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ABSTRACT

The influence of the temperature of washing water on the main indicators of fertilizer precipitates
obtained on the basis of mineralized mass (MM) and phosphorite flour (PF) has been studied. For
laboratory experiments, MM with the following composition (weight, %) were used: 14.60-P20s,
43.99-Ca0;14.11-CO2, 1.58-S03; Ca0:P20s=3.01 and PF, which has the following composition
(weight,%):17.76-P20s, 47.51-Ca0; 5.27-i.r.; Ca0:P20s=2,68. The optimal temperature of washing
water can be considered 80-90°C of both phosphate raw materials (PRM). Under optimal
parameters, the following formulations of fertilizer precipitates (weight.%) are
ObtainedZP205tota|.=21.60-22.65;PZOSacceptabIe by citric acid:11-42'12-19; P2Oswater solubility=2.08-2.20;
CaOtota|,=40.89-41.40; Ca.OacceptabIe by citric acid.=22.12-23.07; CaO water solubility=4.03-4.26; Niota=1.69-1.79
based on MM and P20stota.=24.86-26.07; PZOSacceptabIe by citric acid=13.19-14.08; P20swater solubility=2-40'
2.57; CaOrwota=45.19-45.41; CaOacceptabIe by citric acid=24.54-25.37; CaOwater solubility =4.25-4.48;
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Nwtar.=1.78-1.90 based on PF. The degree of washing of fertilizer precipitates from Ca(NOs3)2 is
97.82-98.01 and 97.75-97.98%, respectively for MM and PF.

Keywords: Mineralized mass; phosphorite flour; nitric acid; acid concentration; temperature of

washing water.
1. INTRODUCTION

Currently, the pressing tasks in the field of
production of phosphorous fertilizers are:
increase their production volume, expand the
range, engage in processing of poorer raw
materials in the content of P20s (PM) and
phosphate waste (mineralized mass (MM), which
is formed during thermal enrichment of the
Central Kyzylkum (CK) phosphorites), and
maximize the cost of production. To date, the
phosphoric industry is experiencing a shortage of
quality phosphate raw materials. In this regard,
the search for methods of reduction of their
production, involvement in the sphere of their
production of non-conventional phosphorites,
increasing the concentration and efficiency of
phosphorus fertilizers is of great importance for
the farming of the Republic. At the moment,
scientific and research works on the acid
processing phosphorites of the Central Kyzylkum
for various types of fertilizers by scientists of
Uzbekistan, including scientists of the Institute of
General and Inorganic Chemistry of the
Academy of Sciences of the Republic of
Uzbekistan and the Tashkent Chemical and
Technological Institute, are being successfully
and actively conducted. Many works are devoted
to hydrochloric acid processing with the
production of single fertilizer - fertilizer precipitate
[1-4]. The only drawback of these works is the
problem of the disposal of calcium chloride
solutions, which is formed during the processing
of phosphorites with hydrochloric acid. In the
work [5] the production of nitrogen-phosphoric
fertilizers on the basis of the decomposition of
poor phosphorites of Central Kyzylkum with a
mixture of phosphoric and sulfuric acids is
studied. The disadvantages of this work are the
use of phosphoric and sulfuric acid, which are
expensive in our country. The works [6-9] are
devoted to the nitric acid processing of
phosphorites of the Central Kyzylkum with the
production of nitrocalcium phosphate fertilizers.

The first time in world practice Sh.Namazov and
other scientists have developed a highly
intensive and resource-saving technology for
obtaining nitrocalcium phosphate fertilizer by
decomposition of ordinary phosphate powder of
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the Central Kyzylkum with an incomplete norm of
nitric acid, which was applied at JSC
"Samarkandkimyo". The advantages of nitric acid
processing of phosphates are that it uses nitric
acid bilaterally: as a source of active hydrogen
ion and as a carrier of nitrogen - a useful
compound of fertilizers. It does not impose high
requirements on phosphate raw materials, as
sulfuric acid processing. Its disadvantages: loss
of nitrogen oxides into the gas phase; abundant
foam formation when the carbonate phosphorites
are decomposed; energy intensity of the process
of releasing calcium nitrate; increase in the
hygroscopic nature of the product with the
presence of calcium nitrate in it. Despite the
above mentioned disadvantages of nitric acid
processing, this method is more promising and
expedient. Therefore, in the works [10-12], the
production of fertilizer precipitates was studied.
As well as the influence of technological
parameters on the qualitative indicators of the
received fertilizers is investigated.

