DOI: 10.6060/ivkkt.20256801.7007
VIIK: 631.632:14

XAPAKTEPUCTHUKA JKEJIBAKOBBIX ®OCPOPUTOB KAPAKAJIMTAKCTAHA
N UX ITEPEPABOTKA B 'PAHYJIUPOBAHHBIU TIPOCTOU CYIIEP®OCPAT

P.K. Kypo6anuszos, K.X. Xynoiioepaues, A.M. Peiimos,
II1.C. Hama3zos, P. Pagxxanos, A.P. CeliTHazapoB

Pammg Kanbaesuu Kyp6anuszos*, Axmen MambeTkapumoBuy PeiiMoB

Kapakanmakckuii rocygapcTBeHHBIH yHUBepcuTeT, yiu. Y. A6aupos, 1, Hykyc, Pecnybnuka Kapakannakcras,
V30ekuctan, 230100
E-mail: kurbaniyazov-rk@mail.ru*

Kanomunoua Xacanosuu XyznonOepares

Kokanickuii rocy1apCTBEHHBIH IeJarorndeckKuii MHCTHTYT, Y. TypoH, 23, r. Kokann, ®epranckas ooi., ¥Y30e-
kucrtas, 713000

agoat CarrapoBuy Hamazos, Pyamat Pamgxanos, Atanasap Peiinmnazaposuy CeliTHazapoB

JlaGoparopus hochopHbIX ynoopenuii, MHcTUTYT 0011IeH 1 Heopranudeckoit xumun AH PeciyOonuku ¥Y30eku-
cTaH, yi1. Mup3o Yayroek, 77-a, Tamkenr, Y306ekucran, 100170

B ycnosusax depuyuma gpocghopuvix yooopenuii Heob6xooumo npuesieueHue HU3IKOCOpHi-
HO20 ¢hochopumnozo coipbs 6 celbCKOX03ATICIMEEHHOE NPOU3BOOCE0, U KAPAKATNAKCKUIL ¢hoc-
hopum mootcem cayscumo npumepom. Omauuue KApaKaInakKckozo gocghopuma om opyzux mu-
noe gocghpopnozo cvipva 3aknrouaemcs, 60-nepPevIxX, 8 8bICOKOM COOEPHCAHUU KEAPUA; 80-8MOPDIX,
6 mom, umo ¢hocghopuulit Munepan 6 Hem RPeOCMAsIeH KYPCKUMOM; 6-MPEMbUX, 8 KAPAKAINAK-
cKom ghocghopume Kypckum npedcmasnsem yceosemyio gpopmy P.Os ¢ konuuecmee 35-40%. I'pa-
HyJl0MempuuecKuil AHaiIu3 ROPAbIMaycKoll hochopummnoii MyKu nokasai, 4mo Kuiacc KpynHocmu
(-5+3)-(-2+1) mm cocmasnsem nonosuny xonuuecmea ocpopnoit myxu (48,73%). Knacc kpyn-
nocmu (-0,5+0,25)-(-0,25+0,16) mm maxsce umeem evicokoe codeprcanue ocghopnoic myku
(30,65%). Pe3ynomamur nokazanu, 4mo cvipve umeno cieoyouue napamempni: P - 6,45%, O -
46,21%, C - 8,08%, Si - 10,05%, Fe - 1,92%, Al - 1,30%, K - 0,85%, Mg - 0,22%, Ca - 18,61%, F -
3,20%, S - 0,49%. Munepanvuuiii cocmag coipvsa exkawovaem 45,62% kypckuma, 2,79% cunca,
2,86% maznezuma, 5,24% nonesozo winama, 2,41% numonuma, 38,77% rxeapua u opyzue. Hopma
CEPHOU KUCA0MbL 0N ROJIYHEeHUA npocmozo cynepgocgama dvina paccuumana. Coipve oopada-
moteanu 93%-Hoil cepHoll KUCI0MOIL 6 3a6UCUMOCHIU OM €e HOPMbL U KOHUEHMPAUUU npu mem-
nepamype 70 °C ¢ meuenue 30 mun. Ilokazano, umo no codepycanuro céovoonoii H;PO. npo-
oykmut ¢ nopmoii 90 u 100% ne coomeemcmaeyiom mpeoosanuam ceabckozo xo3aucmea. Ipu kon-
uenmpayuax ceproii kuciomaul 68 u 80% ne obecneuusaemcs zpanynuposanue maccel cynepgoc-
thama, npu 3mux Konyenmpayuax odpazyromcea mexkyuue u maxcywjue maccol. Illpu konyenmpa-
yuu 93% obpazyemca nezKko nepemeniueaemasn Macca, NOOXo0AWAs O ZPAHYIUPOBARUs 6 UiHe-
koeéom cmecumene. Ilpu onmumansueix ycnosuax akmueayuu (Hopma 75% u Konuyenmpayus
H2SO4 - 93%) npodykm codepicum ce0600uwii POs - 2,49%; o6uguii P2Os - 12,43%; P2Ospacmeop-
2 P20s ouui = 93,72%; P2Osgpon. - P20506uui = 62,51%. Booopacmeopumasn gpopma P>Os ceudemens-
cmeyem o0 cooeprcanuu MoHoKaavyuiipochama u uacmuuno ceovoonou HiPO. 6 npodyxme.
Yceoneman popma P.Os ykazvieaem na npucymcmeue ouxanvyuiipocpama. Omuocumenvnoe
cooepotcanue yceosiemou ghopmet P,Os menee 100% ceudemenvcmeyem o0 HAIUYUU HEKOMOPO2O
KoJluuecmea HepaszinoxHceHHo20, HO AKMUBUPOBAHHO20 (hochopnozo munepana ¢ npooykme. Ilpo-
OYKm cooepycum 001buioe KoIU4eCmeo ouzsuopama u nojyzuopama cyishama Kaipuus.

