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KINETICS AND MECHANISM OF DECOMPOSITION OF LOW-QUALITY PHOSPHORITES
OF THE ZHANATAS DEPOSIT

Abstract. The production of extractive phosphoric acid (EPA) is one of the largest in the main chemical
industry. The main part of the produced phosphoric acid is obtained by dihydrate from 24.5% of phosphorite
P,0Os. Depending on the quality of the processed raw materials, an acid containing 22-32% P»>Os can be
obtained. The dihydrate method is one of the most developed in industrial practice. Its improvement is mainly
associated with the introduction of new hardware solutions aimed at intensifying the process, optimizing and
stabilizing the temperature regime (regime). The modern development of phosphoric acid production can
undergo significant technological changes. thermal phosphoric acid as well as extraction phosphoric acid, and
for this extraction the phosphoric acid goes through a two-stage purification process. Fertilizer DAP contains
diammonium phosphate and monoammonium phosphate, as well as several additives containing primary
phosphoric acid. Extraction phosphoric acid differs not only in P,Os concentration, but also in the content of
impurities. The main additives to the extraction phosphoric acid are sulfuric acid, calcium, magnesium, iron,
fluorine, aluminum, silicon, sodium, potassium and dimensional substances. Almost all of them affect the
composition and technology of diammonium phosphate. During the ammonization process, some impurities
from the extracted phosphoric acid are converted to a water-insoluble form, which affects the rheological
properties of the reservoir, solubility and nutrient absorption. The main component of the extraction phosphoric
acid is sulfuric acid, which, when neutralized, turns into ammonium sulfate. Ammonium sulfate is a stable
azygroscopic salt that can be used as a fertilizer on its own. The presence of ammonium sulfate stabilizes the
granulation process; therefore, it is recommended to add sulfuric acid from thermal phosphoric acid to the
diammonium phosphate composition.

Key words: fertilizer, ammonium sulfate, extraction phosphoric acid, diammonium phosphate,
decomposition.

Introduction. Scientists of the Department of Chemical Technology of Inorganic Substances of the non-
profit joint-stock company of M. Auezov South Kazakhstan University are studying effective methods of
improving chemical and physical processes [1]. The article discusses one of the ways to further improve the
technology for the production of phosphoric acid from off-balance phosphorites of the Zhanatas deposit.

A feature of the decomposition of phosphate raw materials containing carbonates [1] are chemical reactions:

Ca,(PO,), + 3H,80, + 2H,0 — CaS0O,-2H,0 + 2H,PO, (1)
2(Ca,Mg)(CO,),+2H,80, — CaSO, + MgSO0, + 2H,0 + 280, )

At relatively low temperatures, the rate of decomposition of carbonates and phosphates is about the same.
However, as temperatures rise to 80°C, the rate of carbonate decomposition increases rapidly [2,3]. This leads
to the fact that at the initial stage of decomposition of the mineral gray acid often interacts with the carbonate-
forming phosphorite with the strong release of carbon dioxide and the reaction mass.

In conventional known technologies, operating in a mixture of phosphorite and apatite [4], the extractor is
dosed together with the phosphate raw material. In this case, sulfuric acid is fed together with the circulating
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acid entering the extractor. Calcium sulfate, formed as a result of the rapid reaction of phosphorite with
sulfuric acid, gets on the still insoluble apatite particles and prevents the sulfuric acid from spreading over the
surface of the unreacted apatite particles [5]. In addition, the high rate of formation of calcium sulfate leads to
the precipitation of small crystals. These factors explain the slower decomposition of apatite, an increase in
the time of formation of small crystals, and a decrease in the productivity of the filtration stage [6].

Materials and methods. To study the kinetics and mechanism of phosphorite decomposition, Zhanatas
used phosphorite of the next composition,%: P,0,-18.14, CaO-25.1, MgO-2.43, AL,0,-1.01, Fe,0,-0.58, F-
3.0, CO2-12.55, LR (insoluble residue)-24.8.

The study of the kinetics and mechanism of decomposition of phosphorite was carried out according to
the following method [7,8]. In a three-necked flask located in a thermostat, load phosphate rock into a dilute
solution (22% P,0Os) heated to the required temperature. After 30 minutes, add the calculated amount of
sulfuric acid. The temperature in the reactor is 75°C. The amount of sulfuric acid was calculated as the amount
of total calcium bound to calcium sulfate. Acid levels were determined by stoichiometry in all experiments
[9]. The total mixing time of the reagents was 5 hours.

