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Abstract

The article describes about the phosphorite deposit and its reserves. At present, the revived production
of phosphorus and complex fertilizers is based mainly on Karatau phosphorites. However, the reserves of rich
phosphate ores in Karatau are being depleted, and in recent years there has been a need to involve low-grade
natural phosphates in circulation. Therefore, the integrated use of mineral raw materials and ensuring the
environmental safety of the technologies used are now becoming more and more relevant. The article provides
about IR spectroscopy and XRF analysis of the Akzhar phosphorite deposit in the Karatau basin. And also, the
results of the chemical composition of phosphorite and calculations of the kinetics of the decomposition of
phosphorite of the Akzhar deposit of the Karatau basin with a 5-fold excess of phosphoric acid are presented.
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Introduction

Kazakhstan is one of the largest regions in the world with significant reserves of mineral raw
materials and the prospects for expanding their use in chemical industry [1].

The production of mineral fertilizers is one of the priority areas of economic development, since
the Republic of Kazakhstan has the largest deposit of phosphate raw materials in the Karatau basin,
the reserves of which are more than 15 billion tons, and huge areas for grain, vegetables and industrial
crops are in dire need of fertilizers to obtain sustainable and high yield [2].

At present, the revived production of phosphorus and complex fertilizers is based mainly on
Karatau phosphorites. However, the reserves of rich phosphate ores in Karatau are being depleted,
and in recent years there has been a need to involve low-grade natural phosphates in circulation.

At the same time, the integrated use of mineral raw materials and ensuring the environmental
safety of the technologies used are now becoming more and more relevant, and much attention is paid
to research related to the creation of technologies focused on obtaining not one, but several end
products with the involvement of local raw materials in the production of local raw materials.

The Akzhar phosphorite ore deposit is currently one of the largest in terms of its reserves.
Akzhar phosphorites belong to low-quality phosphate raw materials: washed concentrate contains 15-
19% P20s and a significant amount (up to 40%) of impurities, in particular SiO. In addition, they are
characterized by strong mutual intergrowth of their constituent minerals, which does not allow to
enrich the raw material sufficiently efficiently and economically by flotation. In this regard, the
question of finding new rational methods for the preparation and processing of such phosphorites, the
search for ways of direct processing of low-grade phosphate raw materials into high-quality valuable
products, arose sharply [3-5].

Known in the literature data on the kinetics of decomposition of Karatau phosphorites by a 4-
8-fold excess of phosphoric acid refer to the study of low-grade phosphorites from the Zhanatas and
Koksu deposits. The lack of information on the kinetics of decomposition of poor phosphorites of the
Akzhar deposit and the effect on the technological parameters of various process parameters
(temperature, consumption rate of reagents, duration of interaction of reagents and concentration of
phosphoric acid) necessitates additional studies in order to select optimal parameters [6-7].
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Materials and methods

To study the kinetics of decomposition, we used an ore sample with the following chemical
composition,%: P20s-22.5, Ca0-31,9, MgO-4,5, A1,03-0,53, Fe203-0,63, F-1,43, CO2-12,9, L.R.-
24,8, Na-0,4, > Ln>03-0,43.

Mineralogical composition of phosphorite, calculated in accordance with its chemical
composition,%: phosphorite-45.64, dolomite-9.66, calcite-9.37, glauconite-1.89; quartz-18.79;
merwinites - 0.82; phosphosiderite - 4.23[1,2].

The identification of the initial phosphorite by the X-ray diffraction method (Figure 1)
confirmed the calculated mineralogical composition of the raw material. The X-ray phase analysis
data are confirmed by the results of the IR-spectroscopic study of phosphorite. According to the
absorption spectra of infrared radiation (Figure 6), the composition of phosphorite includes
fluorapatite with partial replacement of the F~ group by CO* bands — 603 cm™!, 1045 cm™!, dolomite-
bands — 1455 cm™! 877-884 cm™!, merwinite and forsterite bands — 460-466 cm™!, glauconite — 3550-
3600 cm’!, quartz-absorption bands — 1085-1090 cm™', phosphosiderite FePOs 2H>0-bands — 790-
797 cm™', 3500-3600 cm’!.

The decomposition was carried out in a thermostated vessel equipped with a reflux condenser
and a paddle stirrer at a rotation speed of 300 rpm. Phosphorite was introduced in small portions into
phosphoric acid heated to 363 + 2K, and then the reagents were stirred at this temperature for a
specified time. After the required decomposition time had elapsed, the reaction was stopped by adding
a calculated amount of 0.1n NaOH solution to the suspension to neutralize the acid.

