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Abstract:

Objective. The article introduces a predetermination of the possibility of a reaction and therefore
of the salt composition of the final products which, due to the complexity of the original and final
products, is extremely difficult. Therefore, the reaction of tricalcyphosphate, calcium carbonate,
magnesium, iron oxides and aluminium, i.e. those which are possible during the production of
phosphorus sulfur-containing fertilizers, was analysed.

Methods. Thermodynamic analysis makes it possible to predetermine the possibility of a reaction
and therefore the salt composition of the final products, which are extremely complex due to the
complexity of the original and final products.Therefore, the reaction of tricalcyphosphate, calcium
carbonate, magnesium, iron oxides and aluminium, i.e. those which are possible during the production of
phosphorus sulfur-containing fertilizers, was analysed.

For each reaction we found the isobarn-isothermic potential and judged the possibility of a
reaction (negative value G).Thermodynamic calculations of possibilities of formation of phosphates and
sulphates of calcium, magnesium, iron, aluminium in process of production of sulfur-containing
nitrogen-phosphorus fertilizers were carried out according to simplified formula AG=AH-TAS Thermal
capacity excluded.

Results. The phosphates of the Central Kyzylkum differ substantially from the phosphate Karatau
in chemical composition and therefore the main contribution to the thermal effect of the interaction of
phosphate with phosphate and sulfuric acids are the processes of interaction with tricalcyphosphate and
calcium carbonate.

Conclusion. 96% the thermal effect of the interaction of phosphate CK is the interaction of
tricalcyphosphate and calcium carbonate with phosphoric acid and 95,4% with sulphuric acid. The heat
effects of the other components do not exceed 4-4,6%.

Keywords: thermodynamics, thermodynamic calculations, thermodynamic characteristics,
thermodynamic  analysis, phosphate Karatau and Kyzylkum, isobarn-isothermicpotential,
Tricalcyphosphate, sulphuric acid, phosphoric acid, nitric acid, calcium and magnesium-containing
minerals, heat-treated dolomite, calcium and magnesium hydro phosphate, thermal effect.

Introduction. The processes for producing sulfur-containing nitrogen-phosphorus-containing
fertilizers by decomposing phosphate raw material with phosphate and sulphuric acids are
based on the reaction of the components of the raw material with acids, which may lead to the
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formation of various compounds of phosphates and sulphates,of the raw material. Literary
sources do not adequately cover the theory of the processes to be studied and very little
information is available in this area.

Methods. Thermodynamic calculations carried out when extracting phosphoric acid from
washed Central Kyzylkumphosphate. It is shown that the greatest thermal effect is observed
in the interaction of calcium oxide, magnesium and calcium silicate with sulphuric acid, that
the thermal effect of free calcium oxide is equal to the contribution of burned phos-
Concentrate that the free oxide of calcium is more actively involved with water than with
nitric and phosphoric acids [1].

Thermodynamic calculations of the processes of decomposition of calcium and magnesium-
containing minerals with phosphoric acid at a temperature of 298 K were carried out and the
thermodynamic characteristics of interaction of components of minerals with acid were
determined.

Thermodynamic analysis has shown that the most likely reactions in the interaction of
calcium and magnesium carbonates are processes that produce dihydrophosphates of calcium
and magnesium, with magnesium carbonate more easily interacting with phosphoric acid.

Reactions of the interaction of calcium and magnesium carbonates with orthophosphoric acid
occuranologically in the formation of calcium and magnesium hydrophosphates. G formation
of magnesium hydrophosphate is less than formation of calcium hydrophosphate. In the
interaction of calcium carbonates and magnesium, the probability of formation of
dihydrophosphates is higher than that of hydrophosphates. To produce calcium and
magnesium hydrophosphates, the phosphoric acid requirement shall be less than 2 times the
dihydrophosphate requirement at the same temperature — 298 K.

Based on chemical analysis, the calcareous compositions of chalk, limestone and dolomite
and their compositions after heat treatment are calculated, the heat emitted in the formation of
dihydrophosphates and hydrophosphates of calcium and magnesium, and their contribution to
the overall heat effect of the process.

