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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,O,. Depending on the quality of the processed raw materials, an acid containing 22-32% P,O, 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,O, 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,S0, + 2H,0 — CaSO,-2H,0 + 2H,PO, (1)
2(Ca,Mg)(CO,),+2H,S0, — CaSO, + MgSO, + 2H,0 + 250, )

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 ,O.-18.14, CaO-25.1, Mg0O-2.43, ALLO,-1.01, Fe,0,-0.58,
F-3.0, CO,-12.55, 1.R (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,O,) 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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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:

d_m =0.038m°%78
dr
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,O, 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,O, 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:

InK = 4.5 £
nK =4 RT

Based on the data obtained, the activity energy of the process was calculated:
E . =5.33klJ/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.
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KUHETUKA U MEXAHU3M PA3JIO)KEHUS HU3BKOKAYECTBEHHBIX ®OCP®OPUTOB
MECTOPOXJIEHUS 'KAHATAC

Annoramus. [TpousBoactBo 3kcTpakTuBHOH (ochopHoi kucnotel (DDPK) - omHO U3 KpymHEHIUX
B OCHOBHOW XHUMHYECKOW NPOMBIIIICHHOCTH. OCHOBHYIO YacTh MPOM3BOAMMON (HOCHOPHOI KUCIOTHI
NOJTy4aroT uruaparom us 24,5% gocdopura P,O,. B 3aBUCMMOCTH OT KauecTBa 00pabaThIBAEMOTO ChIPbs
MOXHO TIOJTYYHUTh KUCIIOTY, conepikartyto 22-32% P,O,. JlurnapaTHbiii METOJ - OJIMH U3 HAKOOJIEE Pa3BUTHIX
B IIPOM3BOJICTBEHHOM NpakTHKe. Ero ynydiieHne B OCHOBHOM CBSI3aHO C BHEJJPEHHEM HOBBIX allliaparypHbBIX
peleHnH, HalpaBIeHHBIX Ha MHTEHCH(DUKAIHIO POoIecca, ONTUMH3AINIO U CTA0MITU3AIHIO TEMITEPATYPHOTO
pexknMa (pexxnma). COBpeMEHHOE pa3BUTHE MPOU3BOACTBA (POCHOPHOH KHUCIOTHI MOXKET MPETEPIIETh
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3HAYUTEJIbHbBIC TEXHOIOTUYECKUE U3MECHEHHS: TepMuuecKas GpochopHast KHUCIOTa, a TAKKE IKCTPaAKHOHHAS
¢docdopHas kucaoTa, U IS ITOM SKCTpakuuu (HocopHas KUCIOTa MPOXOANUT ABYXCTYICHUYATHIA MPOLEcC
ouncTku. Ynobpenne JAD comepxut nuammonuiidocdar u MoHoaMMoOHHUH(oOcHaT, a TakkKe HECKOIbKO
N00aBOK, coxepXKalmx MNepBUYHYI0 (GOochOpHYI0 KHCIOTY. OKCTpakuuoHHass ¢ocdopHas Kuciora
OTIIMYAETCA HE TOJNBKO KoHueHTpauued P,O,, Ho u conepxanueM npumeceid. OCHOBHBIMHU J100aBKamMu B
IKCTPAKIMOHHYIO (POCHOPHYIO KHCIOTY SBISIOTCS CEpHasl KHCIOTa, KalbLUi, MarHui, skeneszo, ¢QTop,
QIIOMUHMN, KPEMHUH, HATPHid, KaJIuii U pa3MepHbIe BellecTa. [IpakTnieckn Bce OHM BIMSIIOT HA COCTaB U
TEXHOJIOTHI0 TnaMMoHMi(pocdara. B mporecce aMMOHM3aIMKM HEKOTOPBIC TPUMECH U3 SKCTParupoBaHHON
(docdopHOl KUCIOTHI MPEBPALIAIOTCS B HEPACTBOPUMYIO B Boza€ (OpMY, UTO BIUSET Ha PEOJIOTHUECKUE
CBOMCTBa pe3epByapa, paCTBOPUMOCTb U TOIIOUICHUE MUTATENBHBIX BemecTB. OCHOBHBIM KOMIIOHEHTOM
IKCTPAKIMOHHON (POoChHOpPHOH KHUCIOTHI SBISIETCS CepHas KHCIOTa, KOTOpas IpH HEHTpalu3anuu
npeBpatiaercs B cyabdar ammonus. Cynbhar aMMOHHSA-3TO CTA0MIbHAS a3UTPOCKOIIMYECKAs! COJIb, KOTOPYIO
MOXHO HCIIONIb30BaTh Kak ynoOpeHue camocTositenbHo. Hamnume cynbdara amMMoHuMSI CTaOWIM3UpYyeET
npolecc IpaHyJIMpOBaHUs, TOATOMY B COCTaB IuaMMoHuH(ocdaTa pekoMeHayeTcs 100aBlsTh CEpHYIO
KHCJIOTY U3 TepMUUYECKOH (HOCHOPHOI KHCITOTHI.

