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ABSTRACT: The results of studies on the production of potassium sulfate by the conversion of flotation potassium
chloride of the Tubegatan deposit with ammonium sulfate are presented. The effect of S:L on the formation of a double
salt and potassium sulfate at a temperature of 25°C, the duration of the process of 60 minutes was studied. Optimal
technological parameters for the separation of double salt and potassium sulfate have been established. The
individuality and purity of the synthesized substances have been established by X-ray and scanning electron
microscope methods.

l. INTRODUCTION

Recently, with the cultivation of vegetables by hydroponics and drip irrigation, the demand for chlorine-free potash
fertilizers, which include potassium sulfate, potassium nitrate, potassium phosphates, potassium-magnesium
concentrate, has greatly increased. One of the main and most effective forms of chlorine-free potash fertilizers is
potassium sulfate, which is determined by the high content of the useful component in terms of K,O (48-50%), as well
as the presence of the SO, ion, which provides sulfur nutrition to plants. The use of potassium sulfate is useful due to
a reduction in the consumption of sulfate-containing nitrogen and phosphorus fertilizers, displaced by more
concentrated sulfate-free forms [1-3].

1. LITERATURE SURVEY

There are numerous ways to produce potassium sulfate using potassium chloride as a raw material, natural sulfate-type
minerals, as well as various sulfate-containing chemical products [4-6].

Most often, potash sulfate fertilizers are obtained from natural raw materials — potash sulfate ores by the galurgies
method. Another promising method for obtaining potassium sulfate is conversion — by the interaction of potassium
chloride and a sulfate-containing reagent [7, 8].

Uzbekistan has large natural reserves of raw materials for the production of potassium sulfate, which can be used as
potassium chloride of JSC "Dehkanabad Potash Plant", obtained from silvinite of the Tubegatan deposit, mirabilite of
the Tumruk deposit, sodium or ammonium sulfates [8-11]. However, to date, the Republic has not developed
acceptable, continuous technologies for obtaining potassium sulfate from the above local raw materials, while the
Republic's need for chlorine-free potash fertilizers exceeds 100 thousand tons per year.

Proceeding from this, an urgent task for the Republic is the development of a continuous technology for obtaining
potassium sulfate by conversion of potassium chloride with ammonium sulfate. The chemistry of the process consists
in the exchange reaction of potassium chloride and ammonium sulfate to form a double salt

2KCI + 2(NH4)ZSO4 = K2804'(NH4)2804 + 2NH4C|
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and the interaction of a double salt solution with potassium chloride
KzSO4°(NH4)2804 + 2KCl = 2K2804 + 2NH4C|

In connection with the above, science and producers of the republic face an urgent task - the development of a
continuous, effective technology for producing potassium sulfate based on the available raw materials of Uzbekistan,
the solution of which will meet the needs of the domestic market in chlorine-free potash fertilizers and increase the
export potential of the republic.

The existing methods of obtaining potassium sulfate suffer from multi-stage, complexity of the technological scheme,
high energy costs, the formation of by-products of little-used products and cause the high cost of the resulting products.
The development of an optimal, cost-effective, waste-free, continuous technology for the production of potassium
sulfate is an urgent problem for the republic.

The most acceptable way to obtain potassium sulfate for the conditions of the republic is the conversion method, since
in this case potassium chloride from the Tubegatan deposit can be used, and sodium or ammonium sulfates, which are
produced on an industrial scale, can be used as a sulfate component.

1. RESEARCH METHODS

Research on the conversion of potassium chloride with ammonium sulfate were carried out using flotation potassium
chloride of JSC "Dehkanabad Potash Plant" composition (mass. %): KCI - 95.3; NaCl - 2.97; u.p. - 1.1; H,0 - 0.43 in a
laboratory installation consisting of a glass reactor equipped with a stirrer and placed in a thermostat.

A saturated (39.1%) solution of ammonium sulfate, a saturated solution of potassium chloride (26.8%) and a solution
containing 10% potassium chloride were used to obtain potassium sulfate from the flotation potassium chloride of the
Tubegatan deposit and ammonium sulfate by conversion. The conversion process was carried out at 25°C and the
duration of the process was 40-60 minutes by introducing a saturated solution of ammonium sulfate into a saturated
solution of potassium chloride to a molar ratio of components equal to 1:1. S:L at the conversion stage was supported
by the introduction of an additional amount of potassium sulfate or saturated solution. After a predetermined time, the
liquid and solid phases were separated by filtration.

To identify the phase composition of intermediates and finished products in addition to chemical [12-15] and physico-
chemical (X-ray phase and scanning electron microscopic methods) analysis [16, 17].

X-ray images of the samples were taken on a computer-controlled XRD-6100 (Shimadzu, Japan) [16]. At the same
time, CuKa radiation (B-filter, Ni, 1.54178 tube current and voltage mode 30 mA, 30 kV) and a constant detector
rotation speed of 4 degrees/min with a step of 0.02 degrees were used. (w/268-coupling), and the scanning angle varied
from 4 to 80o0.

The surface morphology and microstructure of the samples were studied using a scanning electron microscope SEM -
EVO MA 10 (Carl Zeiss, Germany) with an X-ray spectrometer Aztec Energy Advanced X-Act-Oxford Instruments
[17]. Experiments on a scanning electron microscope were carried out as follows. To carry out the sample preparation
process, a holder made of a metal alloy was installed on the microscope slide table, on top of which an aluminum foil
with a double-sided adhesive surface was glued. The test sample was applied to this foil. Next, the slide table was
installed in the working chamber of the microscope, from which air was pumped out to create a vacuum. To carry out
the measurement, an accelerating voltage of 12 kV was applied to the filament, with the working distance being 8.5
mm. The images were obtained at scales from 50 microns.
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V. EXPERIMENTAL RESULTS

The technology for producing potassium sulfate consists of two stages. At the first stage, potassium chloride was
converted with ammonium sulfate to obtain a double salt, and at the second stage, potassium sulfate was obtained by
dissolving the double salt in water and introducing 10% potassium chloride, after filtration, 10-12% potassium sulfate
solution was washed.

