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TEMIIEPATYPHBIV OIITUMYM ITPOITECCA CEPHOKHCJIOTHOI'O
PA3JIOKEHUA USMEHEHHOT'O WJIBbMEHUTA

*TBY3 «YKpanHcKMii rocyaapcTBeHHbIIi XUMUKO-TEXHOJOTHYECKUil YHUBEpCUTET», I. {Henp
% lnenpoBCKMii HAMOHA/IbHBI yHuBepcuTeT uM. Ouecst T'onuapa, r. Henp

Wzydena kuHeTHKa mpoliecca cyabdaruzanuu 85%-Hoi cepHOil KMCIOTOM M3MEHEHHO-
ro WIbMeHUTa MabIIIIeBCKOTO MECTOPOXICHUS B U30TEPMUYECKUX YCIIOBUSIX B MHTEP-
Bajie Temmnepatyp 100—200°C. TTpoayKTel peakunu u3ydyeHbl MeTogamu PDA u Tepmu-
yeckoro aHanu3sa. [TokazaHo, 4To 3¢ (PeKTUBHOCTb U3BJICYEHUSI TUTAHA B MPOLIECCE CYJTb-
datuzanuu pu Temmnepatypax Boie 190°C yepe3 150—180 muH cynbdaru3aliuu yMeHb-
LIAETCsI, YTO OOBSACHSIETCS 00pa3oBaHMEM HEpPACTBOPMMOI B KUCJIOTaX IMOJUMEPHOM
dopmel TiOSO,. B npubankeHU IBYXCTaAUHON MOMEIN TIpoliecca CyabdaTu3aiuu ¢
JVMHATHPYIOIIMMU CTAIUSIMUA XUMHUUYECKOW peaklui U OMHOMEpHOU Tuddy3un paccuu-
TaHbl KOHCTaHTBI CKOPOCTH W OMpeAeSeHbl SHEPTMU aKTUBALUU U KaXIOW CTaauu
OTIEJIBHO 1O TUTaHY U XeJiedy. CieslaH BBIBOI, YTO TEMIIEPATYPHBII ONITUMYM TIpoliecca
cyiab(haTu3an U3BMEHEHHOTO MJIbMEHMTA OTpeesieTcsl IByMsl (pakTopaMu: JUTSI MaK-
CHMAaJIBHOTO YBEJIMYEHUsI CKOPOCTH TMpoliecca HeOOXOAMMO TTOBBIIIATh TEMIIEPATypy pe-
aKIIMOHHOM cMecu, ogHako HaumHas ¢ 200°C pe3Ko ycKopsieTcsl TIpoliecc MoJIMMepu3a-
uuu TiOSO,, B pe3yabTaTe KOTOPOTro 00pa3yeTcsi HEPAaCTBOPUMBIN B KMCJIOTaxX OCA/IOK.

KmoueBbie cioBa: cynbdaTu3zanysi, ICeBIOPYTWII, PYTUI, MJIBMEHUT, KOHCTaHTa CKOPO-

CTH, SHEPIus akKTUBALlUU.

Bseodenue

Kak uzBectHO, YKpanHa 061agaeT OOIIMPHbI-
MU 3aIllacaMy TUTAHOBBIX PYA B (pOpMe€ WMIBMEHU-
ToB. [losyyaeMble U3 3TUX MECTOPOXIECHUI WJIb-
MEHUTOBbIE KOHIIEHTPAThl OTJIMYAIOTCS CBOUM MU-
HEpaJOrMYeCKUM COCTaBOM M, COOTBETCTBEHHO,
XUMHWYECKMMU CBOMCTBaMHU. JlOCTOBEPHO YCTaHOB-
JIEHO, Hampumep, 4To 3(PppeKTUBHOCTh CEPHOKMC-
JIOTHOTO Pa3JIOoKeHUsI WJIbMEHUTOBBIX PYI 3aBUCUT
OT CTEINeHU UX M3MEHEHHOCTH (T.H. JIEKOKCEeHU-
3allMM) — FeOXMMUYECKOTO Mpoliecca BEBIHECEHUS U
okucneHus xejnesa(ll), B pe3yabrare KOTOPOro Uib-
Menut FeTiO, zamenraercsa ncepnopytmiiom Fe, Ti,Oy
U pyda oOoraiiaeTcs TUTaHOM (CoAepKaHWe TUTa-
Ha B pacuere Ha TiO, gocturaer 60—65 mac.%) [1].

