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Abstract: The article presents data on research of processes of obtaining concentrated phosphoric
acid from Karatau phosphate rock. The research of purification of wet-process phosphoric acid by
the method of liquid extraction with organic solvents is given. The influence of magnesium salts
and sulfuric acid as impurities on the distribution factor of phosphoric acid is determined. It is
shown that with increasing the initial concentration of phosphoric acid from 5.38 to 25.61% P20s,
the distribution factor at 25°C increases from 0.178 to 0.436 for n-butyl alcohol, from 0.06 to 0.183 for
isoamyl alcohol, and from 0.120 to 0.320 for tributyl phosphate. Increasing the temperature from 25
to 60°C had little or no effect on the distribution factor. It was determined that the distribution
factors of phosphoric acid depend on the initial concentration of phosphoric acid in the presence of
sulfuric acid. It is shown that phosphoric acid is extracted better with n-butanol. Extraction of
phosphoric acid with n-butanol on the principle of counterflow with subsequent azeotropic
distillation of the solvent allows to obtain relatively pure and highly concentrated (56-63% of P20s)
phosphoric acid. The process of dehydration of phosphoric acid in the presence of sulfuric acid in
the mixture was studied.
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1. Introduction

Mineral fertilizer companies in Central Asia and Kazakhstan use phosphorites of Karatau
phosphate deposit as phosphate raw material [1-3].

Phosphoric acid is the basis for concentrated phosphate fertilizer technology [4,5]. The cheapest
method of its production is currently the sulphuric acid method of phosphate raw material
decomposition. Application of this method to Karatau phosphorite gives acid with relatively low
content of P205 (18-20%), contaminated with impurities (magnesium, iron, aluminum salts, etc.). The
quantity and ratio of impurities are determined by the quality of phosphate raw materials and the
method of extraction phosphoric acid production. The total content of impurities in the acid is up to
15 mas. %. The main of them are fluoride ions, sulfate ions, iron, aluminum, calcium, magnesium,
sodium, potassium cations. Fluoride compounds are present in phosphoric acid in the form of
hydrofluoric acid, silicofluoric acid and in the form of their complex compounds with phosphoric
acid, aluminum, iron [6-10].

Attempts to increase the concentration of phosphoric acid by improving the technology or by
evaporation do not lead to positive results: with increasing the concentration of acid increases its
viscosity, violates the filtration mode, and during evaporation precipitation occurs [11,12].

At present there are new trends in the development of wet-process phosphoric acid production,
associated with modernization and development of new and more advanced methods of purification,
for example, with organic solvents (liquid extraction method) [13-16]. The main attention in the
development of liquid extraction purification methods is paid to the selection of an organic extractant
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with a high distribution factor. Relatively few works are devoted to the issue of phosphoric acid
extraction by solvents. N-butanol, isobutanol and isoamyl alcohol are widely used for the purification
of wet-process phosphoric acid from metal cations and fluorine [17,18].

By decomposition of phosphate raw materials with concentrated sulfuric acid, followed by
heating of the mixture and extraction with organic solvents, it is possible to obtain phosphoric acid
with high yield of P2Os [19-21].

Dehydration of pure phosphoric acid has been studied in detail in a wide temperature range
[22-24]. It was shown that the composition of dehydration products depends on the amount of P20s.

Dehydration of wet-process phosphoric acid [25-27] in the presence of impurities (R20s, F)
proceeds differently than pure; polymorphs appear at lower temperatures and their content is higher
than in the products of dehydration of pure phosphoric acid at the same total content of P20s. The
impurities generally increase the viscosity of the acid, and the presence of aluminum ions leads to
the formation of aluminum tripolyphosphate. No data on the dehydration of phosphoric acid in the
presence of sulfuric acid have been found. There is only an indication in the patent references that
H2SOs in small amounts in the dehydration of phosphoric acid leads to the formation of
ultrasulfophosphoric acid [28].

Thus, research aimed at finding optimal and effective methods of purification of technical
phosphoric acid is an urgent problem. The purpose of the present work is to obtain concentrated
phosphoric acid from technical phosphoric acid by liquid extraction with organic solvents. In the
work also the influence of the amount of sulfuric acid in the mixture on the process of dehydration
of phosphoric acid is studied.

2. Research Objects and Methods

The object of the study was wet-process phosphoric acid for production of mineral fertilizers,
obtained by dihydrate method from Karatau phosphorite (Table 1). Concentration of phosphoric acid
is 25% by P20s, temperature - 25°C.

Table 1. Analysis of raw material and technical phosphoric acid.