Results and discussion
At the end of the experiment, the solid phase was separated from the liquid using a vacuum of
0.06 MPa. The filter cake was washed with water, dried, and its P2Osota1 content was determined and
P05 water. by the standard method according to GOST 21560-82 [2]. According to the results of the
analysis, an indicator of the completeness of the process was calculated, i.e. the degree of extraction
of P>Os into solution or the decomposition coefficient according to the formula:
K =1 mp(PzOostotal—l’zooswater) (1)
P mgy P;0%5 total

where Mo — dry weight of insoluble sediment,, g;
m,, — mass of phosphorite taken for decomposition, g;
P205ota1 1 P205 water — content in dry sludge, respectively
P2Ost0taint P205water, %;
P205% a1 — content in phosphorite P2Ostotal, %;
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Figure 1 — X-ray diffraction pattern of phosphorite from the Akzhar deposit
representative sample obtained from the Akzhar deposit
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Figure 2 — IR absorption spectrum of phosphorite from the Akzhar deposit

The concentration of phosphoric acid 36.2% P>Os and its norm — 5.0-fold excess were selected
on the basis of graphic calculations according to the CaO-P>,0s-H>O solubility diagram to obtain a
CaO-unsaturated solution, from which monocalcium phosphate crystalline hydrate could be isolated
during cooling.

The precipitate washing factor was determined by the formula:

m¢

—ph )

P,0% swater Kph

P20syater”

Korw =1

The kinetics of decomposition of phosphorite at a known rate and concentration of phosphoric
acid was studied at the following parameters: temperature — 348-368K, duration of interaction of
reagents — 1-50 min.

From the results of the studies given in Table 1 and Figures 3,4 and it follows that with an
increase in the duration of the interaction of the reagents in the range from 1 to 50 minutes, the
decomposition coefficient increases, and the bulk of the phosphorite decomposes in the first 10
minutes. With a further increase in time, additional decomposition of the raw material occurs, and by
40 minutes, almost complete decomposition of phosphorites is achieved (Kp = 0.98)[1].

The effect of temperature on the degree of decomposition of phosphorites is insignificant. An
increase in temperature from 348 to 368K causes an increase in the decomposition coefficient by only
0.05-0.07%. Thus, the maximum attainable degree of decomposition is 0.98 for 348 K and 0.92 for
368K with a process duration of 30 minutes and is the same — 0.98 with a process duration of 40
minutes.

Almost complete opening of phosphorite is ensured by the use of a 5-fold excess of phosphoric
acid. In this case, a solution of monocalcium phosphate is formed, unsaturated with respect to CaO,
the formation of a new solid phase - production monocalcium phosphate, does not occur, the process
is significantly intensified due to the exclusion of sludge formation of grains by the newly formed
solid phase. This explains the given nature of the dependence shown in Figure 3.

The highest decomposition rate is achieved in the first 5 minutes (4-5 g of phosphorite/min). A
sharp decrease in the rate of decomposition of ores after 5 minutes is due, apparently, to a decrease
in the activity of hydrogen ions.
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Table 1 — Kinetics of the decomposition of phosphorite from the Akzhar deposit with a 5-fold excess
of phosphoric acid in the liquid phase due to the neutralization of the first hydrogen ion

Na Temperatur |Decompositio| Dry |Content in|Decompositio|Sludge| Filtration |[Decompositio
e, K n time, min. [sedimen| 1i.r., % | n coefficient |washin|performanc| n rate of
t P,O| P,O g e, phosphorite,
weight, s ol |s water factor | kg/m’h g/min
g
1 348 1 46,42 110,38/ 1,02 0,52 3,58
2 42,80 | 9,5 12,61 0,62 3,6
3 38,32 | 7,2 | 1,98 0,75 3,89
5 28,60 | 4,7 | 1,12 0,70 4,28
10 27,2 12,25/0,59 0,85 2,28
20 26,75 |1,7810,52 0,89 1,16
30 26,68 [1,25]0,51 0,93 0,77
40 2591 10,62]0,36 0,98 0,98 409 0,57
50 25,42 10,4410,35 0,99 0,99 410 0,49
” 368 1 46,32 110,25/ 2,59 0,39 3,68
2 40,6 [10,16]2,07 0,52 2,86
3 33,8 [4,56]1,98 0,75 5,4
5 28,22 3,25]1,63 0,86 4,36
10 27,2 12,42(0,92 0,87 2,28
20 26,20 | 1,380,54 0,921 1,19
30 24,84 11,26]0,37 0,98 0,83
40 24,64 10,50 0,30 0,98 0,98 411 0,63
50 24,38 10,30]0,22 0,99 0,99 415 0,51
1
0,8
20,6
Qe
=
§0,4
0,2
2
"a 0 ! ! ! ! ! \ \
& 0 10 20 30 40 50 60 70
5 Duration of interaction of reagents, min
a —a— 348K

Figure 3 — Kinetics of phosphorite decomposition by 5.0-fold excess of phosphoric acid
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Figure 4 — Change in the rate of decomposition of phosphorite over time

At the same time, the temperature dependence of the degree and rate of decomposition is
completely absent in the time interval from 10 to 50 minutes (Figure 4). The high speed of the process
is ensured by the selected theoretically substantiated conditions — carrying out the decomposition with
phosphoric acid with content of 36.2% P20Os.

