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Abstract. The article covers the decomposition of tricalcium phosphate
with thermal phosphoric acid with a concentration of 20, 30 and 40% P20s
with the replacement of 10, 20 and 30% P20s with sulfuric acid and it has
been established that, regardless of the content of ammonium nitrate,
magnesium sulfate or their combined presence in phosphoric acid, with an
increase in the proportion of sulfuric acid, the content of both total and
aqueous forms of SOs in the acidic pulp increases. The highest results of the
decomposition coefficient were obtained when phosphoric acid was
evaporated to a content of 32.22-25.77% P20s and 5.54-9.76% SOs. The SO3
content of both total and aqueous forms in dried products increases with
increasing proportion of sulfuric acid. When the proportion of sulfuric acid
increases to 20%, the degree of decomposition increases to 93.45% and to
99.55% when replacing 30% P20s with sulfuric acid.

1 Introduction

Due to the depletion of rich deposits of phosphate raw materials worldwide, a high attention
is paid to the development of technology for concentrated phosphorus fertilizers involving
low-grade and high-magnesium phosphorites in the production [1]. In this regard, providing
the agro-industrial complex with the necessary plant protection products, stimulants of plant
growth and development, mineral and organic-mineral fertilizers in a wide range with
different ratios of the main macroelements such as nitrogen, phosphorus, potassium, calcium,
magnesium, sulfur is an important direction in increasing productivity agricultural plants [2].

In this regard, substantiation of scientific and technical solutions for the development of
technologies for single and concentrated phosphorus fertilizers with a water-soluble form of
sulfates is important. In order to provide agricultural production with them, it is necessary to
justify a number of existing scientific solutions, establishing optimal technological
parameters for the partial replacement of phosphoric acid with sulfuric acid, the degree of
ammonization of acidic pulp, at which the maximum content of water-soluble sulfates is
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observed, and developing a technology for producing concentrated nitrogen-phosphorus
fertilizers with a water-soluble form of sulfates.

Concentrated WPPA is the basis for the production of double superphosphate. WPPA is
made from high-quality raw materials, is well evaporated to a concentration of 54% P»Os and
is used to produce double superphosphates. WPPA, obtained from magnesium-containing
raw materials, for example, from phosphorites of Karatau, Kizylkum and Kingisepp deposits,
due to the content of magnesium impurities in it, thickens at a concentration of 37-38% P,0:s.
It is argued that the presence of more than 0.3% MgO in phosphate raw materials causes
difficulties in concentrating WPPA due to the formation of insoluble magnesium phosphate,
leading to the formation of sludge. Other authors believe that the thickening of magnesium-
containing WPPA, evaporated to a concentration of 37-38% P,Os, occurs due to the
formation of MgF, and SiO; as a result of the hydrolysis of MgSiFs.

By studying the properties of real solutions of EPA from Karatau phosphorites depending
on the ratio of impurity compounds of magnesium, iron, aluminum, sulfuric acid and others,
it was established that the thickening of WPPA as it concentrates occurs due to the presence
of magnesium in the acid in the form of magnesium sulfate hydrates. WPPA (21% P,0s)
from Karatau phosphorites contains 1.5-2.0% MgO, i.e., 4.5-6.0% MgSOs or 9.0-12.0%
MgSO4-7H>0 in dissolved form, and when the concentration increases to 37-38% P,Os, the
content of this salt reaches 16-21%. In this case, the solution is oversaturated with magnesium
sulfate hydrates. When cooled, they crystallize and associate water molecules (this property
is inherent in all crystalline hydrates), as a result of which the solution thickens. Other
impurities present (calcium sulfate, iron and aluminum phosphates, sodium and potassium
silicofluorides), especially sulfuric acid, enhance the thickening process.

In order to eliminate thickening, i.e., to improve the rheological properties, a chemical
reagent ammonium nitrate was used, and the solubility of magnesium compounds in a
solution of this reagent was studied [3-5].