Raw material Content, mas. %
— Karatau P20s K20 CaO MgO R203 F S0O:s insoluble
phosphorite residue
26,81 41,68 1,96 0,79 17,05
Phosphoric 25 20,58 - 2,87 1,17 1,51 3,64 -
acid

To increase the concentration of phosphoric acid and its purification, the method of liquid
extraction with organic solvents was used [29-32]. Phosphoric acid is washed out of the solvent
with water according to the counterflow principle. Since technical acid contains free sulfuric acid,
various magnesium, iron and aluminum salts, as well as fluorine (SiFs) as impurities, the distribution
of pure phosphoric acid between water and n-butyl, isoamyl alcohol and tributyl phosphate was
studied in advance, depending on the temperature, concentration of phosphoric acid and
concentration of compounds contained in technical phosphoric acid as H250s, MgSOs, Mg(H2PO4)
impurities.

Experiments on the distribution of phosphoric acid between water and organic solvents were
carried out in a water thermostat, the temperature in which was regulated with an accuracy of +0.5°C.
Equal volumes of the aqueous and organic phases were placed in dividing funnels supported on a
disk in the thermostat. Stirring was carried out until equilibrium was established (15 min. in these
experiments). After stirring the funnels were left in the thermostat until complete separation of the
phases. To determine the acid concentration, samples were taken from the organic and aqueous
phases, diluted with water and titrated with 0.05n. NaOH in the presence of phenolphthalein. In the
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presence of sulfuric acid, the titration was carried out using two indicators - methyl alcohol and
phenolphthalein. The distribution factor was determined as the ratio of equilibrium concentrations
in the organic and aqueous phases, respectively.

In the next series of experiments, the influence of magnesium salts and sulfuric acid, present in
technical phosphoric acid as impurities, on the distribution factor of phosphoric acid was inquired.
The magnesium sulfate and monophosphate were used, the concentration of which varied from 0.5
to 2.5% in terms of MgO. The amount of sulfuric acid varied from 0.30 to 6.19% SOs.

Since technical phosphoric acid obtained from Karatau phosphorites always contains free
sulfuric acid along with magnesium salts, experiments were conducted to find out the influence of
sulfuric acid concentration on the distribution factor of phosphoric acid in the system HaPO+-MgSOs-
H2S04+-H20-n-butanol, isoamyl alcohol, tributyl phosphate.

In the next series of experiments, the extraction of technical phosphoric acid obtained by sulfuric
acid decomposition of Karatau phosphorites according to the dihydrate method with n-butyl alcohol
was studied.

Phosphoric acid was treated with a given amount of alcohol in the ratio of organic solvent: acid
equal to 4:1 and 3:1 three- or four times until almost complete extraction of phosphoric acid, the
extract was sent for treatment of a new portion of phosphoric acid.

The obtained extracts were subjected to azeotropic distillation to extract the solvent. Water was
added from a stoichiometric calculation for the formation of an azeotrope with n-butanol. The
distillation temperature was maintained between 45-64°C and pressure 410-420 mm Hg. Fluoric
acids, partially passing into the organic phase, complicate the process of distillation of the solvent
(stoppers of the distillation apparatus are clogged and corroded).

To remove this disadvantage, K25O4, MgSOs, Na:25Os were added to technical phosphoric acid
with the expectation of binding fluorine in the form of hard-soluble salts K2SiFs, Na:SiFs and MgFs
[33].

The process of dehydration of phosphoric acid in the presence of sulfuric acid was investigated
in wide intervals of ratios and temperatures. Mixtures of sulfuric and phosphoric acids were
prepared in the following molar ratios: P205:50s = 1:1; 1.7; 2.3; 3.3; 4.4. The experiments were carried
out in platinum crucibles. The initial mixtures were kept in the desiccator. The content of P>Os and
SO:s in the samples was determined by standard gravimetric methods. Hydrolysis of polyforms was
prevented by addition of cold alkali, and the qualitative composition of products was determined by
paper chromatography [34].

Thermograms of the initial mixtures were taken on the SDTQ600 thermal analyzer. The device
allows simultaneous recording of changes in sample mass (thermogravimetric analysis) and
processes accompanied by heat release or absorption (differential scanning calorimetry/differential
thermal analysis [35].

Heating of the mixtures from 100 to 300°C was carried out in an oven for 4 h. The temperature
was maintained with an accuracy of £5°C. Acid mixtures after heating had consistency from syrupy
to solidifying into a solid mass.

3. Results and Discussions

The results on the distribution of phosphoric acid as a function of initial concentration are shown
in Figure 1.
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Figure 1. Dependence of the distribution factor (K=Corg/Cage) on the concentration of initial
phosphoric acid at 25°C.