Results. The results of the study are presented in Table 1.

Table 1. Influence of various parameters on the degree of decomposition of phosphate-silicon raw materials
of the Zhanatas deposit.

Table 1. Stoichiometric value of sulfuric acid, temperature -75°C.
Ne Sulfuric acid ~ Mixing time of phosphorite with The degree of decomposition of raw materials, %

concentration,% circulating phosphoric acid, min. by experience in the middle
L:S=2.5:1

1 56 15 77.1 76.8

2 56 15 76.5

3 75 15 71.2 70.5

4 75 15 69.8

5 75 60 69.8 69.0

6 75 60 68.2

7 92 15 74.2 70.5

8 92 15 66.8

9 92 60 70.9 69.7
10 92 60 68.5

L:S=4:1

11 92 60 75.2 75.2
12 92 60 75.2

According to the analysis of Table 1, mixing phosphoric acid with phosphoric acid for 15-60 minutes
does not indicate the actual effect on the degree of decomposition of phosphorite. Experiments 3.4 and 5.6
differ from each other only by mixing phosphoric acid, the degree of decomposition of phosphorite is 70.5
and 69.0%, respectively [10,11]. In experiments 7.8 and 9.10 it is 70.5 and 69.7% respectively. Increasing the
ratio of L:S in the mass with 2.5:1 to 4:1 increases the rate of decomposition of all by 4-5% [12]. Therefore,
the deposition of phosphate-silicon raw material at the site of Zhanatas was taken in an equal ratio of 2.5:1 in
relation to L:S. Since its further increase is not economically important. After selecting the L:S relationship,
the effects of time and temperature on the phosphorite decomposition were studied. The results of the study
are presented in Figure 1.
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Figure 1. The degree of decomposition of phosphorite is different.

Temperature dependence of process time.

Discussion. As you can see in Figure 1, the curves show that when the temperature rises from 75°C
to 95°C, the decomposition time of phosphorite decreases by 2 times [13,14]. The increase in the rate of
decomposition of phosphorite with increasing temperature is explained by an increase in the rate of chemical
reactions [15]. In this case, the viscosity of the liquid decreases, and the diffusion rate of the components

increases.
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Figure 2 - The rate of decomposition of phosphorite in raw materials.

mass fraction dependence (in logarithmic coordinates).
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According to the analysis shown in Figure 2, the dependence of the decomposition rate on the current
value of the mass fraction of phosphorite flour shows that a wide range of changes in the concentration of

phosphate raw materials does not change and is determined by the equation:

diddddd
___ = 0.038iifo-78

dddddddd

m - mass fraction
Fig. 3 shows the temperature dependence of the efficiency of decomposition of phosphorite. The figure
shows that for the decomposition of 98% of phosphorite it takes more than 6 hours at 75°C, respectively, at

other temperatures 85°C - 4.5 hours, 95°C - 3.5 hours, 120°C - 3 hours.
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Figure 3. Temperature dependence of the efficiency of phosphorite decomposition.

Fig 4 showsthe effect of P,Os concentration and temperature on the crystalline composition of
phosphogypsum formed during the decomposition of phosphate raw materials.
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Figure 4. Influence of P»Os concentration and temperature on the composition
of phosphogypsum crystals.

As can be seen from Figure 4, the deposition of crystals of gypsum dihydrate can occur at temperatures
below 95°C. In this case, the process takes 5 hours. At 70°C, the extraction process is completed only after
6 hours (curve-4 in Figure 3). As seen in Figure 4, the process is completed in 3 hours at 120°C. Thus, the
process of obtaining EPA at a temperature of 120°C can be described as a polyhydrate process.
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The temperature dependence of the rate constant of the process has the form of the Arrhenius equation:

EEEE
InK=45- __
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Based on the data obtained, the activity energy of the process was calculated:
E, .. .=5.33k]/mole
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Figure 5. Reverse temperature dependence of stability of process speed.