HecMoTpst Ha BaXXHOCTh TEXHOJOTMHU CEPHO-
KWCJIOTHOTO Tepeena MIbMEHUTOBBIX Py, YMCIIO
MyOavMKaluuii 0 MexaHU3Me U KUHETUKE pacTBOpe-
HUSI WIBMEHUTA B CEPHOM KHCJIOTE OTHOCUTEJIBHO
Maiio [2—7]. Ellle MeHbIlIe 410 paboT, MOCBSILEH-
HBIX Mepepabd0TKe M3MEHEHHBIX UJIBMEHUTOB [8—
11].

JocToBEpHO YCTAHOBJIEHO, YTO B IIpolecce
CEPHOKUCJIOTHOM MepepaboTKU UJIbMEHUTOBBIX Py

OCHOBHBIMU TPOAYKTaMU SIBJISIIOTCSI COJIM COCTaBa
FeSO,, Fe,(SO,); u TiOSO,. Ilpu atom cyibdar
TUTaHWUJIa MOXET 00pa30BbIBATLCS B IBYX (popMax
— pacTBOpUMOII B 5%-HOii cepHOIl KUCIOTe (4YTO
HEe0oO0XOAMMO Ha CTaJAuM PacTBOPEHUS CIIeKa) U He-
pactBopuMoii. I'opoleHko u coarT. [10] mpuium
K BBIBOIY, YTO PACTBOPUMOM COJBIO TUTaHA B cep-
HOKHUCJIBIX PacTBOpAX SIBJISETCS €€ TMIpaTUpPOBaH-
Hast popma TiOSO,-H,SO,-H,0, a HepacTBopuMoit
— 6e3BonHas conb TiOSO,. Beixon 6e3BogHOTO TH-
TaHWIa cyJibaTa B MX OIbITaxX IO CyJIb(aTu3aluu
M3MEHEHHOIO WJIbMEHUTA XapaKTepU30BaJCs MO-
BOJIBHO MaJIOW BOCIIPOM3BOIMMOCTBIO U BApbUPO-
Bajics B aMana3oHe oT 1 mo 57%. B kadecTBe onTu-
MaJIbHBIX YCJIOBUM IJIST pa3ioKeHUsT U3MEHEHHOTO
WJIbMEHUTa aBTOPHI OMpeneuand TeMIlepaTypy
200°C, KOHLIEHTpALUIO CEpHOI K1CIOThI 88%, pac-
X0 KHUCJIOTHL 2,1—2,6 Mac.4. Ha 1 Mac.4. U3MeJb-
YEeHHOro KOHIIEHTpaTa M MPOAOJKUTEILHOCTh Ha-
rpeBaHus 1—3 4. B crmekax, mojydyaeMbIX B TaKUX
YCIOBUSX, YCTAHOBJIEHO HAaUMEHbIIIee ColepKaHue
6e3BogHOro TUTaHWICYabdaTa — oT 3 10 11%.

ITo manHbIM aBTOPOB [3] MpU cynbdaTU3aLun
TUTAHCOJEPXKAILETO ChIPhsl BBIXOJ IO TUTAHY C PO-
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CTOM TeMIIepaTyphbl OBLICTPO BO3pacTaeT M JOCTHUTA-
eT cBoero Makcumyma Tipm 160+2°C. Ipm Gomee
BBICOKMX TeMIIepaTypax COJb THTaHa B PacTBOPE
TMOABepTaeTcsa TUAPOIU3Y', YTO TIPUBOOUT K CHU-
KEHUIO ee colep:KaHus B pacTBope. [1pu Temmepa-
Type peakimoHHoil cMecu 200°C B peaKIIMOHHOM
cMecH 00pas3yloTCs arioMepaThl, KOTOpEIE He TOI-
JAIOTCS BEIIeTaYnBaHi0. OHU TIPEIIIoIaraoT, YTo
TaKWe arperaThl SBJISTIOTCS TTPOMYKTOM ITOJUMEpPH-
3allMK TUAPOJMU3HBIX popMm TuTaHa. OOpazoBaHUe
HEPacCTBOPUMBIX B 5%-HOI cepHOI KHCIIOTe arjio-
MEpaToB HaOmIomanu aBTOpHI [5,7] mpu mposene-
HUU CYyITb(aTU3alNN WIBMEHUTA PACTBOPAMH KUC-
qnotel 6osnee 80% m temmeparype 200°C. Ilo wmx
MHCHMIO TaKWe HepacTBOPMMEIE B KOHIIEHTPHPO-
BaHHOW CEpHOM KUCJIOTE arioMepaThl 00pa3yroTcs
B pe3yJibTare OJIOKMPOBAHMS TTOBEPXHOCTH YACTHI]
HeTIpopearnpoBaBIleii Pymbl ocagKaMu CyJIb(haToB
THTaHa W 3KeJe3a.