As shown in Figure 1, the more initial phosphoric acid concentration (from 5.38 to 25.61% P20s),
the more distribution factor (K=Corg./Caqe.) at 25°C (from 0.178 to 0.436 for n-butyl alcohol, from 0.06
to 0.183 for isoamyl alcohol, and from 0.120 to 0.320 for tributyl phosphate).

It was found out that when the concentration of sulfuric acid changes from 0.30 to 6.19%, the
distribution factor of phosphoric acid increases for all solvents used by 1.3-1.7 times. The distribution
factor of sulfuric acid strongly depends on its initial concentration, increasing for n-butyl alcohol
from 0.196 to 0.646, for isoamyl alcohol - from 0.077 to 0.240.

During the extraction of phosphoric and mixture of phosphoric and sulfuric acids, an increase
in the equilibrium volume of the organic layer is observed for both alcohols and tributyl phosphate.
An increase in temperature from 25 to 60°C has almost no effect on the distribution factor.

The presence of magnesium sulfate in phosphoric acid in the amount of up to 1.05% MgO also
hardly does not affect the distribution factor of phosphoric acid, and the presence of magnesium
monophosphate reduces it almost twice.

The results of studies to determine the effect of sulfuric acid concentration on the phosphoric
acid distribution factor in the HsPOs-MgSOs-H2504-H20-n-butanol, isoamyl alcohol, tributyl
phosphate system are summarized in Table 2. From a comparison of the data in Tables 2 and 3, it can
be seen that in the combined presence of magnesium sulfate and sulfuric acid affect the phosphoric
acid distribution factor as well as taken separately.

Table 2. Dependence of the distribution factor of phosphoric acid on concentration of MgSOs and
Mg (H2POs)2 (experimental conditions: HsPOs concentration 25% P20s, temperature 25°C).

MgO content | n-Butyl alcohol Isoamyl alcohol Tributyl phosphate
in the initial
solution, Corg. Caque. Ka Corg. Caque. Ka Cors. Caque. Ka
mas. % % % % % % %

P:0s | P20s P:0s | P20s P20s P20s

MgO in the form of MgSOs
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0,63 7,43 22,23 | 0,334 | 4,07 23,72 | 0,170 | 6,45 21,73 | 0,297
1,05 8,67 21,03 | 0,412 | 4,09 23,60 | 0,170 | 6,57 21,48 | 0,304
1,63 8,59 20,41 | 0421 | 437 23,41 | 0,190 | 6,75 21,16 | 0,319
2,10 8,73 22,16 | 0,394 | 4,68 2345 | 0,201 | 7,05 21,19 | 0,331
2,64 9,11 21,60 | 0,422 | 5,00 23,54 | 0,209 |736 21,24 | 0,347
MgO in the form of Mg(H2POx)2
0,56 8,79 23,87 | 0370 |45 26,09 | 0,154 | 6,66 23,28 | 0,286
1,02 7,47 24,84 0301 | 3,62 26,13 | 0,135 | 6,67 23,28 | 0,287
1,48 6,58 26,19 | 0,247 |3,14 26,19 | 0,119 | 583 23,65 | 0,248
2,04 5,57 25,02 0,221 2,67 25,94 0,105 5,37 24,44 0,217
2,44 4,55 2521 {0,184 |2,19 26,15 | 0,084 | 4,81 24,79 | 0,195

Table 3. Distribution factor of phosphoric acid in the system HsPOs-MgSOs-H2504-H20-organic
solvent (Experimental conditions: initial concentration of HsPOs - 25% P20s, MgO content 2.6% in the
form of MgSQOs, temperature - 25°C).

Known concentration | Equilibrium concentration of phosphoric acid, Ka
of SOs, % mas. % P20s
Corg. Caque.
n-Butyl alcohol
0,14 8,42 22,14 0,379
2,01 9,47 21,47 0,442
3,57 10,54 20,91 0,501
4,77 10,77 20,28 0,534
6,15 11,82 19,97 0,590
Isoamyl alcohol
0,13 4,78 23,14 0,204
2,02 5,82 22,98 0,251
3,57 6,85 22,65 0,301
4,75 7,37 21,89 0,335
6,12 8,19 21,60 0,378
Tributyl phosphate
0,13 6,98 21,10 0,330
2,02 7,90 2,92 0,377
3,58 8,28 20,55 0,402
4,77 8,49 19,95 0,425
6,15 8,91 20,02 0,443

It follows from the experiments that the distribution factors of phosphoric acid strongly depend
on the initial concentration of phosphoric acid in the presence of sulfuric acid. Phosphoric acid is
extracted better with n-butanol. At the phosphoric acid concentration of 25% P20s in the presence of
free sulfuric acid 3.57% SOs, the distribution factor reaches 0.500.