KuroueBbie c10Ba: xelBakoBbIi (PpochopuT, CepHAst KHCIO0Ta, pa3IoKeHNE, XUMUYSCKUN 1 MUHEPAJIO-
THYECKUI COCTAaBhI
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In conditions of deficit of phosphate fertilisers it is necessary to involve low-grade phos-
phate rock into agricultural production, and yolk phosphate rock can serve as an example. The
difference of yolk phosphorite from other types of phosphate raw materials is that firstly: it contains
a large amount of quartz, and secondly: the phosphate mineral in it is represented by kurskite;
thirdly, in yolk phosphorite - kurskite relative content of assimilable form of P,Os is 35-40%. The
sieve analysis of Porlytau jelly phosphate flour showed that the coarseness class (-5+3)-(-2+1)
mm accounts for half of the amount of phosmucus (48.73%). Meanwhile, the coarseness class
(-0.5+0.25)-(-0.25+0.16) mm also has the highest amount of phosmucus (30.65%). The results
showed that the raw material had the following parameters: P - 6.45%, O -46.21%, C - 8.08%, Si -
10.05%, Fe -1.92%, Al - 1.30%, K - 0.85%, Mg - 0.22%, Ca - 18.61%, F - 3.20%, S - 0.49%. The
mineral composition of raw materials contains 45.62% kurskite, 2.79% gypsum, 2.86% magnesite,
5.24% feldspar, 2.41% limonite, 38.77% quartz and others The rate of sulphuric acid for obtaining
simple superphosphate was calculated. Raw materials were treated with 93 % sulphuric acid de-
pending on its rate and concentration at the temperature of 70 °C for 30 min. It is shown that by
the content of free H3POy4, the products at the rates of 90 and 100% do not meet the requirements
of agriculture. And at concentrations of sulphuric acid 68 and 80% the granulation of superphos-
phate mass is not provided, at them liquefied and smearing masses are formed. And at concentra-
tion of 93% a doughy easily movable mass is formed, quite suitable for granulation in a screw
mixer. Under the optimum activation condition (75% rate and 93% concentration of H.SO,) the product
contains P2Osree, - 2.49; P2Ostorar - 12.43%; P2Osaccer : P2Osiotat = 93.72%; P2Oswater. : P20storal =
= 62.51%. The water-soluble form of P,Os gives the content of monocalcium phosphate and par-
tially free HsPO, in the product. The digestible form of P,Os means the presence of dicalcium phos-
phate. The relative content of the digestible form of P,Os less than 100% indicates that a certain
amount of undecomposed but activated phosphate mineral remains in the product. The product
contains a large amount of calcium sulphate di- and semi-hydrate.

Keywords: nodular phosphorite, sulfuric acid, decomposition, chemical and mineralogical compositions

security and achieve success in combating malnutri-
tion, it is necessary that the growth of agricultural pro-

The world's population continues to increase.  duction outpaces population growth. This should uti-
It is expected that by 2050 the current population (7 bil-  |ise mainly existing agricultural land. In this aspect, is-

lion people) will increase to about 9 billion people [1].  sues of chemicalisation of agricultural production are a
In order to improve the food situation, increase food

INTRODUCTION
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priority. The main prospect of agricultural develop-
ment is related to the increase in yields through the in-
troduction of the latest technologies of soil cultivation,
the use of high-yielding varieties of technical crops,
and, of course, the integrated use of mineral fertilisers
and plant protection products.

