions of monosodium phosphate have good
rheological properties.

Table 6 shows the density and viscosity
of the mother liquors that formed after the
separation of potassium dihydrogen phosphate
in three options [19].

Table 6. Density and viscosity of mother liquors formed after filtration of potassium dihydrogen

phosphate
Ne sample from Density, g/cm® Viscosity, mPa-c
Table. 2 20°C 40°C 60°C 80°C 20°C 40°C 60°C 80°C
1 1.285 1.277 1.271 1.266 2.718 1.867 1.364 1.205
2 1.295 1.287 1.281 1.277 2.787 1.973 1.462 1.284
3 1.291 1.283 1.277 1.273 2.786 1.972 1.461 1.282
In all cases, with rising temperature, the of mother liquors shows that they have

density and viscosity of the mother liquors drop
as well. The study of the rheological properties

satisfactory mobility and
transported.

can be easily

3. Results and Discussion

3.1. Results obtained using IR-
infrared, scanning electron microscope and
X-ray analysis

In order to establish the salt and
chemical composition of potassium dihydrogen
phosphate, X-ray, IR spectroscopic and
scanning electron microscopic studies were
carried out. X-ray analysis was performed on an
XRD-6100 diffractometer (Shimadzu, Japan).
We used CuKo radiation (B filter, Ni, tube
current and voltage 30 mA, 30 kV) and a
constant detector rotation speed of 4 deg/min.
When removing the sample, a chamber with
rotation was used, where the rotation speed is 30
rpm. The radiographs were interpreted using the
American  Mineralogist  crystal  structure
database and Mikheev's X-ray determinant of
minerals.

The IR absorption spectrum of the test
substance, bischofite, was recorded on a
SPECORD-751R in the frequency range of 400-
4000 cm™. Samples were prepared by pressing
tablets with KBr.

Fig. 6 shows a radiograph, and Fig. 7 IR
spectrum of potassium dihydrogen phosphate
synthesized under laboratory conditions.

On the IR spectrum (Fig. 7) there are

vibration frequencies characterizing vibrations
related to PO4 429.11-1065.79 cm™ and
crystalline water - 1277.42-2325.55 cm™. The
data of IR spectroscopy of potassium
dihydrogen phosphate confirm the data of
chemical and X-ray studies.

Table 7 and Figure 8 show the main

components of the obtained potassium
dihydrogen phosphate based on sodium
dihydrophosphate and flotation potassium

chloride with the conversion method. Scanning
electron microscopic analysis of potassium
dihydrogen phosphate shows the following
content of the elements of the composition: O-
43.31%, Na-0.78%, P-24.96%, CI-0.48%, K-
30.47%, which corresponds to their content in
potassium dihydrogen phosphate.

Thus, the effect of crystallization time
and temperature on the elemental, basic
chemical and salt composition of potassium
dihydrogen phosphate was studied. The results
obtained indicate the possibility of synthesizing
potassium dihydrogen phosphate with the
required performance properties through a
solution of sodium dihydrogen phosphate and
flotation potassium chloride.

CHEMICAL PROBLEMS 2023 no. 3 (21)
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Fig. 6. X-ray of potassium dihydrogen phosphate
5.1; 3.72; 3.00; 2.90; 2.63 A, which belong to KH,POy4, as well as 1.70 A NaCl

Fig. 7. IR spectrum of potassium dihydrogen phosphate

Table 7. Results of elemental chemical analysis of monopotassium phosphate

Element Weight. % Sigma, Bec. %
o) 43.31 0.23
Na 0.78 0.05
P 24.96 0.14
Cl 0.48 0.04
K 30.47 0.16
Total 100.00

CHEMICAL PROBLEMS 2023 no. 3 (21)
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Fig. 8. Scanning microscopic analysis of potassium dihydrogen phosphate
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Fig. 9. Technological scheme for obtaining fodder-grade monopotassium phosphate based
on extraction phosphoric acid obtained from phosphorites of the Central Kyzylkum by the
conversion method: 1 — jacketed reactor; 2, 5 - filters; 3 — crystallizer.