The thermal effects of the interaction of calcium carbonate and magnesium in the
composition of dolomite are 56.34-63.71% of the total thermal effect. The thermal effect of
heat-treated dolomite is 511.0 kJ/kg for calcium and magnesium dihydrophosphates and
481.0 kJ/kg for hydrophosphates.

Their contribution to the overall heat effect of the process is greater than that of the non-
flammable dolomite and is 70,06-71,82% [2].

The main minerals composing the phosphate ores of the Central Kyzylkum are:calcite (30-
50%), Fluorcarbonatapatitis (25-55%) and clay minerals (3-25%); secondary minerals -
gypsum, gotit, pyrite, quartz. The main useful mineral, fluorcarbonatapatite (Francolite), is
concentrated in granulated material. Cement is represented by a fine or pelite material
consisting of calcite and clay [3].

Results. Thermodynamic analysis makes it possible to predetermine the possibility of a
reaction and therefore the salt composition of the final products, which are extremely
complex due to the complexity of the original and final products. Therefore, the reaction of
tricalcyphosphate, calcium carbonate, magnesium, iron oxides and aluminium, i.e. those
which are possible during the production of phosphorus sulfur-containing fertilizers, was
analysed.

For each reaction we found the isobarn-isothermic potential and judged the possibility of a
reaction (negative value G).Thermodynamic calculations of possibilities of formation of
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phosphates and sulphates of calcium, magnesium, iron, aluminium in process of production
of sulfur-containing nitrogen-phosphorus fertilizers were carried out according to simplified
formula AG=AH-TAS Thermal capacity excluded. The results are presented in the table 3.1.

Thermodynamic analysis has shown that the most likely reactions to the interaction of
tricalcyphosphate, calcium and magnesium carbonates, iron oxides and aluminium are
processes that form calcium and magnesium dihydrophosphates, iron phosphates and
aluminium, andtricalcyphosphate is easier to interact with phosphorus and sulfuric acids.
Isobarn-insulated reaction potential of tricalcyphosphate is smaller (-197 and -220 kJ/mol)
than that of calcium carbonate, magnesium, iron oxides, aluminium with phosphoric acid (-88
and-160 kJ/mol).

Table 1. Thermodynamic characteristics of the main reactions in phosphorus sulphide
decomposition of phosphate raw materials

;\/@p reaction ﬁg} rr212)8| AS®508,J/molhail ﬁ%fi
When the phosphate feedstock is degraded with phosphoric acid
1, Ca3(PO,),+4H3P0O4+3H,0=3Ca(H,P0,),-H,0 -142 -109 -197
2. CaCO3+2H3;P0O,=Ca(H,P0O,),-H,0+CO, -38 176 -88
3. MgC03+2H3PO4+HzO:Mg(H2P04)2‘2H20+COZ -48 76 -94
4, Fe,03+2H3P0O, =2FePO,+3H,0 -70 105 -101
5. Al;03+2H3P0O4 =2A1P04+3H,0 -93 121 -127
When the phosphate feedstock is decomposed with sulphuric acid
1. Cag(PO4)2+2HzSO4+5H2023C8.(H2PO4)2'H20+
2CaS0,2H,0 -268 -252 -220
2. CaCO3+H,S0O4+H,0 =CaS0,4-2H,0+CO, -110 89 -134
3. MgCO3+2H,S0,4+H,0=MgSO,-7H,0+CO; -137 80 -119
4, Fe,O3 + 2H,S0,4 + H,O = 2F62(SO4)3 -183 65 -154
5. Al,O3 + 2H,S0O4 + H,0 = 2A|2(SO4)3 -187 -72 -160

Iron oxides and aluminium are more likely to interact with phosphoric acid than calcium and
magnesium carbonates. The isobarn-insulated potential of iron and aluminium oxides is -101
J/mol and -127 J/mol, while the values for magnesium carbonates and calcium are -94 J/mol
and -88 J/mol.