In 2019, the chemical industry of Uzbekistan
produced 944.7 thousand tonnes of nitrogen, 143.0 thou-
sand t of phosphorus and 138.0 thousand tonnes of po-
tassium fertilizers per 100% nutrients. And the need of
agriculture of the republic in 2020 was 1075.8 thou-
sand tonnes of N, 759.3 thousand tonnes of P,Os and
373.9 thousand tonnes of KO [2]. That is, the industry
meets the need of agriculture in nitrogen fertilisers only
by 83.5%, and in phosphate fertilisers only by 15.8%
and in potash fertilisers only by 53%.

The main problem faced by phosphate-based
fertiliser producers is the lack of high-quality domestic
raw materials. In order to supply phosphate raw mate-
rials to the plants, Kyzylkum Phosphorite Complex
LLC carried out thermal enrichment of phosphate rock
from the Kyzylkum deposit (16-18% P,0s), including
crushing, screening, grinding to produce phosphate
flour, chlorine washing and roasting to remove CO..
According to the scheme, the annual production capac-
ity of washed burnt concentrate is 716,000 tonnes with
an average content of 26% P,0Os. Ammofos-Maxam
JSC receives ammophos (10% N; 46% P,0s), su-
prephos-NS (8-15% N; 20-24% P,0s), enriched super-
phosphate (2.5% N; 18-26% P,0s) and partially feed
ammonium phosphate (12% N; 53-55% P,0s). At the
same time, Qo'gon superposfat zavodi JSC produces
simple ammoniated superphosphate (1.5% N; 11.5%
P20s) from phosphate meal (17-18% P2Os, 44-45%
Ca0 and 15-17% CO_) The volume of simple super-
phosphate in physical terms does not exceed 100 thou-
sand tonnes per year.

Given the shortage of quality phosphate rock,
it is necessary to start developing local agronomic ores,
which are not yet developed on an industrial scale. This
can be exemplified by yolk phosphate rock in Kara-
kalpakstan, where there are dozens of deposits. These
are Khudjakul, Sultan-Uizdag, Khodjeyli, Nazarkhan,
Chukai-Tukai and others. [3]. In mineralogical compo-
sition they are close to phosphorites of the Egorievsky,
Vyatsko-Kamsky (Russia) and Chilisaysky (Kazakh-
stan) deposits [4-6]. However, they do not meet the re-
quirements for sulfuric acid extraction without enrich-
ment stage.

And their use in finely milled form as a direct
fertiliser without any chemical processing would pro-
vide agriculture with cheap phosphate fertiliser [7].
However, phosphate flour is not effective for neutral
and alkaline (carbonate) soils of Uzbekistan.
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As shown by a number of studies, replacing the
chemical energy of mineral acids used in conventional
technologies with mechanical and mechanochemical
activation leads to the conversion of unabsorbable
phosphorus into an absorbable form. There are several
ways to apply the mechanochemical method for pro-
cessing phosphate ores — reagentless mechanical acti-
vation and mechanochemical treatment of phosphate
ores in the presence of mineral salts [8-13].

The Institute of Solid State Chemistry and
Mechanochemistry of the Siberian Branch of the Rus-
sian Academy of Sciences investigated the properties
of mechanically activated ores from 40 deposits of
Russia, CIS countries, Mongolia, Morocco, etc. [14].
The influence of apatite type, mineral composition of
phosphate ores and conditions of mechanical activa-
tion on the content of citrate- and citrate-soluble forms
of phosphate was studied in laboratory conditions. The
data obtained indicate that deposits with small reserves
of phosphate ores can be involved in processing for lo-
cal use without long-distance transport. These ad-
vantages of the mechanochemical method of phos-
phate ore processing over conventional milling make it
promising for covering the deficit of phosphate fertilis-
ers in the country.

Sulphuric acid processing to obtain water- and
citric acid-soluble phosphate fertilisers from poor
phosphate raw materials to produce simple superphos-
phate is suitable [15-17]. Superphosphate is a universal
phosphate fertiliser, it can be effectively used for any
crops and on any soils. Especially, the effect of super-
phosphate is better on alkaline, carbonate soils. The
main nutrient elements for plants are nitrogen, phos-
phorus, potassium, sulphur, calcium and magnesium,
and simple superphosphate contains four of them.

If we look at the global consumption of super-
phosphate in 2020, we can see that out of 51 million
tonnes of phosphate-containing fertilizers in global
production, 11.7% (about 5.95 million tonnes) is the
fertilizer, superphosphate class (TSP) [18].

