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AHHOTanMsl. BbINOJHEHb! JKCIEPUMEHTANbHBIE MCCIEAOBAHMS KUHETUKHM M MEXaHM3Ma Ipoliecca, pas3iokeHus anaturta (ochopHoi
kuciorol, B cucreme Anarut-H3POs-H20 6e3 nodasnenus cepHoit kucnotsl. VicenenoBanue npoiecca pasnoxkenus Kogopckoro anarura ¢
ONpeIENEHHBIMHI PAa3MEPAMH YACTHII IPOBOIWIIN B PEAKTOPE MEPUOIMYECKOTO AEHCTBHS 00beMOM | M P IepeMeNMBaHIY PEAKIIMOHHOM
CMecH, M HadaibHOI KoHIeHTpamuu dochopHoi kuciorsl 17% Macc., npu temmepatype 78—82 °C. HabmoneHue 3a X0moM Iporecca
OCYIIECTBILUIA HOCPEICTBOM OIpEAENICHHs KOHIECHTpanuu (GocqopHOl KUCIOTH M KOHLEHTPAIMU MOHOKambluiidocdaTa. KucaorHocTs
pEaKLMOHHON cMecH omnpenelsuiy 1o nokazanusMm pH-metpa (pH-105 MA ¢ anekTpooM cTeKIsIHHBIM KoMOuHHpoBaHHEIM — DCK-10603).
ITokazaHo, 4TO B X0/i€ BCEro Ipoliecca MPOUCXOAUT MOCTOSHHOE IJIaBHOE yBenudeHue 3HaueHus pH peakimonnoit cmecu 1o 3Hadenus pH 6.
CpaBrenue 3HaueHuil pH peakioHHOW cMecH B XOje mpoiiecca mpu (akTUIeCKOW B MOMEHT OMpEIeSieHUs] KOHIEHTpauuu (GpocopHoit
KACJIOTHI U 3Ha4YeHuit pH GochopHO KHCIOTHI COOTBETCTBYIOIICH KOHIIGHTPAIMK B BOJHOM pPacTBOPE MOKa3bIBAET, 4TO Ha 3HaueHue pH
PEaKILMOHHOW CMECH CYIIECTBEHHO BIMSIET PUCYTCTBHE refis MOHOKanblumiidocara. B xozne nporecca B TedeHHE MEPBBIX TPUALATH MUHYT
MPOUCXOJHUT YMEHbLIEHHE KOHLEHTpauuu pocopHoit kuciaorsl ¢ 17 no 10% Macc., COOTBETCTBYIOLIEE KOJIMUECTBEHHOE 00pa30BaHUe res
MOHOKaJbluiipochara ¥ NPONOPLUOHATEHOE yBelIWYeHHE 3HaueHWH pH peakumonHo# cmecu. Ilo Mepe yMEHBbIICHHS KOHIICHTpPAaLUH
(ochopHOIi KUCITOTHI IPOLECC 3aMEIIIACTCS U B YCIOBUSX IIPOBEICHHS SKCIIEPHMEHTA IPOTEKAET He 10 KOHIA. 3aBUCHMOCTh KOHIICHTPALUH
HOHOB BOJOpOJia B PEAKIMOHHON CMECH OT BPEMCHH IIPOTEKaHUs IIpoLecca Pa3JIOKeHHs amaTuta B (GocOpHOIl KHCIOTE, KOTOpoe
NPEJCTaBICHO B JIOrapuPMUUYECKHX KOOpAMHATAX, IOKA3bIBACT, YTO MEXaHU3M Ipolecca 00pa30BaHMs MOHOB BOAOPOJA B XOJE BCErO
npotiecca He MeHseTcs. TakiuM 00pa3oM MOKa3aHo, YTO MPOLIECC Pas3IoKeHHs anatiuta GocopHOi KucioToi B cucteme anatut-H3PO4-H20
npoTekaer ¢ oOpa3oBaHUEM MNPOMEXKYTOUYHOrO INPOAYKTa — reist MoHoOKampuumiipocdara. IIpm 3TOM HpPOMCXOIUT COOTBETCTBYIOLIEE
3HAUUTENILHOE M3MEHEHHE 3HaYeHMI BenuuuHbl pH peakumoHHO#M cMecu. B xone Bcero mpoiiecca NpOMCXOJUT MOCTOSIHHOE YMEHbILICHHE
KOHICHTpauu GochopHOil KHCIOTHL.
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Mechanism of the process of decomposition of apatitis with
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Abstract. Experimental studies of the kinetics and mechanism of the process, decomposition of apatite by phosphoric acid, in the Apatite-
H3PO4-H20 system without the addition of sulfuric acid have been performed. The study of the decomposition process of Kovdorsky apatite
with certain particle sizes was carried out in a batch reactor with a volume of 1 dm® with stirring of the reaction mixture, and an initial
concentration of phosphoric acid of 17% by weight, at a temperature of 78—82 °C. Observation of the process was carried out by determining
the concentration of phosphoric acid and the concentration of monocalcium phosphate. The acidity of the reaction mixture was determined by
the pH meter readings (pH-105 MA with a glass combined-ESC-10603 electrode). It was shown that during the whole process a constant
smooth increase in the pH value of the reaction mixture to pH 6 occurs. Comparison of the pH values of the reaction mixture during the actual
at the time of determining the concentration of phosphoric acid and pH of phosphoric acid of the corresponding concentration in the aqueous
solution shows that the pH value of the reaction mixture is significantly affected by the presence of monocalcium phosphate gel. During the
process, during the first thirty minutes, the concentration of phosphoric acid decreases from 17 to 10% by weight, the corresponding
quantitative formation of monocalcium phosphate gel and a proportional increase in the pH of the reaction mixture. Then, as the concentration
of phosphoric acid decreases, the process slows down and does not proceed to the end under the experimental conditions. The dependence of
the concentration of hydrogen ions in the reaction mixture on the time of the process of decomposition of apatite in phosphoric acid, which is
presented in logarithmic coordinates, shows that the mechanism of formation of hydrogen ions during the whole process does not change.
Thus, it is shown that the process of decomposition of apatite by phosphoric acid in the Apatite-H3;POs-H20 system proceeds with the formation
of an intermediate product - monocalcium phosphate gel. When this occurs, a corresponding significant change in the pH values of the reaction
mixture occurs. During the whole process there is a constant decrease in the concentration of phosphoric acid.
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BBenenue