2 Methods

In order to theoretically substantiate the processing of phosphorites into single phosphorus
fertilizers with phosphoric acid, with partial replacement of P,Os phosphoric acid with
sulfuric acid, studies were carried out on the decomposition of tricalcium phosphate with
thermal phosphoric acid containing 20% P,Os with the replacement of 10, 20 and 30% P»Os
with sulfuric acid at a total stoichiometric normal acid.

Research of the decomposition process of tricalcium phosphate was also carried out with
more concentrated thermal phosphoric acid, and replacing 10, 20 and 30% P,Os with H,SO4
with a concentration of 91.75% in a laboratory installation. The laboratory setup consisted of
areactor equipped with a screw stirrer with an electric motor and placed in a water thermostat.
The temperature in the thermostat was maintained using a contact thermometer. The
temperature in all experiments was constant, and it was equal to 80 °C and the process
duration was 2 hours.

After reaching the set temperature, the calculated amount of tricalcium phosphate was
dosed. For a certain period of time, pulp samples were taken for analysis to determine the
content of various forms of P,Os, CaO, SO; and calculation of the decomposition coefficient
of tricalcium phosphate, the extraction coefficients of CaO and SOs into the liquid phase.
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3 Results and discussion

Research on the decomposition of tricalcium phosphate 20% into P,Os by thermal phosphoric
acid with partial replacement of P>Os by sulfuric acid were carried out with phosphoric acid
containing 1% magnesium sulfate. The need for these studies is justified by the fact that
phosphorites of Karatau and Central Kyzylkum contain magnesium, and WPPA based on
them contains magnesium sulfate, which significantly affects the activity and rheological
properties of the acid. The results obtained are shown in Table 1.

Adding 1% MgSO; to the original phosphoric acid containing 20% P,Os and replacing
10% P,0Os with sulfuric acid leads to a decrease in P,Os to 16.25%, which contains 4.58%
SO:s.

Evaporation of these acids allows obtaining phosphoric acid containing 24.38-19.50%
P,0s and 5.08-8.28% SOs, as well as 32.50-26.00% P,0s and 5.59-9.85% SOs.

When decomposing tricalcium phosphate with thermal phosphoric acid, with an initial
concentration of 16.25% P,0s and containing 4.58% SO3, the content of P2Osioral is 21.12%,
P2Osassim, 1 20.01% and P,Osys is 18.39%. The ratio of assimilated forms to the total form
increases from 94.74% to 95.87% and 98.27% and aqueous from 87.07% to 90.03% and
91.85%, respectively. Accordingly, the decomposition coefficient of tricalcium phosphate
increases from 85.30% to 89.27% and 96.44% [6-10].

When replacing 10% P,Os phosphoric acid with H>SO4, the content of SOs¢otar in the pulp
is 3.83% and SO3qq is 1.16%. An increase in the rate of sulfuric acid leads to an increase in
the content of the total form of SO; to 4.69% when replacing 20% P»>Os with H,SO4 and to
5.57% when replacing 30%. At the same time, the content of the water-soluble form of SO;
is 1.28% and 1.13%.

When using more concentrated phosphoric acid, the content of the total form of SO; is
3.92-7.01% and aqueous is 1.15-1.44%. Increasing the concentration of H;PO4and replacing
10-30% of P,Os with H>SOs, the extraction coefficient of SOs into the liquid phase decreases
and amounts to from 30.29-20.29% to 29.34-20.63% and to 30.42-20.54%.

Table 1. The effect of partial replacement of phosphoric acid containing magnesium sulfate with
sulfuric acid on the chemical composition of the product.