The influence of the amount of washing water
and the concentration of nitric acid in the
production of a chemical enriched phosphate
concentrate-semiproduct for the production of
concentrated single and complex fertilizers was
studied in [13-14]. Based on these works, the
study is important of the influence of the
temperature of washing water and the
concentration of nitric acid in the acid processing
of the CK phosphorites. But in these work were
not studied the influence of the temperature of
washing water on the basic indices of fertilizer
precipitates (P20st, CaOt, P20sws, CaOws. and
N:) obtained from mineralized mass (MM) and
phosphorite flour (PF).

It is known from the data [15] that the solubility of
calcium nitrate in water strongly depends on
temperature. For example, at 20°C solubility of
nitrate of calcium is equal 128,8 g in 100 g water,
at 30°C 149,4 g, at 40°C 189 g, at 60°C - 359 g,
and at 100°C — 363 g.

It is known that calcium nitrate is a very
hygroscopic substance and it impairs the product
properties of the obtained fertilizers. Therefore, in
order to maximally remove calcium nitrate from
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the resulting fertilizer precipitates, we decided to
study the effect of the temperature of the
washing water.

This paper presents the results of studies to
determine the effect of the temperature of
washing water on the basic indices of fertilizer
precipitates (P20st, CaOt, P20sws, CaOws. and
Nt) obtained from mineralized mass (MM) and
phosphorite flour (PF).

2. METHODS AND MATERIALS

For laboratory experiments, MM with the
following composition (weight, %) were used:
14.60 - P20s, 43.99 - CaO; 14.11 - CO2, 1.58 -
SOs; 10.82 - ir.; CaO: P20s = 3.01 and PF,
having the following composition (weight,%):
17.76 - P20s, 47.51 - CaO0; 13.93 - CO2, 3.27 -
SOs; 5.27 i.r.; CaO P20s = 2.68. The
concentration of nitric acid varied from 50 to
59%. The norm of nitric acid was taken 110% of
stoichiometry for the formation of CaHPO4. The
decomposition of the phosphorus raw materials
(PRM) was carried out on a laboratory
installation consisting of a tubular glass reactor
equipped with a screw mixer driven by an electric
motor. The reactor without artificial heating, the
temperature of the mixture developed to 35-40°C
due to the heat of exothermic reactions. The
duration of the decomposition process was 25-30
min. After decomposition, the required amount of
water was added to the obtained nitrogen
phosphate pulp to avoid negative influence
during separation and deterioration of its
filtration. After the addition of water, the nitrogen
phosphate suspension was neutralized by the
water solution Ca(OH)2 to medium pH=4.5-5.0,
after which the neutralized precipitate
suspension was divided into solid and liquid
phases on the Buchner funnel, with a discharge
of 0.65 mm Hg. through two layers of filtering
paper. The remaining water residue on the filter
was washed once with different temperature of
washing water 20, 30, 40, 50, 60, 70, 80, 90 and
100°C at the weight ratio PRM:H20 = 1: 2.0. The
washed single fertilizers was dried together with
the filter paper in the drying cabinet at a
temperature of 90°C. Dried samples of single
fertilizers were analyzed according to well-known
methods [16].

The degree of washing of precipitate from

Ca(NOsz)2 was calculated by the formula,
p= 1— mprecip * Wca(Noy), .100%
Mpgm '2’9286'wCaOtota‘I where
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Mpgry - the mass of the initial phosphorite raw
material, @caototal. - the mass of the CaO in the

initial PRM, Mprecip. - the mass of the obtained

fertilizer the mass

precipitate,  @Dcano,),

fraction of Ca(NOs)2 in the fertilizer precipitate.
2.9286 — ratio of molar masses Ca(NO3z)2 and
CaO accordingly to reaction of CaO + 2HNO3 =
Ca(NOs)2 + H20.

3. RESULTS AND DISCUSSION

The results of obtained data on reception of
fertilizer precipitates on the basis of MM are
given in tables 1,2. The tables results shows that
at the concentration of HNOs 50% with a change
of temperature of washing water from 20°C to
100°C, i.e., with an increase the temperature of
washing water the content of P2Ost in samples
of fertilizer precipitates increases from 21.14 to
21.66%, the content of CaO:. decreases from
41.37 to 40.87%, and the number of P20sws. ,
CaOw.s. and Nt decreases from 2.35 to 2.07, from
427 to 4.01% and from 190 to 1.68%
respectively. The degree of washing of fertilizer
precipitate from Ca(NO3)2 increases from 97.22
to 98.05%. This indicates that due to the removal
of calcium nitrate from a wet product, the quality
of fertilizer precipitate is improved. When the
temperature of washing water 20°C with
increases concentrations of nitric acid from 50 to
59%, the nitrogen content in the precipitates
increases from 1.90 to 1.99% and the degree of
washing of precipitate from Ca(NOs)2 decreases
from 97.22 to 96.59%.