KiroueBble cjoBa: ynoOpenue, cynbpar aMMOHHS, O3KCTpakUMOHHas QochopHas KHCIOTa,
naMMoHwuiidocdar, pasioxeHue.
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KAHATAC KEH OPBIHHBIH BAJTAHBICTAH ThIC ®OC®OPUTTEPIHIH bI/IBIPAY
KNUHETUKACBI 7)KOHE MEXAHU3MI

AHHOTanmusA. DKCTPaKIUsUIBIK Gocop KeIKeUIbH (DDK) enmipyi Herisri XuMusi eHepKaciOiHmeri
eH ipi enmipicTepai Oipi. OHuipinren gocdop KBIIKBUIBIHBIH HETI3T1 yieci AUruaAparThl oaicnieH 24,5%
PO, dochopurren eonmipineni. OHIENETIH WHMKI3aTThl camachiHa OalIaHBICTBl KypambiHaa 22-32%
PO, 0O0JaThIH KBIIIKBLT allyFa MYMKIiHAIK Oepemi. JurumparTel ofici eHIIpicTiK ToxipuOene eH JaMbIFaH
onictepaiH Oipi 6omnbin TabbUTaABl. OHBI )KaKcapTy HEri3iHeH MpolecTi KApKbIHAATYFa, TeMIIEpaTypa TopTiOiH
(pexuMiH) OHTAMIAHABIPYFa JKOHE TYpaKTaHABIPYyFa OarbITTaIIFaH KaHa arlapaTThIK HIenTimMaep KaObuiaay
KOBIH/Ia )Kypeai. Dochop KIIKBLTBI OHAIPICIHIH 3aMaHayu JaMybl MaHBI3Ibl TEXHOJIOTHSITBIK ©3TepicTepre
YIIBIpaybl MYMKiH. TEPMUSUTBIK POC(Op KBIIIKBIIBIHAH, COHBIMEH KaTap dKCTPAKIUUIIBIK PochOp KBIIKBUTBI
a;yra OOJATHIHBIH JKOHE OJI YIIiH IKCTPAKIUSIIBIK (Hochop KBIMKBUIBI €Ki CaThbUIbl Ta3ajidy MpOIeCiHeH
otkizineni. TeiHaliTKpI JJAD KypambiHa araMMoHuiidocdar xoHe MOHOAMMOHHI(OC]aT, COHBIMEH KaTap
Oactankpl (ochop KBIIKBUIBIHBIH KypaMbIHIAFbl OipHemie Kocnaiap Kipedi. DKcTpakuusuiblk (ocdop
KBIIIKBLIBI  Te€K KaHa P O, HMIOFBIPBIMEH FaHa €PEKINEIIEHIN KOMMakHIbl, COHBIMEH Karap KypaMbIHarbl
KOCIaJTapMeH JIe epeKIIeNeHeli. DKCTPAKIHMUIBIK (ocdop KBIIKBUIBI KYPaMBIHIAFBl HETI3ri Kocmaap
KYKIPT KBIIIKBUIBI, KaJbIIUH, MarHui, TeMip, GTop, aTFOMHHAN, KPEMHHNA, HATPUH, KaIUN KOHE OIIIeMIi
3arrap Oombin TaObuIaAbl. ONapabliH OapibIFEl Aepilik nuaMMoHuK(ochaT KypaMbl MEH TEXHOJIOTHSCHIHA
ocep erefi. AMMOHU3AIUSIIAP YPAiCi Ke3iH/e IKCTPAKIUSIIBIK (OCOp KBIIKBUTHI KYpaMbIHAH KOCTIAIaAP,IbIH
Oip Oediri cyna epiMeiiTiH (opMmara eTir, KOHMaIDKBIHHBIH PEOJIOTHSIIBIK KaCHETiHe, KOPEKTIK 3aTTap/IbIH
epIrilITiri MeH CiHIpiMIITiTiHe acep eTelli. DKCTPaKIUUIIBIK (pochop KBIIIKBUTEI KYPaMbIHIAFbI HET13T1 KOCTa
KYKIPT KBIIIKBUIBI, 0N OeliTepantay Ke3iHJIe aMMOHHU Cynb(arbiHa eTeli. AMMOHUN Cyab(paThl TYPaKThI
A3TUTPOCKOTIHSITBI TY3, OJ ©3/IiriHeH THIHAWTKBINI peTiHAe Maigananyra Oonaapl. AMMOHHN Cylb(haThIHBIH
KaTBICYbl TYHIPIIKTEY YPAICIH TYPaKTaHIBIPAIbl, COHIBIKTaH TEPMUSIIBIK (hOCHOP KBITIKBITBIHAH aTBIHATHIH
TUaMMOHUI(POCPATTHIH KypaMbIHa KYKIPT KBIIIKBIIBIH KOCY YCHIHBLIATBI.

