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N3meHeHHe KMCJIOTHOCTH Cpeibl B MPoLiecce Pa3jioKeHus anaTUuTa
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! KazaHCKHH HaIIMOHATLHBIN MCCIIEI0BATENbCKUI TEXHOIOTHIECKHH yHuBepeuter, yir. K. Mapkca 68, r. Kasans, 420015, Poccust
AHHOTanu. BEIIIOIHEHO 3KCIIepHIMEHTAaIbHOE HCCIEI0BAHIE IIpolecca pasioxeHus KoBopekoro anaTura ¢ onpeieéHHBIMI pa3MepaMu
YaCTHIl, B PEAKTOPE MEPUOIMYECKOrO JIEHCTBHS 00beMoM | IM> NP MepeMENIMBaHMM PEAKIMOHHON CMECH, HAYaIbHON KOHIEHTPAIUH
(docopuoit kuciotel 17% Mac. B cucteme: Anatut-H3;POs—H2SOs-H20O. CepHas KucioTa BBOJMIACH B CTEXHOMETPHIECKOM KOJIIMYECTBE B
Havase npouecca. [Ipouecc nposomuau npu coorHomenuu XK:T 2,5:1, npu temneparype 78-82°C. HaGmiomeHue 3a XoIoM Ipolecca
HPOBOJIIIN [0 METOJUKE COBMECTHOI'O OIPEIENCHHS CepHOI U (HocHOpHON KUCIOT THTPUMETPUUCCKHM aHAIM30M COCTaBa PEaKIHOHHON
CMECH B IPUCYTCTBUM METHJIOBOTO OpAaHwXeBOro, a 3arteM (eHondranenHa. Onpenessiin KOHUEHTpanuio (ocOpHOH KHCIOTHL,
KOHIICHTPALMIO M30BITOK WM HEIOCTATOK CEPHOM KHCJIOTHI M KOHICHTPALMIO Telisi MOHOKambuidochara. OUKCHPOBAIN KHCIOTHOCTH
peakunoHHO# cMmecu 1o nokazaHusaM pH-merpa (pH-105 MA ¢ anektponom crexissHHBIM KoMOuHMpoBaHHEIM — DCK-10603). B cucreme
anatut-H3POs—H>SO4-H20, npu aHanu3e NONY4EHHBIX SKCICPUMCHAIBHBIX 3HAUCHHI YKa3aHHBIX I1apaMETPOB IIOKa3aHO, YTO B XOZE
npouecca pH peakuuonHo# cMecu nosbliaercs 10 3HaueHuit pH 6,3 B reuenue nopsiaka 30 MUHYT, a 3aTe€M MPOUCXOIUT €ro0 yMEHbIICHUE
1o 3nauenuii pH 4,5-5. CpaBHeHHe 3aBUCUMOCTH 3HaYeHHH pH OT KOHIIEHTpALMU CEPHOI KMCIIOTHI B BOJHOM pacTBOpe (hoChOpHOM KUCIOTHI
¥ 3Ha4YeHui pH peakMOHHOIN cMecH NPU COOTBETCTBYIOIINX KOHIEHTPALMAX CEpHOU U (hochOpHOI KHUCIOT IOKa3bIBACT, YTo 3HadeHue pH
PEaKIOHHON CMECH ONpEeNsieTcs MPUCYTCTBYIOIIMM B CMECH IIPOMEXKYTOYHBIM IPOIYKTOM — rejieM MoHOKaiblmiidpocdara. IIpounecc
pasznoxxenus anartura B cucreMe anatut-HizPOs-H2SOs-H>O nporekaer B Heckonbko cTanuil. B Hauane mpoxogur ObICTpoOe pasiioKeHUe
(ocarHoro ceipbs HocOpHOI KHCIOTOI U COOTBETCTBYIOIIEE H3MEHEHUE pH peakIMOHHON cMeCH, CBI3aHHOE ¢ HAKOIUICHHEM B PAacTBOPE
MoHoOKanbiuidochaTa. 3aTeM HPOUCXOAUT MEUICHHOE pPa3loKeHHe MOHOKanbiuidochaTa CepHON KHCIOTOH W COOTBETCTBYIOIICE
ymenbiienne pH no 4,5-5. 3nauenne pH B KoHIle mporiecca ompeaensercs (pU3nKO-XUMHUYECKUME CBoicTBaMU (HOCHOPHON KHCIIOTHI
NPUCYTCTBYIOIIEH B PEaKLUHOHHOH cMecH. Ha Bcex craaumsx mpolecca MPOUCXOAUT MOCTOSHHOE YBEIMYEHHE KOHLEHTpauuu (ochopHoii
KHCJIOTBI CBSI3aHHOE C PA3JIOKEHUEM Telisi MOHOKaublmidocdara..
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Abstract. An experimental study of the decomposition process of Kovdorsky apatite with certain particle sizes, in a 1 dm3 batch reactor with
stirring of the reaction mixture, initial phosphoric acid concentration 17% by weight, in the system: Apatite-H3POs — H2SO4-H>O. Sulfuric acid
was introduced in stoichiometric amount at the beginning of the process. The process was carried out at a ratio L:S 2.5:1, at a temperature of 78—
82 °C. The process was monitored by the method of joint determination of sulfuric and phosphoric acids by titrimetric analysis of the composition
of the reaction mixture in the presence of methyl orange, and then phenolphthalein. Determined the concentration of phosphoric acid, the
concentration of excess or deficiency of sulfuric acid and the concentration of monocalcium phosphate gel were determined. The acidity of the
reaction mixture was recorded according to the indications of a Ph-meter (pH-105 MA with a combined glass electrode — ESK-10603). In the
system: Apatite-H;POs-H2SO4-H20, when analyzing the obtained experimental values of these parameters, it was shown that during the process
the pH of the reaction mixture rises to pH 6.3 for about 30 minutes, and then decreases to pH 4.5-5. Comparison of the dependence of pH values
on the concentration of sulfuric acid in an aqueous solution of phosphoric acid and the pH values of the reaction mixture with the corresponding
concentrations of sulfuric and phosphoric acids shows that the pH value of the reaction mixture is determined by the presence in the mixture
between weft product - monocalcium phosphate gel. The process of decomposition of apatite in the system Apatite-H3POs-H2SO4-H20 proceeds
in several stages. At the beginning, a rapid decomposition of phosphate raw materials with phosphoric acid and a corresponding change in the pH
of the reaction mixture, associated with the accumulation of monocalcium phosphate in solution, takes place. Then there is a slow decomposition
of monocalcium phosphate with sulfuric acid and a corresponding decrease in pH to 4.5-5. The pH value at the end of the process is determined
by the physicochemical properties of phosphoric acid present in the reaction mixture. At all stages of the process there is a constant increase in the
concentration of phosphoric acid associated with the decomposition of monocalcium phosphate gel.
Keywords: mechanism, kinetics, phosphoric acid, apatite, sulfuric acid, technology
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BBenenune