3.2.Technological scheme for the
production of monopotassium phosphate

The technological scheme and the
material balance for obtaining chlorine-free

feed-grade monopotassium phosphate based on

EPA and obtained from phosphorites are shown
in Fig. 9 and Fig. 10.

A solution of monosodium phosphate
and finely crystalline potassium chloride are
simultaneously fed into the reactor (pos. 1) with

CHEMICAL PROBLEMS 2023 no. 3 (21)
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stirring and at a temperature of 95-100°C to
evaporate moisture and concentrate the mixture.
The reactor also receives the mother
liqguor after separation of monopotassium
phosphate. The processes of conversion and
evaporation proceed for 2 hours, after which the
mixture is fed to hot filtration to a vacuum filter
(pos. 2) to separate precipitated sodium chloride
crystals, which is sent to a drying drum (pos. 7)
for drying. The filtrate from the filter (pos. 2)
enters the mold (pos. 3) and then by pump (pos.
4) to the filter (pos. 5) to separate
monopotassium phosphate crystals, which then
enters the drum dryer (pos. 8) for drying the
mother liquor is used as a circulation and fed

into the reactor (pos.1).

3.3 Approbation of technology for
obtaining monopotassium phosphate

The conversion method for obtaining
monopotassium phosphate is a new product for
the chemical industry of the republic, requiring
equipment that is different from those available
at enterprises. Therefore, the tests of the
developed technology were carried out on a

model unit in the joint-stock company
“Electrokimyozavod”.

The technological process for the
production of monopotassium  phosphate

consists of stages as follows:

-conversion of a solution of monosodium phosphate with potassium chloride;

-evaporation of the conversion solution;

-separation of precipitation of sodium chloride;

-cooling and crystallization of monopotassium phosphate;
-separation of monopotassium phosphate crystals;
-washing and drying of monopotassium phosphate.

The technology was tested on a model
plant simulating production conditions and an
experimental ~ batch  of  monopotassium
phosphate was produced.

Technological process. Monosodium
phosphate solution is fed to the stage of
conversion of monosodium phosphate with
potassium chloride. The process of conversion
and evaporation of the solution occurs at a
temperature of 100°C until the sodium chloride
present in the solution is precipitated. Next, the
pulp is fed to the filtration. The solid phase -
sodium chloride is sent for washing and drying
to obtain a commercial product - sodium
chloride, and the liquid phase is sent to the

crystallizer for cooling to a temperature of 20-
30 ° C and crystallization of monopotassium
phosphate. The precipitated crystals of
monopotassium phosphate are separated from
the mother liquor, washed and dried. At that, the
mother liquors are returned to the stage of
conversion of monosodium phosphate with
potassium chloride.

As a result of testing the technology, an
experimental ~ batch  of  monopotassium
phosphate was produced in the amount of 50 kg,
which was transferred for testing. Data on the
analysis of the chemical composition and
commercial properties of the product are shown
in Table 8.

Table 8. Chemical and physical-chemical parameters and comparative characteristics of the
obtained monopotassium phosphate by the conversion method

Ne Name of indicators

Indicators

according to TU Actually

1 Appearance

white powder white powder

2 Mass fraction of total phosphates, (P,Os), %, not less

50.0 50.0

than
3 Mass fraction of potassium, (K,0), %, not less than 33.0 33.0
4 Mass fraction of moisture, %, no more 05 0.35
5 Hydrogen index of 1% solution, units pH 4.0-45 43
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| 6

| Mass fraction of water-insoluble residue, %, max | 0.1 |

0.01 |

The monopotassium phosphate obtained
during the tests fully met the requirements. TU
2186-021-32496445-00 (RF). Thus, the tests
performed showed the possibility of obtaining
monopotassium phosphate from solutions of
monosodium phosphate based on purified EPA

from phosphorites by conversion  with
potassium chloride. The tests carried out on the
pilot plant show adequate reproducibility of the
results of laboratory studies regarding the
technological parameters of the process and the
level of quality of the products obtained.