Content of components in pulp, mass. %
No. Indicators When replacing H3PO4 with H2SO4. %
10 20 30 10 20 30 10 20 30
Initial
concentration of
1. P.0s in WPPA, | 1625 14.65 13.00 2438 2198 | 19.50 | 32.50 | 29.30 26.00
%
Initial
concentration of
2. SOs in WPPA. 458 5.63 6.70 5.08 6.66 8.28 5.59 7.69 9.85
%
Content in pulp:
P2Os (total.), % | 21.12 19.85 18.53 29.27 2829 | 25.64 | 3626 | 34.02 31.72
P20s (,;jfs‘m‘)’ 20.01 19.03 1821 2804 | 2729 | 2504 | 3590 | 3374 | 3152
P20s (aq.s), % 18.39 17.87 17.02 25.58 2558 | 23.62 | 3295 | 3153 30.27
3.
SO; (total), % 3.83 4.69 5.57 3.92 5.12 6.35 4.01 5.49 7.01
SOs (ags.), % 1.16 1.28 1.13 1.15 1.41 1.31 1.22 1.44 1.44
CaO (total), % 8.93 9.04 9.13 12.36 14.35 16.49 15.32 15.48 15.64
CaO (aqg.s.), % 226 2.06 1.45 3.07 3.03 2.67 3.92 3.37 2.52
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MgO % 1.49 1.48 1.48 1.37 1.37 1.37 1.28 1.27 1.27
Humidity, % 51.7 523 53.0 373 38.2 39.1 25.0 26.1 273
(P2Os assim.:
4, P»Ostotal.)x100, 94.7 95.9 98.3 95.8 96.5 97.7 99.1 99.2 99.4
%
(P20saq.s.:P20st
5. otal)x100, % 87.1 90.0 91.8 87.4 90.4 92.1 90.9 92.7 95.4
Kp according
6. P205assim. % 85.3 89.3 96.4 88.2 90.8 95.2 97.2 97.9 98.7
Kextr. according
7. CaO in aqueous 253 22.8 15.9 24.8 21.1 16.2 25.6 21.8 16.1
solution, %
Degree of SO3
g, | cxtctionino |54 273 203 293 275 | 206 | 304 | 262 | 205
aqueous
solution, %

Table 2 shows the results of the drying process of tricalcium phosphate decomposition
products with 20% thermal phosphoric acid containing 1% magnesium sulfate, replacing
10%, 20% and 30% P,Os with sulfuric acid.

The pulps were dried in a drying oven at a temperature of 105 °C until the moisture
content was less than 3%.

The table shows that during the drying process, due to the removal of moisture, the
content of the total form of P,Os increases to 42.87%, when using acid 16.25% P,Os with a
content of 4.58% SOs and decreases to 40.86% for acid 14.65% P,Osand 5.63% SOz and up
to 38.70% for acid 13.00% P»Os and 6.70% SOs. The content of the assimilated form is
40.70%, the aqueous form is 37.45-35.62%.

At the same time, the ratio of the assimilated form to the total form increases from 94.95%
when replacing 10% P»Os with sulfur to 96.06% when replacing 20% P>Os and to 98.55%
when replacing 30% P,Os.

The ratio of the water-soluble form to the total form is, respectively, 87.35%, 90.75% and
92.04%. The decomposition coefficient is 85.86%, 89.76% and 97.04% when replacing 10%,
20% and 30% P,Os with sulfuric acid.

The use of more concentrated phosphoric acid with the replacement of 10, 20 and 30%
P»,Os with sulfuric acid allows obtaining a product with a higher degree of decomposition.
When decomposing tricalcium phosphate with phosphoric acid containing 24.38% P»>Os and
5.08% SO3, the degree of decomposition is 89.30%, and with acid 32.50% P,Os and 5.59%
SOs, it is 98.60%.

When the proportion of sulfuric acid increases to 20%, the degree of decomposition
increases to 92.39% and to 98.90% when replacing 20% P,Os with sulfuric acid. The highest
results of the decomposition coefficient were obtained when phosphoric acid was evaporated
to a content of 32.50-26.00% P,Os and 5.59-9.85% SOs. The SOs content of both total and
aqueous forms in dried products increases with increasing proportion of sulfuric acid. When
using extraction phosphoric acid activated with ammonium nitrate, it contains magnesium
sulfate as a concomitant component of phosphorites of Karatau and Central Kyzylkum.

Table 2. The effect of partial replacement of phosphoric acid containing magnesium sulfate with
sulfuric acid on the chemical composition of the product.