Haim uccnenosanus [10] mokasanu, 4yTo npu
MMPOBEICHNH TIpollecca CyabdaTn3aln U3MeHeH-
HOTO WJIBMEHWTA B YCJIOBUAX, MPUOMMKEHHBIX K
pernaMeHTHBIM ycioBUsIM OAQO «CyMbIXMMITPOM»
— temmeparypa 180°C u w(H,S0O,)=94%, conepxa-
HHME TUTaHa B pacTBOpE yXKe uepe3 25 MUH HauMHa-
€T YMEHBIIAThCS, HO TIPU CHUKEHWU TeMIIePaTyphl
1 KOHIIEHTPAIIMM CEpHOM KUCIOTHI 3KCTPEMYM Ha
KMHETHYECKNX KPUBBIX Mcue3all. Takie 3aKkoHOMep-
HOCTH XOPOIIIO OOBSICHSIETCA TIEPEXOIOM COMU THU-
TaHa B HEPACTBOPUMYIO (hOPMY, OMHAKO MPUINHBI
1 3aKOHOMEPHOCTH TaKOTO TPOIlecca OCTAINCh He-
BBISICHEHHBIMH.

Takum o6pa3oM, BOIPOCH TeMIIEPaTYPHOTO
OINTUMyMa TIpoliecca CEPHOKMCIOTHOTO pPa3jioxKe-
HUSA U3MEHEHHOTO MIbMEHNTA U MeXaHn3Ma 00pa-
30BaHMSI HEPACTBOPUMEIX (OpPM CYIb(paTHBIX CO-
JIeil TUTaHa OO CUX TIOP OCTAIOTCSA HUCKYCCHUOHHBI-
MH. DTO OTIPEACIMIIO LIeJTb HACTOSIINX UCCIeI0Ba-
HUI: Ha OCHOBAaHWYW KWHETUYECKUX MCCICTOBAHUI
Ipoliecca CEpHOKMCIIOTHOTO pPa3joXeHUs M3Me-
HEHHOTO WJIBMEHHUTA B M30TEPMUUYCCKUX YCIOBUSIX
OTIPEICIUTh €T0 KMHETUYCCKUE TTapaMeTPhl U TeM-
reparypy, Ipu KOTOPOI JOCTHTaeTCd MaKCUMallb-
Hasl CKOPOCTh CYTb(aTU3alNy P TapaHTUPOBaH-
HOM OTCYTCTBMU HEpPaCTBOPUMEIX (DopM cymbdar-
HBIX COJIEW TUTaHA.

Memoouka 3xcnepumenmos

B skcrneprMeHTax UCTIOTb30BAIA MIIEMEHUTO-
BBII KOHIIEHTpAT MaJbIIIIeBCKOTO MECTOPOKICHUS

CJICYTOIIETO XMMIUUYECKOTO cocTaBa (Mac.%): 41,04
Ti; 19,90 Fe; 37,19 O; 0,54 Mg; 0,19 Mn; 0,10 Cr;
0,08 P; 0,12 V; 0,42 Al; 0,37 Si; 0,04 Ca. Ero n3-
MeJTbUeHNE TIPOBOAIM B OapabaHHON MEITbHUIIE
MpU CIAeNYIOLIMX YCIOBUSIX: Macca obopasua — 100 r,
Macca HUJIMHIPUYECKUX Metoluux Te (40x40 mm)
— 3 KT, 00beM KOHTeiiHepa — 2 JI, CKOPOCTb Bpa-
meHns — 60 00./MUH, BpeMs U3MeTbueHnT — 1 u;
Mpoliecc Mmomoia — CyXoil.