There is a sufficient amount of Ca(NO3)2 remains
in the composition of the precipitates, which is a
hygroscopic  substance. When a high
temperature of water is used (for example, at
temperatures — 80 and 90°C), the Ca(NO3)2
content in the precipitation is reduced to a
minimum. So, the optimal temperatures of
washing water could be considered 80 and 90°C.
A similar pattern is observed in the case of high
concentrations of HNOs 55 and 59%. However,
the quality of fertilizer precipitates is reduced
accordingly due to incomplete washing
Ca(NO3z)2. Based on these data, it can be
assumed that all concentrations of nitric acid are
optimal. The use of higher concentrations of
HNOs is due to the fact at lower acid
concentrations formed a huge amount of foam,
which reduces the productivity of the reactors.
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Table 1. The main composition of fertilizer precipitates

Temperature of washing water 20 30 40 50
Concentration of nitric acid 50 55 59 50 55 59 50 55 59 50 55 59
P20s:t. 21.14 21.68 22,08 21.18 21.73 2212 21.27 21.82 22.23 21.36 2191 22.32
P20sac.ca by 2 %-citric acid 11.66 1197 1241 11.64 1194 1238 1160 111 12.34 1156 11.87 12.29
P20s ws. 2.35 2.39 2.42 2.32 2.36 2.39 2.28 2.32 2.36 2.23 2.27 2.32
CaO. 41.37 4158 4184 4132 4153 41.80 41.27 41.49 41.75 41.18 4140 41.66
CaOac.ca by 2%-citric acid 2239 2272 2334 2235 2269 2331 2232 22.66 2.28 2228 22.62 23.24
CaOuws. 4.27 4.38 4.53 4.24 4.34 4.49 4.21 4.30 4.45 4.18 4.27 4.41
Nt. 1.90 1.94 1.99 1.87 1.91 1.97 1.84 1.88 1.94 1.81 1.85 1.91

Degree of washing of precipitate from 97.22 9705 9659 9740 97.32 97.23 9758 9753 97.42 9769 9762 9751
Ca(NOs3)2, %

Table 2. The main composition of fertilizer precipitates

Temperature 60 70 80 90 100

of washing

water

Concentration 50 55 59 50 55 59 50 55 59 50 55 59 50 55 59
of nitric acid

P20Os;. 21.46 2200 2242 2156 2209 2251 21.60 2207 2261 21.64 22.10 22.65 21.66 22.12 22.67

P2Osac.c.a by 2 11,50 11.82 1224 1145 11.79 1221 11.43 11.77 12.19 11.42 11.75 12.17 11.43 11.76 12.18
%-citric acid

P20s s, 2.19 2.22 2.28 2.15 2.19 2.25 2.10 2.15 2.22 2.08 2.13 2.20 2.07 2.12 2.19
CaO:. 41.08 41.30 4156 40.99 4125 4148 4091 4116 4140 40.89 4114 4138 40.87 4112 41.36
CaOqc.ca by 22,21 2256 2319 2218 2251 2315 2213 2247 23.07 2212 2246 23.05 2211 2245 23.04
2%-citric acid

CaO . 4.13 4.22 4.36 4.09 4.18 4.32 4.04 4.13 4.26 4.03 412 4.25 4.01 4.10 4.23
Nt. 1.77 181 1.86 1.74 1.78 1.83 1.70 1.74 1.79 1.69 1.73 1.78 1.68 1.72 1.77
Degree of 97.78 97.71 97.60 9788 97.81 97.70 9798 9791 9780 98.01 97.93 97.82 98.05 97.96 97.85
washing of