Content of components, mass. %
No. Indicators ‘When replacing H;PO4 with H.SO4, %
10 20 30 10 20 30 10 20 30

Initial concentration
1. of P20s in WPPA. % 16.25 14.65 13.00 2438 | 21.98 19.50 | 32.50 | 29.30 | 26.00

Initial concentration
2. of SO; in WPPA. % 4.58 5.63 6.70 5.08 6.66 8.28 5.59 7.69 9.85
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Content in product:
P0s (total.), % 4287 | 4086 | 3870 | 4529 | 44.86 | 4121 | 4724 | 4567 | 42.99
P,0s (assim.), % 4070 | 3925 | 3814 | 43.56 | 4355 | 4036 | 47.00 | 4548 | 42.86
P,0s (aq.s), % 3745 | 3708 | 3562 | 3999 | 40.78 | 3820 | 43.11 | 4243 | 41.07
SO; (total), % 777 9.65 11.63 607 | 812 | 1021 | 522 | 737 | 9.50
3,
SOs (ag.s.), % 237 2.65 238 181 | 226 | 221 162 | 197 | 1.98
CaO (total), % 18.12 | 18.61 1907 | 19.13 | 2275 | 2650 | 1996 | 20.78 | 21.15
Ca0 (aq.s.), % 470 428 3.10 480 | 475 | 452 | 526 | 467 | 358
MgO % 3.02 3.16 3.09 212 | 217 | 220 | 167 | 170 | 172
Humidity, % 2.05 1.88 1.85 305 | 204 | 219 | 233 | 085 | 148
4, | POsassimiPOstota | g4 95 | 906 | 9855 | 96.18 | 97.07 | 97.94 | 99.50 | 99.58 | 99.70
1)x100, %
5. (onsafiszfg“"tal) 8735 | 9075 | 92.04 | 8830 | 9090 | 92.70 | 9125 | 92.90 | 95.53
s /0
6. Kp according 8586 | 89.76 | 97.04 | 8930 | 9239 | 9579 | 98.60 | 98.90 | 99.39
P»0Osassim, %
Kextr. according
7. Ca0 in aqueous 2594 | 2300 | 1626 | 2509 | 2088 | 17.06 | 2635 | 2247 | 16.93
solution, %
Degree of SO3
8. extraction into 3050 | 2746 | 2046 | 29.82 | 27.83 | 21.64 | 31.03 | 26.73 | 20.84
aqueous solution, %

Therefore, further research on the decomposition of tricalcium phosphate with phosphoric
acid with partial replacement of P,Os with sulfuric acid were carried out with 20% thermal
phosphoric acid containing 1% each of ammonium nitrate and magnesium sulfate. The results
obtained are shown in Table 3.

Further research on the decomposition of tricalcium phosphate with phosphoric acid with
partial replacement of P,Os with sulfuric acid were carried out with 20% thermal phosphoric
acid containing ammonium nitrate (1%) and magnesium sulfate (1%).

Evaporation of these acids allows obtaining phosphoric acid containing 24.17-19.33%
P,0s and 5.04-8.21% SO3, as well as 32.22-25.77% P,0s and 5.54-9.79% SO;.

When decomposing tricalcium phosphate with thermal phosphoric acid with an initial
concentration of 16.10% P»,Os and containing 4.54% SOs3, the content of P05 is 20.95%
P,0saq.s 19.89%, P,Osassim. 18.42%. With an increase in the amount of replacement of P>Os
with sulfuric acid, the ratio of assimilated forms to the total form increases from 94.94% to
96.14% and 98.86% and aqueous from 87.92% to 90.86% and 92.55%, respectively. The
decomposition rate of tricalcium phosphate increases from 85.83% to 89.97% and 97.67%.

When using more concentrated phosphoric acid, the content of the total form of SOs is
3.90-6.96% and aqueous 1.34-1.54%. SO; extraction coefficient into the liquid phase, with
increasing proportion of H,SO4 decreases and amounts to 35.26-22.24% and 34.36-22.19%
and 35.43-22.13%.