The main consumers of simple superphosphate
were Central and South America, followed by China
and Southwest Asia. For example, India, with a phos-
phate fertiliser requirement of about 4.5 million tonnes,
imports about 3 million tonnes of MAP and DAP an-
nually. Part of the demand is met by domestically pro-
duced simple superphosphate. There are more than 56
large-scale plants in India producing nitrogen, phos-
phate or potash fertilisers. In addition, there are another
72 small-scale enterprises producing simple super-
phosphate [19]. In China, there are 65 large and me-
dium-sized enterprises producing simple and ammoni-
ated, granulated superphosphate [20].
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In our opinion the demand for simple super-
phosphate can be listed by the following circum-
stances:

- Availability of phosphate rock for phosphate
production, including the suitability of low-grade nat-
ural phosphate rock for this purpose;

- simplicity of its production technology and
absence of waste;

- low capital investment;

- low energy intensity of production and
cheapness of products;

- possibility of use in any soil and climatic
zones and for any agricultural crops;

- can be used together with nitrogen and potas-
sium fertilisers and organic composts;

- the fertiliser has a long-lasting effect, it can
be fertilised 1-2 times in one season, excess phospho-
rus is not washed out, it is stored in the soil by absorp-
tion by the structure and microorganisms;

- ideal for auxiliary farms, best results are
achieved with potatoes, vegetables, fruit crops and
flowers;

- due to its gypsum content, it is a good soil
structure builder and chemical ameliorant.

The objective of the present work is to develop
a rational and economical technical solution to ensure
the processing of poor phosphate raw materials and re-
duce the consumption of sulphuric acid.

METHODS AND MATERIALS

In laboratory conditions phosphate meal (PM)
of Porlytau deposit, composition (weight %) was used
for production of simple superphosphate: P,Os — 15.76;
CaO - 27.19; Fe;03 - 2.66; Al,03 — 1.03; CO, — 44.10;
SOz -1.30; F—1.88; SiO, — 38.77; insoluble residue —
074, CaOxotal : P2O0st0ta1. = 1.73.

The dispersed composition is characterised as
follows (weight.%): sample-1: class (-5+3 mm) — 8.78;
(-3+2) — 23.65; (-2+1 mm) — 16.30; (-1+0.5 mm) —
1.82; (-0.5+0.25 mm) — 18.02%; (-0.25+0.16 mm) —
12.63; (-0.16+0.1 mm) — 6.57; (-0.1+0.05 mm) — 7.64;
(-0.05 mm) — 4.59%. Sieve analysis of the raw material
showed that the coarseness class (-5+3) — (-2+1) mm
accounted for half the amount of phosmucus (48.73%).
The coarseness class (-0.5+0.25) — (-0.25+0.16) mm
also has the highest amount of phosmucus (30.65%).
Prior to chemical and physicochemical studies, the raw
material was ground on a porcelain mortar to a particle
size of 0.25 mm.

For approximate determination of mineralogi-
cal composition of flour we took its X-ray diffracto-
gram on diffractometer XRD-6100 (Shimadzu, Japan).
CuK,-radiation (B-filter, Ni, tube current and voltage
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mode 30 mA, 30 kV) and a constant detector rotation
speed of 4 deg/min were used, and the scanning angle
was varied from 4 to 80°. Qualitative phase identifica-
tion of the presented sample was performed using the
MATCH! Phase identification from Powder Diffrac-
tion programme (Crystal Impact, GbR, Bonn, Ger-
many, 2015).

Process methodology for the production of ac-
tivated simple superphosphate

Chemical analysis of products for the content
of various forms of P,Os and CaO was carried out ac-
cording to known methods [21]. The content of
P2Osfee. in was determined by titration with 0.1n
NaOH using methyl orange and phenolphthalein indi-
cators. The digestible form of P,Os was determined by
solubility in both 2% citric acid and 0.2M Trilon B so-
lution. The digestible form of CaO was determined
only by 2% citric acid. pH of the product was deter-
mined after one hour shaking of its 10% aqueous sus-
pension.

RESULTS AND DISCUSSION

The radiograph of the phosphate meal is shown
in Fig. 1.
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Fig. 1. XRD of phosphorite powder of Porlytau
Puc. 1. PertrenoaudpakunoHHbIi aHaU3 GOCHOPHUTHOTO I10-

pouuka [TopabiTay

The diffraction bands 1.72; 1.74; 1.79; 1.84;
1.93; 2.24; 2.62; 2.69; 2.79; 3.19; 3.45 A° belong to
fluorocarbonapatite. Interplanar distances of 1.88;
2.28; 3.04 A° characterise calcite. Bands 1.37; 1.54 A°
belong to dolomite. The most intense peaks 1.82; 1.98;
2.13; 2.46; 3.23; 3.34; 4.25 A° indicate the presence of
large amounts of silicon oxide in the phosphate raw
material. Bands 1.37 and 1.93 A° are also attributed to
calcium fluoride, while 2.46 and 3.23 A° can be at-
tributed to CaSiOs.