docdopHas KucIoTa SBIASETCS OCHOBHBIM
CBIPBEM ISl POM3BOACTBA (hOCHOPHBIX YIOOPEHUIA,
KOPMOBBIX JJ0OaBOK, MUHCEKTUIIMJIOB U APYTHX (hochop-
coziepKamux npoaykToB. [1o omeHke oTpacieBbIX
skcneproB Poccuiickoit denepanyy, KOIUIECTBO
MHUHEPAIBHBIX yJIOOpPEHUH, BHOCHMBIX B ITOYBBI
CeNbCKOXO03AHCTBEHHOTO Ha3HAUYEHHsI, 00Jiee ueM B
10 pa3 MeHpIIe HEOOXOIMMMOW IO HOpPMAaTH-
BaM [1,2]. B Hacrosimuee BpeMsl TNPOBOISATCS
WCCJICJIOBAaHUS, HANpPABJICHHBIE Ha PEATN3aINI0
ATaNoB MONYyYEHHs SKOJOTUUECKU YUCTBIX OTXOIIOB
OT TIpOM3BOICTBA yHoOpeHuii [3]. Obmiee MupoBoe
notpebieHre ¢GochaTHOTO CHIpbsS B HACTOALIEE
Bpemst coctasisieT Ooree 150 mimH T B roz. Oxorno 85%
(ochaTHOTO CBIPBS HCTIONB3YETCA TS IPOU3BOJICTBA
MUHEPATHHBIX YI0OpEHHI.