4. Conclusions

For the physicochemical substantiation
of the possibility of obtaining monopotassium
phosphate, theoretical and experimental studies
were carried out, which made it possible to
develop the technology of chlorine-free
phosphorus-potassium fertilizers by converting
monosodium  phosphate  with  potassium
chloride.

The field of crystallization of KH,PO,
on the solubility diagram of the system K*, Na*
Il CI', H,PO4 - HoO at 25°C occupies a greater
part of the square area than at 100°C. When
considering the isothermal solubility
diagram, it can be seen that as the temperature
grows, the crystallization areas of KH,PO,
sharply decrease; therefore, their solubility
grows significantly. The saturation region of
KH,;PO,4 at a temperature of 100°C is several
times lower than at a temperature of 25°C.

The crystallization field of NaCl at a
temperature of 100°C significantly increases
compared to the crystallization field at 25°C due
to a decrease in the KH,PO, field.
Consequently, the solubility of KH,;PO,
increases several times, and such a solution,
when cooled, is able to precipitate this salt.

The KH,PO,~NaH,PO,—NaCI-KCI-
H,O system was used to analyze the phase
composition of industrial processes.

Based on the analysis of phase equilibria
using the solubility diagram of the four-
component water-salt system K*, Na* // CI,
H,PO, - H,O at 25°C and 100°C, data were
obtained on the possibility of isolating
potassium dihydrogen phosphate and sodium
chloride by crystallizing them from saturated
solutions.

The influence of  technological
parameters such as solution concentration,
temperature and solution cooling rate on the

process of crystallization of monopotassium
phosphate from a conversion solution obtained
by the conversion method from solutions of
monosodium phosphate obtained on the basis of
EPA flotation potassium chloride was studied.

The slow cooling rate contributes to the
precipitation of fewer impurities in the
sediment. With a decrease in the cooling rate,
the amount of Na,O and CI- impurities in the
product decreases by about a factor of two.
Increasing the concentration of the solution over
30% leads to an increase in the content of
impurities in the finished product.

The optimal conditions for obtaining
potassium dihydrogen phosphate by converting
a solution of monosodium phosphate with
flotation potassium chloride and preliminary
isolation of sodium chloride are temperature -
no more than 25.0°C, solution concentration - at
least 24-27%, solution cooling rate - 10.0° C /
hour. The chemical composition of the resulting
product meets the requirements of GOST.

The rheological properties of conversion
solutions were studied at temperatures of 20-
80°C depending on pH. As pH rises from 3.8 to
4.5, the densities of the initial and stripped off
solutions rise as well and amount to 1.240-1.246
and 1.389-1.396 g/cm?® at 20°C and 1.228-1.234
and 1.375-1.382 at 80°C, respectively.

As pH rises, the viscosities of the
solutions rise as well and amount to 3.41-3.96
and 3.82-4.39 mPa s at 20° C and decrease to
1.10-1.29 and 1.23-1.45 mPa s at 80°C,
respectively. The initial and stripped off
solutions of monosodium phosphate have good
rheological properties.

Based on the results obtained, a basic
technological scheme for the production of
monopotassium phosphate and sodium chloride
is proposed. The optimal parameters of the
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technological process were established and the
material balance and norms of the technological
regime compiled.