The scanning electron microscope with ele-
mental dispersive analysis (SEM-EDX) — JSM-IT200
(JEOL, Japan) was used to take images of the jelly
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powder. SEM-EDX elemental analysis with electron
beams excites the atoms of the sample under study and
emits X-ray radiation characteristic of each chemical
element. By studying the energy spectrum of such ra-
diation, it is possible to draw conclusions about the
qualitative and quantitative composition of the sample.

Images of the surface of phosphorite grains
samples at different magnification (200 and 500 times),
show the shape and structure of the surface of glauco-
nite grains (Fig. 2). At the same time, various structures
of chemical corrosion were revealed on the surface of
grains, which were accompanied by removal of quartz,
goethite, limonite.

From the micrograph it can be assumed that
phosphorite is represented in the form of aggregate
grains, associating with quartz. The size of glauconite
grains varies from 0.02 to 0.25 mm. The colour of fresh
phosphorite meal varies from orange-green to black-
green.

x 200 times x 500 times
B 200 pa3 B 500 pa3
Electron microscopic photography
DIEKTPOHHO-MUKpOCKOHIecKast hoTorpadus

% v
ECK HOK MWFK MHNaK
P-K SK K-K CaK [Fe-K WZr-L

Elemental dispersion analysis
OneMeHTHBIN TUCTIEPCUOHHBIN aHAIN3
Fig. 2. Electron microscopic photographs and micrograph of
phosphate flour
Puc. 2. DnexTpoHHO-MUKpOCKOTIHYECKHe (HOTOrpadil 1 MUKPO-
tdororpadus pocdarHoit Mykn

Using a microscope and an energy dispersion
analyser, the elemental compositions of this sample
were simultaneously determined. The results showed
that it has the following values: P — 6.45%, O — 46.21%,
C — 8.08%, Si — 10.05%, Fe -1.92%, Al — 1.30%,
K — 0.85%, Mg — 0.22%, Ca — 18.61%, F — 3.20%,
S —0.49% (Fig. 3).
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Fig. 3. Diffractogram of phosphorite meal
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Calculation of mineralogical composition of
Porlytau phosphate rock flour

The content of phosphorus and fluorine in the
taken sample confirms that Porlytau phosphorite flour
is represented only by kurskite. For example, in fran-
colite F/P,0s = 3.44/37.14 = 0.09262 and in kurskite
F/P,Os = 3.85/34.32 = 0.11152, and in our case F/P,0s =
=1.88/1576 = 0.11929.

On the basis of chemical analysis and physico-
chemical studies, the calculation for mineral compo-
nents of phosphorite with some additions of the differ-
ences in the content of components was performed.
The calculation was performed for 100g of phosphate
flour.

The chemical formula of kurskite in phosmuk
is as follows:

Cai1oP18C120228F2(0OH) 1, —
— 2.4P,05 + 9Ca0 + 1.2C0O; + CaF; + 0.6H.0

Distribution of components by kurskite in phos-
phate rock flour

First, based on the P,Os CaO. F and CO, the
amount of kurskite is calculated:

Ca10P4.8C120228F2(OH)1.2 =

986.4 g/mol
=24P,0s + 9CaO+ 1.2CO;+ CaF;+ 0.6H;0
340.8 g/mol 504 g/mol 52.8 g/mol 78 g/mol
( o) = 15.76 - 986.4 _ 4562
m(cursite) = 3408 = 45.62g9
(Cagy = 15707504 _ oo
AV = 508 009
(C0,) = 15.76-52.8 — 244
MY = 3008 T S
capy o 1576778
m(Caky) = =5 = 3619

Determination of the amount of fluorite in the
mineral:

CaF, = CaO + 2F
78 g/mol 56/ g/mol 38g/mol
7 _3.61-38_176
m(F) = -5 - 1769
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3.61-56

m(Ca0) = 'T = 2.59g

By the excess fluorine (1.88 - 1.76 = 0.12) the
mass of fluorite is found:

CaF.) = 0.12-78 :
0.12-56

Determining the amount of gypsum:
CaS0O42H,O = CaO + SOz + 2H.0

172 g/mol 56 g/mol 80 g/mol
1.30-172
m(gypsum) = 80 2.795g
(Ca0) = 1.30-56 — 091
m(Ca0) = g0 g
Determination of the amount of calcite:
CaCO; = CaO + CO;

100 g/mol 56 g/mol 44 g/mol
The total amount of CaO in kurskite, fluorite
and gypsum (23.31+0.18+0.91+2.59) is 26.99. And the
amount of CaO in calcite is equal by 27.19 — 26.99 = 0.2.