precipitate

from Ca(NOs3)2,
%
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In further studies, PF was used with the above
composition. The methods of laboratory
experiments were identical as in the case of MM.
The obtained data are summarized in tables 3,4.
The tables results shows that at the
concentration of HNO3s 50% with an increase the
temperature of washing water from 20°C to
100°C the content of P2Os + in samples of
fertilizer precipitates increases from 24.30 to
24.92%, the content of CaO:. decreases from
45.56 to 45.17%, and the number of P2Osws. ,
CaOw.s.and Nt decreases from 2.63 to 2.38, from
448 to 4.23% and from 197 to 1.77%
respectively. The degree of washing of fertilizer
precipitate from Ca(NOs)2 increases from 97.45
to 98.00%. This indicates that due to the removal
of calcium nitrate from a wet product, the quality
of fertilizer precipitate is improved. When the
temperature of washing water 20°C with
increases concentrations of nitric acid from 50 to
59%, the nitrogen content in the precipitates
increases from 1.97 to 2.09% and the degree of
washing of precipitate from Ca(NOs). decreases
from 97.45 to 97.20%.

In this case, CaO: and CaOacc.a are decreased
proportionally by 2% citric acid from 45.56 to

45.17% and from 24.73 to 25.52%, respectively.
The content of CaOws. in the received fertilizer
samples are decreased from 4.48 to 4.23%, i.e.
decreases by 1.06 times. And the nitrogen
content decreases from 1.97 to 1.77%, i.e. it is
decreased by 1.11 times. The degree of washing
of fertilizer precipitate from Ca(NO3). increases
from 97.45 to 98.00%. A similar pattern is
observed at other acid concentrations. All acid
concentrations are optimal. So, the optimal
temperatures of washing water could be
considered 80 and 90°C, as in the case of MM.

And also from table data (Tables 1, 2 and 3,4) it
is visible, that similar regularity is observed both
at use of PF, but at the same time the content of
P20s:. in received samples of single fertilizers
more, than in case of single fertilizers received
from MM. The fertilizer obtained on the basis of
PF in all parameters has advantages over
fertilizer on the basis of MM. For example, the
content of P20s:. in the temperature of washing
water 80°C (the concentration of acid 50%) is
24.86% against 21.60% in fertilizer obtained on
the basis of MM, and at the temperature of
washing water 90°C in the same concentration of
acid it is 24.90% against 21.64%.
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58 55 50 20 «:*"@
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Fig. 1. Influence of nitric acid concentration and temperature of washing water on content of
P,Os:. in samples of fertilizer precipitates: 1-based MM; 2- based on PF
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Table 3. The main composition of fertilizer precipitates

Temperature of washing water 20 30 40 50
Concentration of nitric acid 50 55 59 50 55 59 50 55 59 50 55 59
P20s:t. 2430 25.06 25.67 2445 2510 2572 2461 2515 2579 2467 25.20 25.85
P20sac.ca by 2 %-citric acid 13.31 13.68 14.18 13.30 13.67 14.17 1329 13.66 14.17 13.28 13.65 14.16
P20s ws. 2.63 2.69 2.77 2.60 2.66 2.74 2.58 2.63 271 2.55 2.60 2.68
CaO:x. 4556 4566 4579 4551 4561 4574 4546 4556 4569 4542 4552 45.64
CaOac.ca by 2%-citric acid 2473 25.03 2559 2471 25.01 2557 2469 2498 2554 2467 24.95 25.51
CaOws. 4.48 4.57 4.69 4.45 4.54 4.67 4.42 451 4.64 4.39 4.48 4.61
Nt 1.97 2.01 2.09 1.95 1.99 2.07 1.93 1.97 2.04 1.91 1.95 2.01
Degree of washing of precipitate from 9745 97.37 97.20 9749 9742 9725 9757 9750 97.36 97.61 97.55 97.41

Ca(NOs)2, %

Table 4. The main composition of fertilizer precipitates

Temperature of 60 70 80 90 100
washing water

Concentration 50 55 59 50 55 59 50 55 59 50 55 59 50 55 59

of nitric acid

P20s:. 2471 2525 2590 2476 2530 2594 2486 2540 26.04 2490 2543 26.07 2492 2546 26.09

P20sac.ca. by 2 %- 13.25 13.63 14.14 13.23 13.61 14.11 13.20 13.59 14.08 13.19 13.57 14.06 13.18 13.56 14.05
citric acid

P20s5 ws. 2.52 2.58 2.66 2.48 2.54 2.62 2.42 2.48 2.57 2.40 2.46 2.55 2.38 2.44 2.53
CaOw. 4538 4547 4559 4531 4540 4551 4522 4531 4541 45.19 4528 45.38 45.17 45.26 45.35
CaOacca by 2%- 24.65 24.93 2548 24.61 24.88 2544 2456 24.83 2539 2454 2481 2537 2452 2479 25.35
citric acid