TexHonorus pochopconepkanmx yaoopeHui
OCHOBaHa Ha Pa3JIOXEHUH MPHUPOIHBIX (hocdaToB
kucioraMu. Benyrcs pa3paboTkd  croco0oB
KHCIIOTHOU mepepaboTke amatuta [4]. Hambonee
pacnpocTpanéHHBIHN cr1oco0 moayueHus PocHopHBIX
ynoOpenwuii — oo6padotka ¢ocharoB cepHOIt KHCITO-
TOﬁ, IIpU 3TOM MOJYYAOTCd KOHICHTPUPOBAHHBIC
ynoopenus. ®ochopHas KACIOTA ABISETCS OCHOB-
HBIM UCXOJHBIM ChIPhEM B IIPOU3BOJCTBE (hochop-
HBIX yaoOpenuii [5].

B 3aBucumocTH OT TemIiepaTypbl mpolecc
Pa3noXKEeHHs araTuTa MOYKHO BECTH AUTUAPATHBIM,
MONYTUAPATHBIM WIIM aHTWAPUTHBIM CIIOCO0aMHU TIPH
Pa3HBIX TeMIlepaTypax c moiay4eHueM QochopHoit
KHUCJIOTHI Pa3TUIHON KOHIIEHTpauH [6, 7].

MaTepna.m,l H METObI

C nenpro moucka uaeHTH(UKAIAN Mpolecca
BEITIOJTHEHO HCCIIEIOBAHHE TPOIIECCa Pa3IOKEeHHS
Kommopckoro amatuta ¢ pazmepamu gactail 0,16 Mm
B PEaKTOpe MEepUOUIECKOro IEHCTBUS 00BEMOM
1 1M Ipy TIEpeMENMBaHNK PEAKIIMOHHOM CMECH.
Havanenas koHueHtpanust (HocopHOH KHCIOTHI
17% wmacc. CepHasi KHCIIOTa BBOAWJIACH Cpa3y B
CTEXHOMETPHYECKOM KOJIMYECTBE TP HABECKE
amartuta 50 T u cootnomennu X:T 2,5:1, Temmepa-
Typa noaaepkusanace B mporecce 7882 °C [8].

HaOmonenne 3a xomoMm mporecca IPOBO-
I TI0 METOJUKE COBMECTHOTO OIpeneeHUs
cepHOi 1 PocHOpHON KUCIOT THTPUMETPHIECKAM
aHaJIM30M COCTaBa PEeaKIMOHHOM CMeCH B IPUCYT-
CTBHM METHJIOBOTO OPaH)XEBOTO, a 3aTeM (EHOI-
¢draneuna [9].

B pesymprare ompenensim copepKaHHe
¢dochopHON KUCIOTHI, U3OBITOK WJIM HEJOCTaTOK
CEPHOI KHCJIOTHI M COAEpPIKaHHWE TeNs MOHOKAIIb-
muiigocdara [10]. DukcupoBasu  KHCIOTHOCTH
PEaKkIMOHHOW cMecH Mo MokazaHusM pH-merpa
(pH-105 MA c 37eKTpooM CTEKJITHHBIM KOMOH-
HupoBaHHbIM — JCK-10603).
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Pe3yabTaThbl U 00CyKIEHHE