, 0.2-100
m(calcite) = e = 0.36g
. 4
m(CO,) = T 0.16g

Determination of magnesite mass:
MgCO; = MgO + CO.
84 g/mol 40 g/mol 44 g/mol
Amount of CO; carbonate in kurskite and cal-
cite (2.44 + 0.16 = 2.6). The amount of CO; in magne-
site is equal to per 4.10 — 2.6 = 1.5.

1.5-84
m(magnesite) = = 2.86g
Iy 0)_1.5-40_136
m(Mg0) = —— = 1.36g

Determination of the amount of magnesium
silicate.
Mg.SiOs = 2MgO + SiO;
140 g/mol 80 g/mol
The amount of magnesium oxide in magne-
sium silicate is per 1.57-1.36=0.21.

021140 _
go 0%

Determination of the amount of feldspar and

m(Mg,Si0,) =

mica:
2NaAlSiz0Os — Na,O + Al,Oz + 6SiO»
2-262 g/mol 102 g/mol

524102 _
102 >

The excess aluminium oxide (1.03 - 1.02 = 0.01)
will be related to the composition of the mica:
(OH)4K2(Si5A|2)A|4Ozo — K50 + 3A1,03 + 6Si0O, + 2H,0

m(feldspar) =

796 g/mol 3-102 g/mol
i ,_796:001_
m(micaceous) = —-— = 0.02g

Determination of the amount of goethite and
limonite:
2F60(OH) — Fe O3 + H,O

2-89g/mol 160 g/mol
. 178-05 _
m(goethite) = oo - 0.55g
2Fe(OH)3-Fe203 — 3Fe,03 + 3H,0
2:267 g/mol  3-160 g/mol
. 534-216
m(limonite) = 80 - 241g

On the basis of the obtained data, Table 1, re-
flecting the mineral composition of Porlytau jelly
phosphate rock flour, was compiled.

Table 1

Mineralogical composition of Porlytau phosphate flour samples
Taoauya 1. Munepajoruyeckuii cocran 06pa3uos gocdarHoii myku u3 IlopasiTay

Mineral name Content, wt.% Mineral name Content, wt.%
Curskite (Ca10P4,8C1_2022,8F2(OH)1_2) 45.62 Feldspar (K, Na, Ca (Aleiz or A|Si3)08) 5.24
Fluorite (Can) 0.25 Mica ((OH)4K2(Si5A|2)A|40zo) 0.02
Gypsum (CaS04-2H,0) 2.79 Limonite (Fe203-nH,0) 241
Calcite (CaCOs3) 0.36 Goethite (FeO(OH)) 0.55
Magnezit (MgCOs) 2.86 Acid-soluble quartz (SiOy) 38.77
Magnesium silicate (Mg;SiO4) 0.36 Insoluble residue 0.74

Thus, this raw material belongs to the jelly
type, the main minerals of which are kurskite. From it
it is quite possible to obtain simple superphosphate for

local application.
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Calculation of sulphuric acid rate for produc-
tion of simple superphosphate

To study the process of obtaining simple su-
perphosphate, the total consumption of sulphuric acid
was calculated for the treatment of yolk phosphorite

W3B. By30B. Xumust u xuM. TexHojorust. 2025. T. 68. Bem. 1



with the formation of monocalcium phosphate and
gypsum. The main impurities of phosphate raw mate-
rial were taken into account.

The production of simple superphosphate is
based on the process of phosphate raw material decom-
position by sulphuric acid, which can be represented
by the following total reaction equation:

2Cas(POg)sF + 7H;SO4 + 6.5H,0 =
= 3Ca(H2P0O4)2'H,0 + 7CaS04-0.5H,0 + HF

Calculate sulphuric acid consumption for de-
composition of calcium oxide of phosphate rock to
form monocalcium phosphate:

CaO + P20s — Ca(H2POs):
m(Ca0) = (15,76 - 56)/142 = 6,215g
where, 15.76 — amount of P,Os in 100g of phosphate
rock, g; 56 — M(Ca0), g/mol; 142 — M(P-0Os), g/mol.
Ca0 + SOz — CaS0s
561,30
80

where, 0.91 — the amount of CaO in 100g of phosphate
rock bound as CaSO4, g; 56 — M(CaO), g/mol; 80 —
M(SO3), g/mol.

Thus, the amount of CaO available for acid de-
composition is as follows:

27.19 - 6.215 -0.91 = 20.065 g.

Hence the required sulphuric acid consump-
tion for the total amount of CaO:

Ca0 + H,SO; — CaS04 +H20
98-20,065
56

where, 56 — M(Ca0), g/mol; 98 — M(H2.SO4), g/mol.

For the decomposition of magnesium oxide,
the amount of acid consumed is:

MgO + H,SO4 — MgSO4 +H20
981,57
40
where, 1.57 — amount of MgO in 100g of phosphate
rock, g; 24 — M(MgO), g/mol; 98 — M(H2SO4), g/mol.