CaOuws. 4.36 4.45 4.58 4.32 4.41 454 4.27 4.36 4.48 4.25 4.34 4.46 4.23 4.31 4.42
Nt 1.88 1.92 1.98 1.85 1.89 1.95 1.80 1.84 1.90 1.78 1.82 1.88 1.77 1.80 1.86
Degree of 97.68 97.63 9748 97.75 9768 9755 9795 9788 97.75 9798 9791 97.79 98.00 97.93 97.81
washing of

precipitate from
Ca(NO3)2, %
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A similar pattern is observed at other acid
concentrations. Fig. 1 shows a large plot of the
effect of acid concentration and the temperature
of washing water on the content of P20s: in
samples of fertilizer precipitates obtained on the
basis of MM (1) and PF (2). These charts clearly
show the effect of nitric acid concentration and
the increase in the temperature of washing water
on the content of P20s:. in samples of fertilizer
precipitates. The graph shows that the
temperature of washing water has a more
effective effect on the contents of P20s: in
fertilizer precipitates than the concentration of
nitric acid. Because, the solubility of calcium
nitrate in water strongly depends on temperature.

For example, with an increase in the temperature
of washing water from 20 to 100°C at a
concentration of nitric acid 50% of the content of
P2Ost in samples of fertilizer precipitates is
increased by 0.52% in the case of MM. With an
increase in the acid concentration from 50 to
59% at the temperature of washing water of the
content of P20s in samples of fertilizer
precipitates increases by 0.94%. It is known that

phosphorous-containing  fertilizer used in
agriculture in its composition should contain at
least 50% of the acceptable forms of P20Os from
total P20s. All samples of received fertilizers
based on MM and PF meet this requirement.

It is known that the amount of CaOws. in the
obtained precipitates plays an important role,
since it determines the hygroscopic nature of the
received fertilizers. Therefore, the content of the
fertilizer obtained should be minimal. Fig. 2
shows the effect of the temperature of washing
water and the concentration of nitric acid on

CaOws. content in  samples of fertilizer
precipitates obtained on the basis of MM and PF.
Content CaOws. in the obtaining fertilizer

precipitates should be no more than 4.50%. This
data shows that CaOws. content in all acid
concentrations and temperature of washing
water is from 4.01 to 4.53% and from 4.23 to
4.69% for precipitates is appropriate on the basis
of MM and PF. At the optimal temperature of
washing water, it is from 4.03 to 4.26% for MM
and from 4.25 to 4.48% for PF.
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Temperature of washing water. °C

Fig. 2. Influence of the temperature of washing water and the concentration of nitric acid on
the content of CaOws. In samples of fertilizer precipitates: 1-based on MM; 2- based on PF.
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4. CONCLUSION

The possibility of involving poorer raw materials
with P20s (PM) and phosphate waste (MM) in
nitric acid processing has been shown. The
influence of the temperature of washing water
and the concentration of nitric acid on the
gualitative parameters of single fertilizers -
fertilizer precipitate, obtained on the basis of
mineralized mass (MM) and phosphorite flour
(PF) has been studied. The optimal temperature
of washing water was determined, which leads
an improvement in the quality of the fertilizer
precipitate. The optimal temperature of washing
water can be considered 80-90°C of both
phosphate raw materials (PRM). Under optimal
parameters, the following formulations of fertilizer
precipitates (weight.%) are obtained:
PZOStotaI.:21.60-22.65;P205acceptable by citric
acia=11.42-12.19; P20swater solubiliy=2.08-2.20;
CaOrtota.=40.89-41.40; CaOacceptable by

citric

acid.=22.12-23.07; CaO water solubility=4.03-4.26;
Niota.=1.69-1.79 based on MM and
P205total.:24.86-26.07; P205acceptable by citric

acid=13.19-14.08; P20swater  solubility=2.40-2.57;
CaOrota=45.19-45.41; CaOacceptabIe by citric
acid:24.54-25.37; CaOuwater solubility :4.25-4.48;
Ntotar.=1.78-1.90 based on PF. The degree of
washing of fertilizer precipitates from Ca(NO3)2 is
97.82-98.01 and 97.75-97.98%, respectively for
MM and PF.

Based on laboratory experiments, the possibility
of processing MM and PF for (fertilizer
precipitates that meet all the requirements of
agriculture is shown.
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