The values of the stability of the process in dihydrate mode at 75.80 and 95°C and the value of the stability
of the speed at 120°C, when the process is in semi-hydrate mode, are located on the same straight line as the
coordinates of Arrenus 5. the transition from dihydrate to semi-hydrate mode is preserved [7,15]. The resulting
value of activation energy — 5.33 kJ/mole testifies to the fact that the diffusion process is a threshold stage of
the extraction process. However, intensive mechanical mixing of the entire volume of the system used in the
experiments does not affect the rate of decomposition of phosphate raw materials [16]. This indicates that the
critical period represents a slow process of diffusion, which occurs directly in the raw material.

Conclusion. Based on the results of the study, the following most effective indicators for phosphate-
siliceous raw materials from the Zhanatas deposit were selected:

- The process time for the extraction of the dihydrate is 4-6 hours.The temperature of the extraction
process is 85-90°C.

To achieve effective and accurate research results, modern instruments and equipment were selected.
The chemical composition of off-balance phosphorites of the Zhanatas deposit was determined, on the basis
of which the mineralogical composition of the ore was calculated, taking into account the X-ray phase and
IR spectroscopic analysis. Mineral content in phosphate-silicon raw materials(%): phosphorite, silicon,
dolomite. For the extraction of phosphoric acid, an off-balance phosphate-silicon raw material from the
Zhanatas deposit was selected.

The coefficient of decomposition of effective silicophosphate raw materials by the method of extracting
phosphoric acid from off-balance phosphate-silicon raw materials of the Zhanatas deposit is 98°C; leaching
coefficient of phosphogypsum 98.5-99.0; the time of the extraction process for the dihydrate is 240-390 min;
The temperature of the extraction process is 85-90°C. indicators are defined.

Il aiimepaenosa I'.C."", "Kanracos K.T.!, lopmemxun O.5.2, Kagpipoaesa A.A.!, Ceiitxanosa A.B.!

M. AyesoB atbingarsl OHrycrik Kasakcran yrusepeureri, [lsivkent, Kaszaxcran;
*Benapyccus MemsiekeTtik TeXHOMOrusubIK Y HuBepeureTi, Mutck, Benapycs.
E-mail: danelO1kz@gmail.com