The waste aqueous phase was a gelatinous precipitate consisting of impurities that pass
insignificantly into the organic phase: mainly phosphates and sulfates of iron, aluminum and
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magnesium. The extraction results showed that there is a limiting concentration of >2Os in n-Butanol
corresponding to about 4.5-5%, above which phosphoric acid does not transfer to butanol. At
recycling leaching three times in the ratio 3:1 the consumption of phosphoric acid in relation to the
whole phosphorus pentoxide is 72-78 %.

After azeotropic volatilization of the solvent, the concentration of phosphoric acid reached 48-
55% by P20s. The solvent recovery in laboratory experiments was 86-90%.

To eliminate this disadvantage, K25Os, MgSOs, Na2SOs were added to the technical phosphoric
acid with the expectation of binding fluorine in the form of hard soluble salts K:SiFs, Na2SiFs and
MgFs. The results on extraction of such mixtures show that the additions of potassium and sodium
sulfates bind fluorine into insoluble compounds, which prevents its transfer to the organic phase. In
addition, in the presence of these sulfates increases the recovery factor of phosphoric acid, which is
associated with the salting effect of sulfuric acid formed by the exchange reaction of potassium and
sodium sulfates with fluorine-containing acids. Thus, the recovery factor of phosphorus pentaoxide
in the organic phase without additives is 70-71%, and with potassium and sodium sulfate additives -
81-83%, while the content of free sulfuric acid in phosphoric acid increases to 4-5%.

The phosphoric acid obtained after volatilization of the solvent contains a high amount of
phosphorus pentaoxide: up to 56-63%. The remaining aqueous phase after neutralization of free acid
with ammonia or calcium oxide (calcium carbonate) and drying can be used as a fertilizer, since P20s
(20-25%) contained in it is completely soluble in ammonium citrate.

Thus, it is shown that extraction of phosphoric acid from solutions obtained at sulfuric acid
decomposition of Karatau phosphorites with n-butanol on the principle of counterflow with
subsequent azeotropic volatilization of solvent allows to obtain highly concentrated (56-63% of P20s)
phosphoric acid.

With increasing temperature, the total weight loss increases for all mixtures almost equally. With
increasing the amount of SOs in the mixture, the total loss decreases, but insignificantly, reaching
12.33% for mixture V, 9.87-10.27% for mixtures II-IV. From the data of chemical analysis it follows
that in the temperature range 100-250°C transition of orthoform to pyroform is not observed, starting
from 300°C in all mixtures along with orthoform appears pyroform, the amount of which with
increasing SOs content in the mixture decreases. Thus, for mixture I at 40.96% SOs pyroform is 10.60%;
mixture IV at 57.94% SOs contains 0.87% pyroform.

The content of SOs in the mixtures depending on the heating temperature in the range from 100
to 250°C almost does not change, only at 300°C a slight loss of SOs is observed. In the specified
temperature range there is no loss of P20s.

Thus, as shown by chemical analysis of initial mixtures and heating products, dehydration of
phosphoric acid in the presence of sulfuric acid occurs differently than pure. If at dehydration of
orthophosphoric acid [36], starting from 220°C and above, there is a loss of P2Os and the formation of
polyphosphoric acids, at the same temperature for phosphoric acid in the presence of sulfuric acid at
the above content of SOs loss of P20s is not observed, and at a temperature of 300°C appears only
pyroform, the content of which decreases with increasing the amount of SOs.

Heating of pure phosphoric and sulfuric acids is accompanied by significant endothermic
effects, shifting towards higher temperatures with increasing acid concentration [37]. The results of
thermographic analysis of pure phosphoric and sulfuric acids and their mixtures for 4 hours are
presented in Figures 2-6.


https://doi.org/10.20944/preprints202407.0583.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 July 2024 d0i:10.20944/preprints202407.0583.v1

7
Temp.FC
TG % DTA /(VImg)
lexo
100.00 - . +300.0
1956 T 958 % 0250
£ 250.0
- Mass Change: -22.44 %
9500 i EEE] ange [ 0200
+200.0
90.00 e 0.150
286 %
F150.0
-0.100
85.00 -
100.0
F0.050
80.00 A 500
F0.000
00 50 10.0 15.0 200 25.0
Time /min
Figure 2. Thermogram of pure phosphoric acid.
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Figure 3. Thermogram of pure sulfuric acid.
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Figure 4. Thermogram of a mixture of phosphoric and sulfuric acid in the ratio P20s:50s = 1:1.
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Figure 5. Thermogram of a mixture of phosphoric and sulfuric acid in the ratio P205:SOs = 1: 2,3.
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Figure 5. Thermogram of a mixture of phosphoric and sulfuric acid in the ratio P205:SOs = 1: 4.4.