Ha pucynke 1 nokazaHa 3aBUCUMOCTb KOHLICH-
Tparmu (HocOpHOH U CEPHOM KHCIIOT B CHUCTEME
anatuT-H3PO4-H>SO4-H>O ot Bpemenn mpotexanust
nporrecca. 3HadeHus pH peakImmoHHOH cMecH B X071
nporiecca pasfioKeHUs anaThuTa B CUCTEME alaTHT-
H3PO4-H>SO4-H,O nokazaHb! Ha prcyHKe 2.
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PucyHok 1. 3aBHCUMOCTH MacCOBOM KOHIEHTPALUH
KHCJIOT B PEaKIMOHHON CMecCH OT BPEMEHHU NpPOTEKaHUs
MpoLecca pa3loXeH!s alaTuTa ¢ Ha4aJbHBIMU pa3MepamMu
gactun 0,16 MM

Figure 1. The dependence of the mass concentration of acids
in the reaction mixture on the time of the process of
decomposition of apatite with initial particle sizes of 0.16 mm
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Pucynok 2. 3aBucumocts pH peakipioHHO# cMecH OT BpeMeH!
MPOTEKaHM MPOLIECcca PA3NIOYKEHs allaTUTa B CHCTEME arlaTuT-
H3;PO4-H>SO4-H,0. Pazmepsr wactun 0,16 mm. HauanmpHoe
orHomenue XK:T 2,5:1. Temneparypa 80 °C

Figure 2. The dependence of the pH of the reaction mixture
on the time of the process of decomposition of apatite in
the system apatite-H;PO4-H,SO4-H,0. Particle size 0.16
mm. The initial ratio L:S 2,5:1. Temperature 80 °C

B cucreme anatut-H3PO4-H>SO4-H,O npu
temneparype 80 °C s3kcriepuMeHTaIbHO OKa3aHo,
4TO0 B XOJI¢ Tporiecca pH peaknnoHHOW cmecH
noBbIIIaeTca A0 3HayeHui! pH 6,3 B TeueHue mo-
psinka 30 MuH, a 3aTeM MPOUCXOIUT €r0 YMEHBILICHNE
1o 3Hauenuii pH 4,5-5,0. Ocrarounslii pH B kOHLIE
mpoiiecca onpeaensercs snadenuem pH docdop-
HoMl kucnotel [11, 12]. CpaBuenue 3Hauenuii pH
pacTBopa CEpHON KHCJIOTHI B BOJHOM pacTBOpE
¢dochopHO# KuCIOTHI (pUCyHOK 3) U 3HaueHuit pH
PEaKLOHHON CMeCH (PUCYHOK 2) IPH COOTBETCTBYIO-
MUX KOHIIEHTPAITHSIX CEPHON KHCIOTHI (PUCYHOK 1)
MOKa3bIBAET, YTO 3HaUeHue pH peaklimoHHON cMecH
onpezenseTcd NMPUCYTCTBYIOIIMM B CMECH TIEleM
MOHOKajbITuidocdara.
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pH
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mace

Pucynok 3. 3menenue Bemaunbl pH BostHOTO pactBopa ¢oc-
(hopHOM KHUCIIOTHI MPU HAYAIILHOM KOHIICHTpaImu GhochopHon
KHUCIIOTBI paBHOH 17%, pu 106aBIEHUN CEPHOM KUCIIOTHI
Figure 3. The change in pH of an aqueous solution of
phosphoric acid with an initial concentration of phosphoric
acid equal to 17% with the addition of sulfuric acid
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3akioueHne

IIponiecc pasnokeHus amnaTtura CEepHOU
kucnoroil B cucreme amatutT-HizPOs-H,SO4-H,O
MpOTEKaeT B HECKOJNbKO cTaauil. B Hauvase
YCTaHOBJIEHO OBICTpOe pasnokeHue (ochaTHoro
CBIpBSI W COOTBETCTBYyIOIIee wu3MeHeHne pH
PEaKIMOHHON CMECH, CBSI3aHHOE C HAKOIUICHHEM B
pacTBope MOHOKabITuiiocdaTa. 3aTeM MPOUCX0-
IuT MemieHHoe ymenemenne pH go 4,5-5,0.
[ocennee MPOUCXOMUT B PE3YIbTATE PA3TIOKEHUS
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