Sulphuric acid is used for the decomposition of
semisulphuric oxides:

Al,O3 + 3H,S0; — A12(804)3 + 3H,0
294 -1,03

102
where, 1.03 — amount of Al;Os in 100g of phosphate
rock, g; 102 — M(AIL:O3), g/mol; 98 — M(H2SO.),
g/mol.

m(Ca0) = =091g

m(H,S0,) = =3511r

m(Mg0) = =3,85¢g

m(Al,05) = =2969 g

Fe,Os + 3H,S04 — Fez(SO4)3 + 3H,0
294 - 2,66
160

ChemChemTech. 2025. V. 68. N 1

m(Fe,03) = =4,888g
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where, 2.66 — amount of Fe,Os in 100g of phosphate
rock, g; 160 — M(Fe20s3), g/mol; 98 — M(H.S0.),
g/mol.

Thus, the total consumption of sulphuric acid
for decomposition of 100g of jelly phosphorite with
formation of monocalcium phosphate and gypsum in
the presence of impurity compounds (100% H,SO: rate):
m(H.S0.) = 35.11+ 3.85+ 4.888 + 2.969= 46.8169

or in terms of 93% concentration H.SOa:
46,816

0,93

Process for the production of activated simple
superphosphate

Further the process of obtaining simple super-
phosphate was studied. The order of carrying out the
process of phosphate raw material decomposition by
sulfuric acid and obtaining the finished product was as
follows: in a glass thermostated beaker, which con-
tained a sample of phosphate flour, slowly poured the
calculated amount of sulfuric acid. At the same time,
the variable parameters were the acid rate (68; 80; 93%
H>SOy) its concentration (60; 70; 75; 80; 90; 100% of
the stoichiometry for the formation of monocalcium
phosphate). The mixture was stirred thoroughly. The
duration of interaction between the components was 30
min at 70 °C. Then the obtained mass together with the
beaker was placed in a desiccator, where it was dried
at 90-100 °C to constant weight. Granulation of the
product was carried out by the method of intensive stir-
ring and pelletising.

Table 2 shows the results of chemical analy-
sis of the products depending on the rate of 93 %
sulphuric acid.

The data show that with increasing norm of
sulphuric acid the content of total P.Os in products de-
creases from 12.63 to 11.44%, and P2Osgee. ON the con-
trary increases from 1.25 to 5.01%. According to the
content of free HsPO4, products at the norms of 90 and
100% do not meet the requirements of agriculture.

The effect of H,SO. concentration on the com-
position of simple superphosphate was also studied. At
the same time the rate of acid is constant - 75%. The
results are given in Table 3.

It shows that as the acid concentration in-
creases from 68 to 93%, the content of P2Osiotar in prod-
ucts increases from 11.98% to 12.43%, P2Osgiges. from
10.95 to 11.65%, P2Oswater from 7.27 to 7.77%, CaOxotal
from 20.67 to 21.45% and CaOgiges. from 13.47 to
14.89%. These values are quite acceptable for agricul-
ture (HsPO4 content should not exceed 5% or 3.5%
P20s).

m(H,S0,) = = 50,349
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Table 2

Composition of products obtained by decomposition of Porlytau phosphate flour samples with 93% sulphuric acid
depending on its rate
Tadanua 2. CocTaB NpoayKTOB, MOJTYYeHHBIX PU pa3Jio:keHUH o0pa3nos ¢pocdaTHoii myku HHopasitay 93 % -Hoii

CEPHOM KHCJ0TOH B 3aBUCHMOCTH OT €€ KOHUEHTPALMHU

. Component contents, weight %

Concentration P2O% st by o Ca0 o
H2S04, % P2Osiee. P2Ost0tal. azsclir:by citric. P20swater CaOutal azsclirz.by citric.

60 1.25 12.63 11.46 6.93 21.79 14.66

70 1.84 12.54 11.56 7.23 21.64 14.91

75 2.40 12.43 11.64 7.77 21.44 14.89

80 2.83 12.12 11.58 8.47 20.91 14.61

90 3.63 11.62 11.33 9.56 20.04 14.12

100 5.01 11.44 11.33 10.13 19.73 13.93

Table 3

Composition of products obtained by decomposition of Porlytau phosphate flour with 75% sulphuric acid depend-
ing on its concentration
Tabnuya 3. CocTaB NIPOAYKTOB, OJY4YeHHBIX IPHU pa3noxeHuu ¢ochaTHoii myku Ilopasitay 75%-Hoii cepHoii