[Tpon3BONCTBO 3KCTPAKIIMOHHON (hochopHOH
kucinoTel (OPK) ocHOBaHO Ha paznoxxeHnu docdart-
HOT'O CBIPbsi cepHOH KucioToi [1]. B ocHoBHOM (hoc-
(hopHYIO KUCIOTY MPUMEHSIOT MPH MPOU3BOICTBE
MUHEpaIbHBIX ynoopenwii [2]. CortacHO JaHHBIM
International  Fertilizer Industry Association
OKHUJAeTCs POCT 00BEMOB MPOU3BOJICTBA IKCTPAK-
HOHHOW (dochopHO KHCTOTH 1m0 47,8 MIH T
(B mepecuére Ha P205) [3]. 3a maTHIICTHAN TTEPHOT
€KETOJIHBIA TPUPOCT COCTABUT 0KOJIO 3,9%.

MarepuaJibl 1 MeTOABI

C 1emnbro pacKphITHS MEXaHU3Ma BBIIIOJIHEHO
uccieqoBaHue mpouecca pasnoxeHus Komop-
CKOro amaturta c pasMmepamu vactun 0,16 MM
B PEAKTOpE MEPHOANYECKOro NEHCTBUS 00bEMOM
1 nM° mpy TIEpeMEMBAHNY PEAKIMOHHOM CMECH.
HauanpHas koHueHTpanus QocGOpHON KUCIOTHI
17% macc. [Ipouecc pa3inoxeHus OCyIeCTBISETCS
0e3 moOaBneHMs CEpHOI KUCIOTHL. Macca HaBeCKH
amatuta 50T, mpolecc pas3NoKeHHs anaThTa
ocyulecTBisieTcs npu temmeparype 78—82 °C.

B xozne mporecca onpenensig KOHLIEHTPALHUO
(ocdopHOil KHCIIOTBI W MOHOKaJbLuiiocdara [4].
KucnoTHOCTE peakiIMOHHOM CMECcH HAXOUIIH 11O T10-
kazanmsim pH-merpa (pH-105 MA ¢ anexTpogom
CTEKJITHHBIM KoMOuHMpoBaHHBIM — DCK-10603).
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Pucynok 1. 3aBucumocts pH peaknmnoHHOW cMmecH OT
BpPEMEHM NPOTEKaHHsi Mpoliecca pasiiokeHuss Komop-
ckoro amaruta B (ochopHoii kuciore. Pasmep uactwir
0,16 mm. Hauansnas xoHuentpanus H;PO4—17%