Table 3. The effect of partial replacement of phosphoric acid containing ammonium nitrate and
magnesium sulfate with sulfuric acid on the chemical composition of the pulp.

Content of components in pulp, mass. %
No. Indicators When replacing H3PO4 with H2S04, %
10 20 30 10 20 30 10 20 30

Initial concentration of
1. P20s in WPPA. % 16.10 14.52 12.89 | 24.17 | 21.78 19.33 3222 | 29.04 | 25.77

Initial concentration of
2. SOs in WPPA, % 4.54 5.58 6.64 5.04 6.60 8.21 5.54 7.63 9.76
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Content in pulp:
P0s (total.), % 2095 | 1970 | 1840 | 29.07 | 2929 | 2547 | 36.04 | 33.80 | 31.50
P,0s (assim.), % 1989 | 1894 | 18.19 | 27.94 | 2827 | 2494 | 3574 | 3358 | 3135
P20s (aq.s), % 1842 | 17.90 | 17.03 | 2564 | 2676 | 23.66 | 32.96 | 31.60 | 30.30
SO (total), % 390 | 466 | 553 | 390 | 509 | 631 | 398 | 546 | 6.96
3 SOs (ag.s.), % 134 | 136 | 123 | 134 | 150 | 140 | 141 | 155 | 154
CaO (total), % 885 | 896 | 9.07 | 1228 | 1242 | 1062 | 1522 | 1538 | 1551
CaO (agss.), % 268 | 225 | 186 | 371 | 320 | 224 | 462 | 391 | 339
MgO % 148 | 148 | 147 | 137 | 136 | 136 | 127 | 127 | 126
N % 029 | 029 | 0290 | 027 | 027 | 027 | 025 | 025 | 025
Humidity, % 5127 | 51.86 | 5245 | 3698 | 37.88 | 3877 | 24.74 | 2588 | 27.06
4. (PZOSaSS;‘z)‘(;Pi/OS“’ml')X 9494 | 96.14 | 98.86 | 96.11 | 96.52 | 97.92 | 99.17 | 9935 | 99.52
, /0
5. | (POas 0N k700 | 9086 | 9255 | 8820 | 9136 | 9289 | 9145 | 9349 | 9619
6. Kp according 85.83 | 89.97 | 97.67 | 89.11 | 90.96 | 9575 | 97.68 | 98.31 | 99.02
P>0sassim, %
7, | KextraccordingCaOin | 5050 | o511 | 2051 | 3021 | 2576 | 2109 | 3036 | 2542 | 21.86
aqueous solution, %
Degree of SO3
8. extraction into aqueous 3526 | 29.18 22.24 3436 | 2947 | 22.19 35.43 28.39 22.13
solution, %

Table 4 shows the results of the process of drying the decomposition products of
tricalcium phosphate with 20% thermal phosphoric acid containing 1% ammonium nitrate
and magnesium sulfate, replacing 10%, 20% and 30% P,Os with sulfuric acid.

The pulps were dried in a drying oven at a temperature of 105 °C until the moisture
content was less than 3%. The table shows that during the drying process, due to the removal
of moisture, the content of the total form of P,Osincreases to 41.28% when using acid 16.10%
P,Os with a content of 4.54% SOs and decreases to 39.35% P,Os for acid 14.52% P,Os and
5.58% SOsand up to 37.63% P,Os for acid 12.89% P,Os and 6.64% SOs.

The content of the assimilated form is 39.52%, the aqueous form is 36.42-35.08%. At the
same time, the ratio of the assimilated form to the total form increases from 95.74% when
replacing 10% P,Os with sulfur to 96.90% when replacing 20% P,Os and to 99.70% when
replacing 30% P,Os. The ratio of the water-soluble form to the total form is, respectively,
88.23%, 91.26% and 93.22%.

The decomposition coefficient is 88.07%, 91.94% and 99.39% when replacing 10%, 20%
and 30% P»Os with sulfuric acid. The use of more concentrated phosphoric acid with the
replacement of 10, 20 and 30% P,Os with sulfuric acid allows obtaining a product with a
higher degree of decomposition.