The tests carried out on the pilot plant

show adequate reproducibility of the results of
laboratory studies over the technological
parameters of the processes and the level of
quality of the products obtained.
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MONO-NATRIUM FOSFAT VO KALIUM XLORID 9SASINDA MONO-KALIUM
FOSFATIN ALINMA PROSESININ ToDQIiQi

MLA. Saymoardanov, ’Mirzokulov, °G. Malikulova, S.Z. Xocamkulov,
'A.K. Nomozov, 'X.S. Saymordanova

YTermiz Miihandislik vo T exnologiya Institutu,
2 Daskond Kimya Texnologiya Institutu,
100011, Ozbakistan, Daskand, Navai kiic., 32
e-mail: abrornomozov055@gmail.com

Xiilasa: Morkozi Qizilqum fosforitlorindon tomizlonmis ekstraksiyali fosfor tursusu osasinda
alinmig natrium dihidrofosfat mohlullart ilo Tiibeqatan yatagindan kalium xloridin kalium
dihidrogenfosfata konversiya prosesinin todgiqatlarmin naticalori toqdim olunur. 25°C va 100°C
temperaturda kalium dihidrofosfatin omoalo golmosine B:M komponentlorinin nisbatinin tasiri
Oyronilmisdir. Kalium dihidrofosfatin ayrilmasi iiclin optimal texnoloji parametrlor miioyyan
edilmigdir. Kalium dihidrofosfatin istehsali zamani omolo golon mohlullarin reoloji xassolori
miioyyon edilmisdir. Alinan noticolor rentgen faza vo IQ-spektroskopik analiz iisullari ilo
tosdiglonmisdir. Kalium dihidrofosfatin element torkibi miioyyon edilmisdir.

Acar sozlar: kalium monofosfat, kalium xlorid, hall olma diagrami, ¢evrilmo, natrium vo kalium
dihidrofosfatlari.
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NCCIEJOBAHME ITPOIECCA ITOJYYEHUA MOHOKAJIMEBOI'O ®OCPATA
HA OCHOBE MOHOHATPUV®OC®PATA U XJIOPUIA KATIAA

'MLA. IlajimapaaHosa, 2y, Mup3aky.ioB, . MenukyioBa, 'c.. Xo0a:KaMKYyJ10B,
A K. Homo30B, x.C. IlajiimapaaHoBa

1 - o
Tepme3c;<uu UHIICEHEPHO-MEXHO/I02UYECKUU UHCMUNYM
2 .~ v

Tawxenmckull XuMUKo-mexHo102udeckKuil uHcmumym

Vu.Hasou,32, Tawkeum, Yzbexucman, 100011
e-mail: abrornomozov055@gmail.com

AnHotanusi: IlpencraBneHbl pe3ynbTaThl MCCIENIOBAaHUM Mpoliecca KOHBEpPCUU (HIOTAMOHHOTO
xjopuga Kanmuss Tro0eraraHckoro MeCTOPOXKIEHHUs pacTBopamu auruapodocdara HaTpws,
MOJIYyYEHHOTO HA OCHOBE OYHINEHHOHN AKCTPAKIHOHHOW (ocopHOi KuCIOoThl U3 (ochoputon
enTpaneabix Kb3puikymoB, B auruapodocdar kamus. MccieqoBaHO BIHMSHHE COOTHOIICHUS
komroHeHToB T:0K Ha oOpazoBanue muruapodocdara kamus npu temneparypax 25°C u 100°C.
OmnpeneneHbl ONTUMANIbHBIE TEXHOJIOTMYECKHE MapaMeTpbl BBIACICHUA AUruapodocdara Kamus.
OmnpeneneHbl peoJOrMueckue CBOWCTBA pacTBOPOB, OOpa3ylOIIMXCS B MPOIECCEe MOIYyYSHHS
muruapodocdara kanusa. [lomydeHHbIE pe3yibTaThl MOATBEpKIAeHBI peHTreHodazoBsiM u UK-
CHICKTPOCKOITMYECKMM METOJaMH aHalmu3a. OJIEeMEHTHBIH coctaB muruapodocdara Kamus
YCTaHOBJIEH METOJIOM 3JIEKTPOHHON MUKPOCKOIIUHU.

KiroueBble cioBa: MoHodocdar kamusi, GioTanust XJIOpUAa Kajusi, AUarpaMma pacTBOPUMOCTH,
KOHBepcHs, TuruapodocdaTsl HATPUS U KaJusl.
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