KAHATAC KEH OPBIHHBIH BAJTIAHBICTAH ThIC ®OC®OPUTTEPIHIH bI/IbIPAY
KUHETUKACBHI ZKOHE MEXAHUWU3MI

AHHOTanus. DKcTpakuusuiblK Gocdop KeukewbH (DDPK) enmipyi Herisri XxuMusi eHepkaciOiHmeri
eH ipi eHmipictepain Oipi. OuaipinreH $Gocop KbIIKBUIBIHBIH HETI3T1 yieci TUTUApatTThl aaicned 24,5%
P,Os dochopurren eHmipineni. OHIENETIH INUKI3ATTHl canacblHa OallaHBICTBI Kypambiaaa 22-32%
P>Os GonaThIH KBILKBUT allyFa MYMKiHIIK Oepeni. Juruapartel opici eHIIPICTIK TaxipuOeae eH NaMbiFaH
omictepain Oipi 60bIT TaOBUIaABI. OHBI )KaKCcapTy HET131HEH MPOIIECTI KApKBIHIATYFa, TEMITepaTypa TOPTIOiH
(peXUMiH) OHTaHIAHABIPYFa XKOHE TYPaKTaHABIPYFa OaFbITTAIFAH jKaHA almapaTThIK MeniMaep Kaobuimay
xonbIHaa )Kypei. Docdop KbIIKBUIBI OHAIPICiHIH 3aMaHayH 1aMybl MaHbI3/Ibl TEXHOJOTHSUIBIK ©3repicTepre
YIIBIpaybl MYMKiH. TEPMHSUIBIK (OChOpP KBILIKBUIBIHAH, COHBIMEH KaTap SKCTPAKIHUSIBIK GOChOpP KbIILIKBLTBI
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a;yra OOJATBIHBIH JKOHE OJ1 VIIIH IKCTPAKIUSIIBIK (hochop KBIMIKBUTHI €Ki CaThUTBl Tasajay IMPOICCiHEH
otkizineni. TeiHaliTKpI JJAD KypambiHa auammonuiidocdar sxkoHe MoHOaMMOHUI(ocdaT, COHBIMEH KaTap
Oacrankbl Gochop KBIIKBUIBIHBIH KypaMblHAaFbl OipHelIe Kocnamap Kipeai. DKCTpakuusuiblk (ocdop
KBIIKBIIBI TeK KaHa P>Os IIOFBIPHIMEH FaHA epeKIIeNeHIN KOWMalabl, COHBIMEH KaTap KYpambIHAaFbl
KOCTIaJlapMEH J€ epeKlleNeHel. DKCTPaKUMsIIbIK (ochop KBIIKBUIBI KYpaMbIHAAFBl HETI3r1 Kocmaiap
KYKIPT KbIIIKBUIBI, KAIbLUK, MarHui, Temip, (Top, alOMUHAN, KPEMHHH, HATPUN, KWK JKOHE eeMIi
3arTap OonbIm TaObUIaAel. OMapablH OapIBIFBl MEPITiK THaMMOHUHGOChAT KYpaMbl MEH TEXHOJIOTHSICHIHA
ocep eTei. AMMOHHU3AMSIIIAP YPIici Ke3iHae SIKCTPaKIUSIIBIK Gochop KBIIKBUTE KYpaMbIHaH KOCITaaapIbIH
Oip Oeuiri cyna epiMedTiH Qopmara eTil, KOMMAaKbIHHBIH PEOJIOTUSUIBIK KaCUETIHE, KOPEKTIiK 3aTTapAblH
epITIITITI MEH CIHIpIMAUTITiHE 9cep eTei. DKCTPaKIHUIIBIK (ocdop KBIIKBLIIH KYpaMBIHIAFEI HET13Ti KocTa
KYKIPT KBIIIKBUTBI, OJ1 OeirepanTtay Ke3iHae aMMOHWHN Cynb(aTeiHa oTeni. AMMOHHN Cymb(aThl TYPaKTHI
A3rUIPOCKOMNMSIIBI TY3, O ©3IiMHEeH THIHANTKBIII peTiHAe maiaananyra 0omajasl. AMMOHHN Cylb(GaThIHBIH
KaTBICYBI TYHIPIIIKTEY YPAICIH TYPAKTaHIBIPAIbI, COHABIKTAH TEPMUSIIBIK (pocHOp KBIITKBUTBIHAH aJTbIHATHIH
muamMMoHupochaTThIH KypaMbIHa KYKIPT KBITIIKBIIBIH KOCY YCHIHBLTAIBI.

Tyiiinai  ce3mep: THIHAUTKBII, aMMOHHMHA CynbaTbl, SKCTPAKUMSUIBIK (ochop  KHIIIKBLIG,
nuamMMmoHuiigocdar, pLabIpary.

Ilaiimepaenosa I'.C."", Kanracos K.T.!, Jopmemxun O.B.%, Kaabip6aesa A.A.!, Ceiitxanosa A.B.!
KHUHETHUKA U MEXAHUW3M PA3JIOKEHUSI HU3KOKAYECTBEHHBIX ®OC®OPUTOB
MECTOPOXIEHUSA 'KAHATAC

Annortauus. [IpousBonctBo skctpakTuBHOU Qocpoproil kuciaotel (DPK) - ogHO M3 KpymHEHIImx
B OCHOBHOM XHMHUYECKOW MPOMBIIIICHHOCTH. OCHOBHYIO YacTh MPOU3BOIUMOMN (hochopHOM KHCITOTHI
nosrydatot guruaparom u3 24,5% dochopura P,Os. B 3aBucumocti oT KauectBa 00padbaThIBAEMOTO CHIPhS
MOJKHO TIOJTYYUTh KUCIIOTY, coepikaItyto 22-32% P,0s. JluruapatHelil METO - OJTUH U3 HanOO0JIee pa3BUTHIX
B IIPOM3BOJICTBEHHOM TIpakTHKe. Ero yiydinenrne B OCHOBHOM CBS3aHO C BHEJIPEHHEM HOBBIX aIlapaTypHBIX
pelIeHuil, HarpaBieHHBIX Ha HHTEHCH(HUKAIIAIO TIPOIIECCa, ONTHMH3AIINIO U CTAOMITN3AIUI0 TEMIIEPATypHOTO
pexxkuma (pexxnma). CoBpeMEHHOE pa3BUTHE MPOU3BOACTBA (OCHOPHON KUCIOTHI MOXKET HPETEPIETh