Figure 1. The dependence of the pH of the reaction
mixture on the time of the process of decomposition of
Kovdorsky apatite in phosphoric acid. The particle size
is 0.16 mm. Initial concentration of H;PO, — 17%
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JlaHHBIE SKCIIEPUMEHTAIEHOTO HWCCIIE0BA-
HUS Tpoliecca pasfioxeHusi anatuta (ochopHoi
KHCIIOTOH IpescTaBieHa Ha pucyHke 1-3. B xoze
mpoliecca MPOUCXOJUT IUIABHOE YBEJIIMYECHUE 3HA-
yerns pH peaxmonHoi cMecu A0 3HadeHus pH 6
(pucyHok 1). B nHawyane mnpoucxoauT ObICTpoe
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YMEHbIIIEHUE KOHIICHTpauu (HOochOpHOH KUCITOTHI
¢ 17 ngo 10% wmacc., mocie 3Toro mporecc UAET
MEIJIEHHO U He JI0 KOHIa (PUCYHOK 2), TIPH 3TOM
OJTHOBPEMEHHO TMPOUCXOIUT OOpa3oBaHHE TIelis
MOHOKanbITHiochaTa [5-8].
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Pucynox 1. 3aBHcHMOCTP MaccOBOH KOHIIEHTpPAILUU
¢dochopHOl KHCIOTHI W MOHOKalmblIMH(oOchara ot
BPEMEHH TPOTEKAHHS MPOIECCa PA3JIOKEHHS allaTUTa B
dochopuoit  kucnore. Pasmep wactuiy 0,16 mwm.
Temmneparypa 80 °C

Figure 1. The dependence of the mass concentration of
phosphoric acid and monocalcium phosphate on the time
of the process of decomposition of apatite in phosphoric
acid. Particle size 0.16 mm. Temperature 80 °C

CpaBHenne 3HaueHuil pH peakunoHHOMN
cmecu (pucyHok 1) u3nauenwit pH ¢ochopHoit
KHCIIOTHI B BOJTHOM PacTBope (PUCYHOK 3) MMOKa3bI-
BaeT, YTO Ha 3Ha4eHue pH peaknnoHHO cMecH Cy-
LIECTBEHHO BIIMSET NPUCYTCTBUE Tl MOHOKAb-
nuiidocdara.
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Pucynok 3. 3aBucumocts pH ¢ocdopHO# KucmoTsl B
BOJIHOM PacTBOpE OT KOHIIEHTpaliu (pocHOpHOI KUCITOTHI

Figure 3. The dependence of the pH of phosphoric acid in
aqueous solution on the concentration of phosphoric acid

3aBHCHUMOCTh KOHIICHTPAIUH HOHOB BOJIO-
pojia B peaKkIMOHHOM CMECH OT BPEMEHH TPOTEKa-
HUS TIpoIiecca pasjioxKeHus arnaTtuTa B PochopHOit
KHCJIOTE, KOTOPOE MPEACTABICHO B JIOrapudmude-
CKHMX KOOpJAWHATAX Ha PUCYHKE 4, IMOKa3bIBacCT,
YTO MEXaHW3M TIPoIlecca 00pa3OBaHUSA HOHOB BO-
nopoza He Mensiercs [9—12].
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PucyHox 4. 3aBUCUMOCTb KOHLIEHTPAIMH HOHOB BOJIOPOIA
B PEAKIIMOHHOM CMECH OT BpEMEHHU NPOTEKAHKS IpoIiecca
pasnoxxkernst KoBmopckoro amaruta B QochopHOit
KUCJIOTE B JIOTapU(PMHIECKUX KOOpIHHATAX

Figure 4. The dependence of the concentration of
hydrogen ions in the reaction mixture from the time of
the process of decomposition of Kovdorsky apatite in
phosphoric acid in logarithmic coordinates
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3akiouenue

VYcTaHoBIEH MEXaHU3M TpoLiecca pas3iioxke-
HUs amatuta (ocopHON KHUCIOTOH B cHCTEMeE
ammatut-H3PO4-H,O, KOTOpEIii B CHCTEME amaTHT-
H;P0O4-H,S0O4-H,O BrIIrOUaeT 2 ctaauu — CTaguro
B3aMMOJIeicTBUS anaTuta ¢ GocHopHON KUCTOTON
C TIONMy4YeHWeM Temlsl MOHOKambluidochara wu
pasnoKeHusI el MOHOKanbItniidocdara cepHOH
KHCIIOTOH. DKCIEPUMEHTAIBHO TOKa3aHo, YTO
nepBast CTaus NPOTEKAET M0 MEXaHU3MY B3aUMO-
necTBUs anatuta ¢ GocopHOit KUCITOTOM ¢ 00-
pa3oBaHMEM MPOMEKYTOYHOTO MPOAYKTa — Tels
MoHoKajJbuuidocdara. Ilpu 3TOM HMeeT mecTo
3HAYNTEIHHOEC W3MEHEHHE 3HAYCHUU BEITUYHHBI
pH peakuuonnoit cmecu. B xome mnporecca
HaOII0aeTCs MOCTOSHHOE YMEHbIIEHHE KOHIICH-
Tpauuu H3;POs.

12 Harada S., Kuwano S., Yamaoka Y., Yamada K.
et al. Kinetic resolution of secondary alcohols catalyzed by
chiral phosphoric acids // Angewandte Chemie
International Edition. 2013. V. 52. Ne 39. P. 10227-10230.
doi: 10.1002/anie.201304281
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