To obtain a double salt, crystalline potassium chloride was injected into the ammonium sulfate solution to a given
molar ratio of KCI:(NH,),SO,. Separation of the solid and liquid phases was carried out on a filter unit at a discharge of
300 mm Hg. The area of the filter surface of the funnel is 0.005 m?. The data obtained are shown in tables 1 and 2.

Table 1. Effect of S:L on the chemical composition of the solid phase of the conversion process of flotation potassium
chloride with ammonium sulfate

S Composition of the solid phase, wt. %

' K,0 NH, cr S0,”
1:1,2 40,91 7,37 7,78 50,91
1:15 44,93 4,24 6,68 50,12
1:1,7 50,96 2,16 5,94 49,60
1:2,0 51,20 1,95 5,80 49,65

As can be seen from table 1, with an increase in the proportion of the liquid phase from 1:1.2 to 1:2, the K,O content in
the solid phase increases from 40.91 to 51.20%, and the remaining components decrease. Thus, the content of NH,*
decreases from 7.37 to 1.95%, chlorine from 7.78 to 5.80%, SO,* from 50.91 to 49.65%.

Table 2. Effect of S:L on the chemical composition of the liquid phase of the conversion process of flotation potassium
chloride with ammonium sulfate

S Composition of the solid phase, wt. %

' K,0 NH,* Cl S0~
1:1,2 12,93 3,722 15,998 1,50
1:1,5 13,32 2,97 15,11 1,28
1:1,7 13,90 2,473 14,516 1,14
1:2,0 15,20 1,522 13,795 0,93

The resulting double salt K,SO4+(NH,4),SO, is contaminated with the initial components, as evidenced by the presence
of ammonium and chlorine ions in the solid phase.

With an increase in S:L from 1.2 to 2:1, we can see that the composition of the liquid phase changes slightly, as shown
in table 2. Thus, the K,O content increases from 12.93 to 15.20%, the content of the remaining components decreases.
The results obtained indicate that the technologically acceptable ratio S:L is 1:(1,2 to 2). The resulting double salt thus
contains (wt. %): K,O - 40.91-51.20; SO, - 50,10-49,65 ; NH," - 7,37-1,95 ; CI" - 7,78-5,8.

Next, a 10% solution of potassium chloride was injected into the double salt solution, taken in an amount that provides
S:L in the initial suspension (1,2+2):1, was kept at a temperature of 25-30°C for 30 minutes. The suspension was
separated on a filter and the filtered solid phase was treated with a 10-12% solution of potassium sulfate and dried.

To check the obtained double salt and potassium sulfate, X-rays were taken (fig. 1 and 2). When removing the sample,
a rotating camera was used, where the rotation speed is 30 vol./min. The transcription of X-ray was carried out using
the database of the American card file "The American Mineralogist crystal structure database” and the radiometric
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determinant of minerals by Mikheev. The X-ray image shows only diffraction maxima characteristic of a double salt
(KS0,-(NH,),S0,) with interplane distances of 4.33; 3.85; 3.12 A K,SO4(NH,),S0,.
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Fig. 1. X-ray of a double salt (K,SO4(NH,4),SO,) in the filtrate

The X-ray image shows only diffraction maxima characteristic of potassium sulfate with interplane distances of 3.14 A
K,S0,.

60000 4

3,14

40000 4

200004

Theta-2Theta (deg)

Fig. 2. X-ray of potassium sulfate washing
Electron microscopic analysis of the double salt (K,SO4(NH,4),SOy), the results of elemental chemical analysis are

shown in figure 3. Energy dispersion analysis of the double salt showed the following element content: N-1.25%; O-
37.13%, S-18.60%; CI-0.68%; K-42.34%.
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Fig. 3 - Energy dispersion spectrum and quantitative composition of double salt elements on a scanning electron
microscope

Electron microscopic analysis of potassium sulfate washing using a 10-12% solution of potassium sulfate, the results of
elemental chemical analysis are shown in figure 4. The energy dispersion analysis of potassium sulfate showed the
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following content of elements: N-0.08%; O-36.72%, S-18.33%; CI-0.18%; K-44.69%, which corresponds to the
requirement for potassium sulfate.
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Fig. 4 - Energy dispersion spectrum and quantitative composition of potassium sulfate elements on a scanning electron
microscope
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Thus, the possibility of obtaining potassium sulfate has been experimentally established, optimal parameters of all
stages of the process have been determined, and its physico-chemical properties have been clarified.

V. CONCLUSION

Thus, the conducted studies have shown the possibility of obtaining potassium sulfate from the flotation potassium
chloride of the Tubegatan deposit by conversion with ammonium sulfate. To do this, a saturated solution of ammonium
sulfate is injected into purified, saturated solutions of potassium chloride to a molar ratio of components equal to 1:1 at
a temperature of 25°C, stirred for 60 minutes, the double salt K,SO4(NH,),SO, is separated and dissolved in a 10%
solution of potassium chloride at a temperature of S:L = 1:1. The precipitate of potassium sulfate is filtered and dried.
The suspension was separated on a filter and the solid phase was washed with a 10-12% solution of potassium sulfate
and dried. The physicochemical characteristics of the double salt and potassium sulfate were studied by methods of
physico-chemical analysis using X-ray and scanning electron microscopy.
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