KI/ICJ’IOTOﬁ, B 3aBUCUMOCTH 0T €€ KOHIECHTpauuuu

Component contents, weight %
Consumption norm
of H2p5041 % P2Ostree. P2Ostotal. P20s aCCEp'by P2O0swater. CaOxotal. a0 assep'by
citric. acid. citric. acid.
68 2.15 11.98 10.95 7.27 20.67 13.47
80 2.40 12.26 11.38 7.51 21.15 14.27
93 2.49 12.43 11.65 7.77 21.45 14.89
100 03,65 centration, the highest phosphate raw material K-frac-
2 o5 Loia 92,82 3,62 L .
o ’ e —u tion is also achieved.
g 90 \ From Fig. 4 shows that the higher the sulphuric
£ ® 1 acid rate, the higher the Kgisi. of phosphate raw materi-
% :: aIS, |e the more _PZOSassim.by citric. acid. -+ PZOStotaI and
& P2Oswater. : P2O0stotar in the products.
£™] / 2 The water-soluble form of P,Os means that the
& : . — products contain monocalcium phosphate and partially
o L 0008 61,26 62,51 free HsPO4. The digestible forms of P.Os and CaO in-
w ; ; ; ; ; ; ,' — dicate the presence of dicalcium phosphate in the prod-
@ T8 8 % ucts. The relative content of the digestible form of P.Os

Fig. 4. Relative contents of assimilable and aqueous forms of
P20s in products depending on the concentration of sulphuric acid
(H2S04 norm - 75%). 1 - relative form of the digestible form of
phosphorus (P2Osassim.by citric. acid. : P2O0stotal), 2 - relative form of the
aqueous form of phosphorus (P20swater. : P2Ostotat)

Puc. 4. OTHOCUTENBHOE CONEpIKaHIE YCBOIEMO 1 BOTHOH popMm
P20s B mpogykTax B 3aBUCHMOCTH OT KOHIIEHTPAIH CEPHOM KHC-
notel (Hopma H2SO4 - 75%). 1- oTHOCHTeNbHAS (opMa ycBOsie-
Mbiii hopmbl hocdopa (P20syce. : P20sosm.), 2- OTHOCHTENBHAS
dopma BoaubI popmel Gocopa (P20seom. : P20506w.)

It should be noted that at concentrations of sul-
furic acid 68 and 80% does not provide granulo-for-
mation of superphosphate mass, they are formed lique-
fied and smearing masses. And at the concentration of
93% a doughy, quite suitable for granulation in the
screw mixer easy to move mass is formed. At this con-
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less than 100% indicates that a certain amount of un-
decomposed phosphate mineral remains in the compo-
sition of the products.

Fig. 5 shows the X-ray radiography of the
product obtained by decomposition of phosphate flour
with 75% sulphuric acid. The figure shows that the
main components of simple superphosphate are mono-
calcium phosphate characterised by diffraction max-
ima of 3.90, 3.20, 3.01, 2.86, 2.80, 2.69, 2.09, 1.75,
1.55 A°, two-water dicalcium phosphate having dif-
fraction minima of 3. 80, 2.47, 2.25, 2.14, 1.94, 1.88,
1.82 A°, anhydrous dicalcium phosphate having dif-
fraction maxima of 2.19 A°, calcium sulfate dihydrate
having diffraction maxima of 4.29, 3.80, 2.22, 2.14,
1.99 A°, and calcium sulfate semihydrate having a dif-
fraction maximum of 1.64 A°.
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Fig. 5. X-ray radiograph of simple superphosphate
Puc. 5. Pertrenorpamma mpocroro cynepocdara

Thus, the involvement of yolk phosphate rock
from Karakalpakstan in the production of mineral fer-
tilisers increases the gross amount of phosphate-con-
taining fertilisers, which are in great shortage in the
country. The technology eliminates the consumption of
the most expensive input component - ammonia, there
are no stages of storage ripening and drying. Besides,
the method (acid activation) allows to reduce the rate
of deficient sulphuric acid by 30-40% when obtaining
1 tonne of P,0s.
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CONCLUSIONS

Chemical, mineralogical and disperse compo-
sitions of jelly phosphorite flour of Porlytau deposit
were investigated. It was established that the main
phosphate minerals of Porlytau phosphate flour are
represented only by kurskite. Calcite, magnesite, glau-
conite, quartz, feldspar and others are present as impu-
rities.

On the basis of chemical analysis and physico-
chemical studies, the calculation for mineral compo-
nents of phosphorite with on the content of compo-
nents for sulphuric acid was carried out.

The optimum concentration of sulphuric acid
(93% H,S0O4) was found for the production of simple
superphosphate, which results in a doughy b easily
transportable mass, quite suitable for granulation in a
screw mixer. At this concentration, the highest phos-
phate feedstock Kgag is still relatively achieved.
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