ISSN 2224-5227 6.2021

3HAYHUTENILHBIC TEXHOJIOTUYECKUE H3MEHEHHS: TepMuueckas pocdopHas KUCIoTa, a TakKe IKCTPAKIIMOHHAS
(dbocdopHast kucnoTa, ¥ JUIs 3TOU IKCTpakuuu GocopHas KUCI0Ta MPOXOJUT JBYXCTYIICHYATHIN MPOIIECC
ouucTku. Ynoopenue JJAD coxepxkur nuammonuiidocdar u MoHoaMMOHUIpochaT, a TakKe HECKOJIBKO
M00aBOK, COAEpXKAIUX TepBUYHYI0 (PochopHYI0 KHCIOTY. OKCTpaknmuoHHas QochopHas KucioTa
OTJIMYAETCSl HE TOJNBKO KOHIeHTpanued P>Os, HO u comepkanueMm npumeceii. OCHOBHBIMU JTOOABKaMH B
AKCTPAKIIMOHHYIO (DOCHOPHYIO KHUCIIOTY SIBISIFOTCSI CEpPHAsl KHCIOTa, KaJbIWW, MarHWi, xeie3o, (QpTop,
AJIOMUHUN, KPEMHUM, HATPUH, KaJIU U pa3MepHbIe BellecTBa. [IpakTuueckn BCe€ OHU BIUSAIOT HA COCTaB U
TEXHOJIOTHIO TuamMMmoHuiigocdara. B nmporiecce aMMOHU3AIMM HEKOTOPBIE MPUMECH M3 SKCTParupoBaHHON
(hocopHOI KUCIIOTHI MPEBPANIAIOTCS B HEPACTBOPUMYIO B BOZe (DOpPMy, YTO BIIMSET HA PEOJIOTMUYCCKUE
CBOWCTBa pe3epByapa, PaCTBOPUMOCTh W IMOMIIOIICHHE MUTATENBHBIX BellecTB. OCHOBHBIM KOMITOHEHTOM
AKCTPAKIIMOHHOW (POCHOpPHON KHUCIOTHI SBJISICTCS CEpHas KUCIIOTa, KOTOpas IpU HEWTpaln3aluu
npeBpamaercs B cyabpar ammonus. Cynb}at aMMOHHS-3TO CTa0MIbHAS a3UTPOCKOIIMYECKAsl COJIb, KOTOPYIO
MOJYKHO HCIIOJIb30BaTh Kak yIOOpPEHHE caMocToATeNbHO. Hammuue cynbpara aMMOHUS CTAOMIH3HPYET
MpoIiecc TPaHyJIUPOBaHHS, MOTOMY B COCTaB JuaMMOHHH(ochaTa peKOMEHIyeTcsl H00aBISTh CEPHYIO
KHCJIOTY M3 TepMUIECKOl (PochOpHON KHCIOTHI.

KiroueBble ciaoBa: yaoOpeHue, cyiabhaT aMMOHHUS, OKCTpakIHMOHHAass QocdopHas KHUCIIOTa,
IraMMOHHUI(ocdar, pasiokeHue.
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MEMORY OF SCIENTISTS

29.09.1932r. -16.09.2021 r.
J.x.H., npogeccop Hurmerona Po3a IllykypraiuesHa

HurmeroBa Poza lllykypranueBHa, kotopasi 18 neT Oblia 3aBedyromield 1abopaTopHel CBEPXUYUCTHIX
metamuioB MOKD HAH PK, a 3aTem — TJIaBHBIM HayYHBIM COTPYIHHUKOM 3TOH JIAOOPAaTOPHH.