Ty#inai ce3mep: THIHAUTKBIN, aMMOHHUH Cyiab(arbl, JKCTPAKIUSIBIK (OCHOp  KBIIIKBLIBL,
TuaMMOHUIpocdar, bIIbIpary.
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MEMORY OF SCIENTISTS

29.09.1932 r. -16.09.2021 r.
J.x.H., npoeccop Hurmerona Poza Lllykypraiuesna

HurmeroBa Poza IllykypramueBHa, kotopas 18 meT ObLia 3aBeAyromIel JrabopaTopueil CBEPXYMCTHIX
metamoB MOKD HAH PK, a 3atem — maBHBIM Hay9HBIM COTPYIHHUKOM 3TOH T1a00paTOpHH.

Hurmerosa P.I1I. pomunack 29 centaopst 1932 1. B 1955 r okonumnna xumudeckuit paxynsrer Kazaxckoro
TocynapcrBennoro Yuusepcutera um. C.M. Kupopa. B 1955-1958 r. yuunace B acnupantype MHcTuTyTa
xumuyeckux Hayk AH Ka3CCP mon pykoBoxnctBom akanemuka Kosznosckoro M.T. B 1958-1961 rr. -
cTapmuii 1abopaHT JabopaTopuy aHATMTHIECKON XuMHH. 1962-1966 TT. — MIaAmuil HAyIHBIH COTPYIHUK
nabopaTopuu amManbraMHoOW XUMUU MHCTHTyTa XUMHUYecKHX HayK. 1966-1969.rr. - crapmmii HaydHBIH
COTPY/AHUK J1a00paTOPUU CBEPXUYHUCTHIX METaJUIOB VHCTUTYyTa OpraHU4ecKoro Karaiusa 1 anekrpoxumun AH
Ka3CCP. B 1980 r. P.I1I. HurmeroBa Bo3mitaBmia 3Ty J1a00OpaTOpHUIO U MOCBATHIIA €€ paboTe U Pa3BUTHIO BCIO
KH3Hb, KAK KPYIHBIH CIIEUAIUCT B 00JIACTH (PU3UKO-XMMHUH U TEPMOANHAMMKH amMajibraMHbIx cuctem. P11
HurmeroBa npuHrMaa ydyacTye B IPOBEACHUH BHEIPEHUYECKUX PadOT Ha CBUHLIOBOM 3aBozae UM. Kannnuna,
. UuMkeHT. JluccepTannio Ha COUCKaHME CTENEHU JIOKTOpa XMMHUYECKHX HayK «TepMoguHamMuueckue u
(U3UKO-XMMHUYECKHIE HCCIEIOBAaHNS )KUAKUX CIUIABOB PTYTH ¢ MeTaiuiamu [I-V moarpynn nepuonuueckoi
cuctemsl 3nemenToB» P. III. Hurmerona 3anmutiiia B 1984 r. Ha yueHom cosere MOKD, . Anma-Ara. P.II.
HurmeTtoBoii BriepBble IPOBEAECHO CUCTEMATUYECKOE N3YUEHUE TEPMOIUHAMUYECKUX U (PU3NKO-XUMHUYECKHX
CBOMCTB JIBOWHBIX M TPOHHBIX (22 cHCTEMBI) aMaJIbTaMHBIX CUCTEM C UCIIOIb30BaHUEM OOJIBIIOTO KOJUYECTBA
(U3UKO-XMMHUYECKUX METOJOB HcCcienoBaHus. V3ydeHbl TepMOOMHAMHYECKUE CBOMCTBA pa30aBICHHBIX
KUJKUAX aMalibraM KaJMMs, WHOUSl, CBUHIIA, OJIOBA, BUCMYTAa, LMHKAa Ipu Temmeparypax 25-200°C.
YcraHoBIEHA 3aBHCUMOCTh TEPMOJMHAMHUYECKUX M (PU3MKO-XMMHUYECKHUX CBOWMCTB JKUAKHMX aMallbl'aM OT
MOJIOKEHHUS METAJIOB B IEPHOAMYECKON CHUCTEME 3JIEMEHTOB, YTO MO3BOJMJIO NMPOrHO3MPOBATh CBOICTBA
elle HEeM3yYeHHbIX cHUcTeM. Ha OCHOBaHMH MNOJIyYEHHBIX TEPMOAMHAMHMYECKHX IaHHBIX amajiblaMHBIX
CHCTEM YCTaHOBJICHBI KPUTEPHHU MOBEJCHNUS MHOTOKOMIIOHEHTHBIX aMajblaM B JJIOMUHECLEHTHBIX JIaMIlax.
B 1992 1. P1I. HurmeroBa momyumia 3Banue npodeccopa. P.II. Hurmerooit omybmmukoBano oxono 200
Hay4yHBIX CTaTei U MOATOTOBJIECHO COBMECTHO C I.T.H. Kozunbim JI.®. 7 kanauaaroB xumuueckux Hayk. P.III.
HurmeroBa paborana ydeHbIM cekpeTapeM aucceprarmonHoro copera MOKD. Komnern coxpanunm o Heit
aMsITh, KaK O MPUHLIUIINAIBHOM YYCHOM U OT3bIBUNBOM UEIIOBEKE.

CoTpyasHMKH U KOJLJIeTH.
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