When decomposing tricalcium phosphate with phosphoric acid containing 24.17% P,Os
and 5.04% SOs, the degree of decomposition is 91.20%, and with acid 32.22% P,Os and
5.54% SOs3, it is 98.04%.

The highest results of the decomposition coefficient were obtained when phosphoric acid
was evaporated to a content of 32.22-25.77% P,0s and 5.54-9.76% SOs. The SO; content of
both total and aqueous forms in dried products increases with increasing proportion of
sulfuric acid.
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Table 4. The effect of partial replacement of phosphoric acid containing ammonium nitrate and
magnesium sulfate with sulfuric acid on the chemical composition of the product.

Content of components, mass. %
No. Indicators When replacing H3PO4 with H2S04, %
10 20 30 10 20 30 10 20 30
1. lnﬁ%jﬁ?iﬁ;ﬁ?&, of | 1610 | 1452 | 1289 | 2417 | 2178 | 1933 | 3222 | 2004 | 2577
2. Imgg‘:&“@;;gf}‘;}: of | 454 | 558 | 664 | 504 | 660 | 821 | 554 | 763 | 976
Content in product:
P,0:s (total.), % 4128 | 3935 | 37.63 | 4517 | 4569 | 41.60 | 4694 | 4452 | 41.77
P,0s (assim.), % 3952 | 3813 | 3751 | 4375 | 44.54 | 4106 | 4661 | 4429 | 41.68
P,0s (aq.5), % 3642 | 3591 | 3508 | 40.17 | 42.17 | 39.18 | 4330 | 4197 | 40.62
SO; (total), % 749 | 931 | 1131 | 606 | 794 | 1007 | 518 | 7.19 | 9.23
3 SOs (aq.s.), % 302 | 306 | 287 | 232 | 256 | 270 | 188 | 218 | 234
CaO (total), % 1744 | 1790 | 1855 | 19.08 | 1938 | 1695 | 19.82 | 2026 | 20.57
Ca0 (ag.s.), % 6.14 | 507 | 437 | 664 | 556 | 425 | 647 | 575 | 495
MgO % 294 | 296 | 301 | 213 | 212 | 217 | 165 | 167 | 167
N % 057 | 057 | 057 | 042 | 042 | 042 | 032 | 032 | 032
Humidity, % 398 | 385 | 275 | 208 | 309 | 227 | 197 | 237 | 328
4. (P20535Si‘(‘)’(;1,’§>25‘°tal')” 9574 | 9690 | 99.70 | 96.86 | 9748 | 98.70 | 9930 | 99.48 | 99.78
5. (onsaqiz(:)l?;:mtal)x 8823 | 9126 | 9322 | 8893 | 9229 | 94.18 | 9225 | 9427 | 97.25
6. | Kb acc"rdi‘})/go P0sassim, | ¢e07 | 9194 | 9939 | 9120 | 9345 | 9734 | 98.04 | 9865 | 99.55
7. Kz’;tzé 2‘;‘:’;‘:{350%%“ 3521 | 2832 | 23.56 | 34.80 | 28.69 | 25.07 | 3264 | 2838 | 24.06
8. El‘iﬁr:;u"eiig;i’l‘:tﬁ;“% 4032 | 3287 | 2536 | 3828 | 3224 | 2681 | 3629 | 3032 | 25.35

4 Conclusion

It has been established that the highest results of the decomposition coefficient were obtained
when phosphoric acid was evaporated to a content of 32.22-25.77% P»,0s and 5.54-9.76%
SOs;. The SO; content of both total and aqueous forms in dried products increases with
increasing proportion of sulfuric acid. The proportion of the water-soluble form of SO3
relative to the total form when replacing 10% P,Os with sulfur changes from 40.32% to
36.29%, when replacing 20% from 32.87% to 30.32%, and when replacing 30% from 25.36%
to 25.35%. When the portion of sulfuric acid increases to 20%, the degree of decomposition
increases to 93.45% and to 99.55% when replacing 30% P,Os with sulfuric acid.
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