The probability of interaction of iron oxides and aluminium with sulphuric acid is also
slightly higher than in the interaction of calcium and magnesium carbonates.

The results show that when the components of phosphate raw material (phosphate Karatau
and central Kyzylkum) interact with phosphoric acid, all the components are subjected to
interaction to form acid-like forms,while the interaction with sulphuric acid produces calcium
sulphate dihydrate in the precipitation.

Table 2 shows the thermal effects of the reactions of the main components of Caratau
phosphate with phosphate and sulphuric acids, showing that the main contribution to the
thermal effect of Caratau phosphate interaction with phosphate phosphate and sulfuric acids
contribute to the interaction of acids with tricalcyphosphate 89.8% and 85.9% respectively
with phosphoric and sulphuric acids. The contribution of the rest of the raw materials to the
heat effect is small and is 10,2% u 14,1%.
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Table 2. Thermal effects of Karatau phosphate reaction with phosphoric and sulphuric

acid

Main components of

Average chemical

Heat at decomposition,

Contribution

phosphate composition, by kJ/kg to total heat,
mass. % %
When the phosphate feedstock is degraded with phosphoric acid
Caz(POy), 55,5 142-0,555=78,8 89,8
CaCO; 11,8 38:0,118=4,5 5,1
MgCOs 55 48-0,055=2,6 3,0
Fe,O3 0,8 70-0,008=0,6 0,7
Al,O3 1,3 93.0,013=1,2 1,4
other 25,1 - -
Total: 87,7 100
When the phosphate feedstock is decomposed with sulphuric acid
Ca3(PO4), 55,5 268-0,555=148,7 85,9
CaCOg3 11,8 110-0,118=13,0 7,5
MgCO3 55 137-0,055=7,5 4,3
Fe,O3 0,8 183-0,008=1,5 0,9
Al,O3 1,3 187-0,013=2,4 14
other 25,1 - -
Total: 173,1 100

Table 3 shows the thermal effects of reactions of phosphate reaction of Central Kyzylkum

with phosphoric and sulp

huric acids.

Table 3. Thermal Effects of Central Kyzylkum Phosphate Reaction with Phosphoric
and Sulphuric Acid

Main components of

Average chemical

Heat at decomposition,

Contribution

phosphate composition, by kJ/kg to total heat,
mass. %o %
When the phosphate feedstock is degraded with phosphoric acid
Ca3(POy), 38 142.0,38=54,0 73,1
CaCOg3 44,5 38-0,445=16,9 22,9
MgCO3 1,9 48-0,019=0,9 1,2
Fe,O3 1,0 70-0,01=0,7 0,9
Al,O3 15 93.-0,015=1,4 1,9
other 13,1 - -
Total: 73,9 100
When the phosphate feedstock is decomposed with sulphuric acid
Caz(PO,), 38 268-0,38=101,8 64,4
CaCOg3 44,5 110-0,445=49,0 31,0
MgCQO3 1,9 137-0,019=2,6 1,7
Fe,0O3 1,0 183-0,01=1,8 1,1
Al,O3 1,5 187-0,015=2,8 1,8
other 13,1 - -
Total: 158,0 100

Discussion. The phosphates of the Central Kyzylkum differ substantially from the phosphate
Karatau in chemical composition and therefore the main contribution to the thermal effect of

167




HEM EUROPEAN MULTIDISCIPLINARY JOURNAL OF MODERN SCIENCE

MS https://emjms.academicjournal.io/index.php/ Volume:5
the interaction of phosphate with phosphate and sulfuric acids are the processes of interaction
with tricalcyphosphate and calcium carbonate.

Conclusion. The results show that when the components of phosphate raw material
(phosphate Karatau and central Kyzylkum) interact with phosphoric acid, all the components
are subjected to interaction to form acid-like forms,while the interaction with sulphuric acid
produces calcium sulphate dihydrate in the precipitation.96% the thermal effect of the
interaction of phosphate CK is the interaction of tricalcyphosphate and calcium carbonate
with phosphoric acid and 95,4% with sulphuric acid. The heat effects of the other
components do not exceed 4-4,6%.
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