CONCLUSION
Thus, we have established that almost complete decomposition of phosphorites is achieved at
a reaction time of 40 minutes and a process temperature of 368K.
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AKKAP KEH OPHBIHBIH TOMEH BAFAJTAHFAH ®OCPOPUTTEPIHIH ®OCDOP
KbIIIKbIJIBIHBIH APTBIK MOJIIIEPIMEH bI/IBIPAYBIH 3EPTTEY

Tyiiin

Maxkanana pochoput KeH OpHBI )kKoHE OHBIH KOPIIapbl Typasiel aifTeutaasl. Kasipri yakerrra pocdop meH
KYpJei ThIHAWTKBIIITAP/IbIH KaHIaHFaH eHipici HeriziHeH Kaparay dhochoputrepine HerizaenreHn. Anaiina,
Kaparayna docdarka 0aii keHACPAiH KOPBI TAyChUIBII KaThIP, COHFBI XKbUIIAphl ailHAIBIMFA TOMEH CYPBITITHI
Taburu ¢ocdarrapasl Tapry KaKeTTUTr TyblHZan oThlp. COHABIKTaH MUHEpAAbl MIHKI3aTThl KEIIeHIl
naiganany >kKoHe KOJNJIAHBUIATHEIH TEXHOJOTHSUIAP/BIH SKOJOTHSUIBIK KayilCi3AiriH KaMTaMachl3 eTy Kasipri
Ke3qe o3ekTi Ooma Tycyme. Makanmama Kaparay Oacceiininmeri Axxap ¢ocdoputr keH opHbIHBIH WK
cnekTpockonuscel )koHe XRF tanmaysr Typans! aliteinansl. CoHnaii-ak, @ochopuTTiH XUMHUSITBIK KYPaMBIHBIH
HoTIkenepi xoHe Dochop KBIMIKBUIBIHEIH 5 ece apThIK MenmepiMeHn Kaparay OacceiiHiHIH AKkap KeH
OpHBIHAAFBI (HOCHOPHUTTIH BIIBIPAY KWHETUKACBIHBIH €CerTeyiepi KeTipiireH.

KinrTik ce3mep: KbIIIKBLUL, allaTUT, MUHEPAIABI THIHAUTKBITIITAD, (POCHOPUTTIH BIABIPAYHI.
H. ®aijizynaes®

I.T.H., Tpodeccop, CamapKaHACKUH TOCYIapCTBEHHBII yHIBepcuTeT, CamMapkani, Y30eKucTan
* ABTOp 1J1s1 Koppecnonaenunn: almagul.kadirbaeva@auezov.edu.kz

HNCCIEAOBAHUE PA3JIOKEHUSA HU3KOKAYECTBEHHBIX ®OCPOPUTOB
MECTOPOXJIEHHUA AKKAP ITPA BOJIBIIIOM U3BBITKE ®OC®OPHOMN KUCJIOTHI

AHHOTAUA

B craree pacckasbiBaeTcs 0 MecTopokaeHuM (ochopuToB M ero 3amacax. B Hacrosiiee Bpems
BO3POXKIEHHOE MPOU3BOACTBO (hocdopa 1 KOMIUIEKCHBIX YIOOpPEeHU 0OCHOBAaHO B OCHOBHOM Ha Kaparayckux
¢dochopurtax. Opnako 3amacel Oorarbix (ocdaramu pyx B Kaparay ucromaroTcs, B HOCIEIHHE TOJBI
BO3HHMKAET HEOOXOOMMOCTb NPHUBICUYEHHS B 0OOOpOT HHU3KOCOPTHBIX NPHPOAHBIX (ocdaros. IlosTomy
KOMIUIEKCHOE HCIIONb30BaHHE MHUHEPAILHOTO CHIPbS W OOECleYeHHe HKOJIOTUYECKOW 0e30macHOCTH
MPUMEHSIEMBbIX TEXHOJIOTH B HACTOSIIEE BpeMsi CTAaHOBUTCS Bce Ooiee akTyalbHbIM. B cTarbe
pacckasbiBaercsi 0 UK-cnekrpockonuu u ananuze XRF mectopoxkaenus pocpopuros Axxap B Kaparayckom
Oacceiine. Tarxke NpUBENEHBI peE3yNbTaThl XUMHYECKOTO cocTaBa (ochopura M pacdeThl KHHETHKH
pasnoxenus dochopura Ha AKKApCKOM MecTopoxaeHun Kaparayckoro 6acceiiHa ¢ S-KpaTHBIM H30BITKOM
(hochopHOI KHCIOTHI.

KiroueBble cjioBa: KUCIIOTa, allaTuT, MUHEpAIIbHbIE YI0OpeHHUs, pasiokenne Gochopura.
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