Thermograms of all studied mixtures are characterized by two endothermic effects
corresponding, apparently, to the boiling points of phosphoric and sulfuric acids. Thus, the boiling
point of 100% HsPOs is 261°C; that of 98.3% H250a is 338°C. It should be noted that the effect
corresponding to the boiling point of phosphoric acid shifts toward higher temperatures with
increasing sulfuric acid in the mixture. For example, for mixture I (36.79% SOs) this effect is noted at
240°C, and for mixture IV (55.90% SQOs) - 280°C. The same can be said about the character of the effect
corresponding to the boiling point of sulfuric acid, which shifts towards higher temperatures with
increasing P20s in the mixture: for mixture I (38.34% P20s) - 375°C, and for mixture IV (22.20% P20s)
- 350°C.

In the next series of experiments, the dehydration of phosphoric acid in the presence of sulfuric
acid with ratios P20s : SOs =1:1 : 1.7 as a function of heating duration at 250°C was carried out.

The results of experiments showed that the dehydration of phosphoric acid is affected by the
duration of heating. Thus, at 4 hours heating phosphoric acid is only in orthoform, at 10 hours heating
the SOs content increases. Finally, at 150-160 hours heating, high-molecular polyforms appear, with
the amount of P20s total 78.84-80.00% and SOs 2.35-2.30%. In these dehydrated products at long
storage (1-2 months) in the desiccator over P20Os precipitates in the form of thin, long, crossed into
druse needles. Acids of composition 78,84% P20s and 2,30% SO:s are crystallized completely under
mechanical exposure with a glass rod.

The total weight loss depends on the heating time and SOs content of the mixtures. At 15 hours
heating the weight loss is equal to 50.6%. With further heating up to 150-160 hours the value of weight
loss changes very little and is only: 0.76%. With increasing duration of heating along with the loss of
SOs (95-97%) there is a loss of P205 (4,59-11,65%). When SOs is removed from the mixture, the
observed total losses are small and the condensation process is very slow as pure phosphoric acid.
The heating temperature of the mixture was raised to 400°C to increase the dehydration duration.
Experiments were carried out with mixtures with 1:1.7 and 1:4.4 ratios, which were heated until SOs
release ceased (3 hours). The results of chemical analysis show that SOs is completely absent in the
products, the total content of P20s is 86.88-87.41% and does not depend on the initial composition of
the mixture. The content of polyforms in the products is equal to 83-89.3% of the total amount of
phosphorus pentaoxide.

The dehydrated products indicate the presence of all condensed forms of phosphoric acid and
correspond to those for the dehydration product of orthophosphoric acid.
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Thus, the dehydration of phosphoric acid in the presence of sulfuric acid depends both on the
temperature and duration of the process and on the amount of sulfuric acid in the mixture.

4. Conclusions

The results on the distribution of phosphoric acid depending on the initial concentration and
temperature showed that with an increase in the initial concentration of phosphoric acid from 5.38 to
25.61% P205, the distribution coefficient at 25°C increases. An increase in temperature from 25 to 60°C
has almost no effect on the distribution coefficient;

The distribution coefficient of sulfuric acid, depending on its initial concentration, increases for
n-butyl and isoamyl alcohols;

The presence of magnesium sulfate in phosphoric acid in amounts up to 1.05% MgO has almost
no effect on the distribution coefficient of phosphoric acid, and the presence of magnesium
monophosphate reduces it almost twice;

Phosphoric acid is extracted better with n-butanol. As a result of azeotropic sublimation of
the solvent, phosphoric acid is obtained relatively pure, with a high content of phosphorus
pentaoxide (56-63%);

Dehydration of phosphoric acid in the presence of sulfuric acid has been studied depending on
the amount of the latter in the mixture, on the temperature and duration of the dehydration process;

It is established that in the presence of sulfuric acid, when heated to a temperature of 250°C, no
polyforms of phosphoric acid are formed and no loss of P-Os and SOz occurs. At 300°C, no polyform
formation is observed, and its amount decreases with increasing SOs in the mixture. At 400°C, there
is complete removal of SOs

Prolonged heating (160-200 hours) of mixtures of phosphoric and sulfuric acids at 250°C leads
to almost complete removal of SOs (95-97%) and the formation of polyphosphoric acids.
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