Hurmerosa P.111. pogunack 29 centsiops 1932 r. B 1955 r okonumna xumnueckuit paxynbrer Kazaxckoro
l'ocynapctBennoro Yuusepcuteta uM. C.M. Kuposa. B 1955-1958 r. yunnacs B acmpantype MucTuTyTa
xumnueckux Hayk AH Ka3CCP nox pykoBoactBoM akajgemuka KosmoBckoro M.T. B 1958-1961 rr. -
CTapIINi JIA0OPAHT JIA0OPATOPUN aHATUTUYCCKOW XUMUH. 1962-1966 TT. — MiTaqIIuii HAy4HBIH COTPYIHHUK
nabopaTtopur aMmajabraMHOW XWMHUU MHCTHUTyTa XUMHYECKHX HayK. 1966-1969.rr. - crapmmii HaydHBIHI
COTPY/IHHK JIAOOPATOPUHU CBEPXUYHUCTHIX METAJUIOB MHCTHTYTa OpraHMYecKoro KaTainusa u 3JekTpoxumun AH
KazCCP. B 1980 r. P.1LI. HurmeToBa Bo3riaBuia 3Ty 1ab0paTOPHIO U TIOCBSTHIIA €€ paboTe U pa3BUTHIO BCIO
KHU3Hb, KAK KPYIHBIHA CIIEHAINCT B 0071acTH (PU3UKO-XUMHUH M TEPMOANHAMHUKY aMasibraMHbIX cucteM. P.II1.
HurmeroBa npuHuMana y4acTie B IpOBEICHUN BHEAPEHYECKUX PadOT Ha CBUHLIOBOM 3aBojie uM. KanunuHa,
r. YumkeHT. JluccepTalnio Ha COMCKAaHME CTENEHHM JOKTOpa XMMHUYECKHX Hayk «TepmonmHamuueckue u
(PM3UKO-XNMUYECKHE UCCIENOBAHUS KUAKUX CIDIABOB PTyTH ¢ MeTaiutamu 1I-V moarpynm nepuoaunaeckoit
cuctembl dneMeHToB» P. 1. Hurmerora 3amurina B 1984 1. Ha yueHom cosere MOKD, . Anma-ATa. P.111.
HurmeTtoBoii BriepBbie MPOBECHO CUCTEMATHIECKOE H3YUECHUE TEPMOJMHAMHUECKHIX U (PU3UKO-XUMUIECKHX
CBOWCTB TBOWHBIX U TPOMHBIX (22 CUCTEMBI) aMaJIbI'AMHBIX CHCTEM C FICTIOJIb30BAaHUEM OOIBIIIOTO KOJTNIEeCTBA
(U3UKO-XMMHUUECKUX METOJOB HCCIICAOBaHMA. V3ydyeHbl TepMOAMHAMHYECKHE CBOWCTBAa pa30aBICHHBIX
KUIKAX aMajbraM KaaMmusl, WHAMS, CBUHIIA, OJIOBA, BHCMYyTa, IMHKA NOpu Temmeparypax 25-200°C.
YcraHOBIIEHAa 3aBUCUMOCTh TEPMOJAMHAMHUYECKUX U (PU3MKO-XUMHUYECKMX CBOMCTB JKUAKUX aMajiblaM OT
[OJIOXKEHUSI METAJUIOB B IEPUOANYECKON CHCTEME 3JIEMEHTOB, YTO II03BOJIMJIO NIPOrHO3UPOBATH CBOWCTBA
elle HEeM3y4YeHHBIX cHucTeM. Ha OCHOBaHHMM IOJYYEHHBIX TEPMOAMHAMHMYECKHUX JIaHHBIX aMallbl'aMHBIX
CHUCTEM YCTaHOBJIEHbI KPUTEPUHU TTOBEACHNU MHOTOKOMIIOHEHTHBIX amMallbl'aM B JJFOMUHECIIEHTHBIX JIaMIIax.
B 1992 r. P.III. HurmeroBa nomyumia 3Banue npogdeccopa. P.I. HurmeroBoit onmy6mmkoBano okomno 200
Hay4YHBIX CTaTel ¥ MOJArOTOBIEHO COBMECTHO ¢ A.T.H. Ko3unsm JI.D. 7 kanaunatoB xumuyeckux Hayk. P.1LI.
HurmetoBa pabGorana y4deHsIM cekperapeM nucceprauuonHoro copera MOKD. Komnern coxpanmim o Helt
[aMsITh, KaK O IPUHLIUIINAIBHOM YYEHOM U OT3bIBUMBOM YEJIOBEKE.

CoTpyaIHNKH ¥ KOJJIETH.
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