IIponecc cynmbpdaTU3alliy WCCIEIOBAIN TIPU
MacCOBOM COOTHOIIIEHWM WJIBMEHUT/CepHas KUC-
jota=1:2, KOHLIEHTPALIMK CEPHOI KUCIIOTHI 85%, B
nHTepBase Temmepatyp 100+-200°C. HaBeckm 1o
0,46 T M3MENTBYCHHOTO MIBMEHUTOBOTO KOHIICHT-
para (<40 MKM) moMelliaJii B MPOOMPKU, B KOTO-
pele mo6asisuin o 0,50 Mt 85%-Hoii cepHOIt Kuc-
JoTel. [1poOupKM TToOMelman B TIUIEPUHOBYIO
0aHIO0, KOTOPYIO HarpeBajiM 10 TpeOyeMOil TeMIie-
patypbl. Ilocne cyabdaTuzauuu peakliMOHHYIO
CMeCh OXJIaXKAAJIM TOJI ITPOTOYHOM BOIOM (111 TOTO,
YTO0O OCTAaHOBUTb TpoLiecC CyabhaTh3ainm), Koau-
YeCTBEHHO TIEPEHOCUIIN B MEPHYIO KOJIOY, CMBIBAsT
ee pacTBOpPOM 5%-HOI cepHOM KHUCIIOTHI IS TIpe-
JIOTBpAICHUS TUAPOJIN3a COeNMHEHNI TuTaHa. Pa-
CTBOPBI JOBOIWIIA IO METKU, TIEPEMEIITNBATIN U OC-
TaBIISUTM HA CYTKW IS TIOJTHOTO BHITIETAUMBAHMS
CIIeKa M OCaXACHUS CYCIIeH3UN HeIpopearnpoBaB-
IIEW 4YaCTu PYIbI.

CogmepxaHue THUTaHa W Xejie3a B pacTBOpax
OTIpEeCIISIN CITEKTPO(MOTOMETPUUECKUA C WCIIONb-
3oBaHueM npubopa CD—46. TutaH onpenensiii B
BUJIE TIEPOKCUIHOTO KOMILIEKCA TIPU JIJTUHE BOJTHEI
410 um. IlpucyrcTBHE Keje3a MPU OINpeaeaeHUn
THTaHa MacKupoBam GochopHoi KrcaoToi. [1pu
oTpe/ielIeHNN 3Keje3a K aJMKBOTe pacTBopa IpH-
JBanu 1—2 MJT a30THOM KHMCJIOTH U HarpeBaJM J0
kuneHus: misi okucieHus Fe(Il). JobaBneHuem
pacTBopa aMMHMaKa OCaXIaan THMAPOKCUIBI TUTaHa
7 XeJie3a, CYCIIeH3UW KUTISTHIIA, a 3aTeM PacTBO-
pSUTH TUIPOKCH XKeJle3a Jo0aBIeHNEeM HeOOIbIII0-
TO KOJIMYECTBA COJSHOM KMCIOTHL. OcamoK TUAPO-
KCHIA TUTaHa OT(QWIBTPOBEIBAIM, TIPOMEIBATIN TO-
psyeil Bogoii M B (pMIIbTpaTe ONPEACIsIM COAEp-
XKaHMe Xeye3a B (popMe KOMILIEKCa ¢ Cyabdocann-
LMJIOBOM KMCJIOTOM IpU IJIMHE BOJHEI 520 HM.

PentreHoa3oBblil aHaIU3 MTPOBOAUIN C UC-
noJsib3oBaHueM nudpakromeTpa PANalytical X’ Pert
Pro (PANalytical, Almelo, the Netherlands) B mo-
HoxpoMatnueckoM Cu—K , m3nydeHUM C IIMHOMN

! ABTOpBI McMonb30Bau pacTBop 17 M cepHoit kuciotsl (91,5%), st Koroporo mojibHoe cooTHoutenue H,O/H,SO, meHble

eIVHUIIBI U BCS BOJA CBsI3aHa ¢ cepHoil kucioroit B opme runpara H,SO,-H,O. ITosToMy mpoliecc rumpoiunsa coiu TUTaHa B

OTCYTCTBUM CBOOOIHBIX MOJIEKYJT BOIbI MPEICTABISIETCS MAJIOBEPOSITHBIM. BoJjiee KOPPEKTHO TOBOPUTH O MOJIMMEPU3ALIMU COIU

TUTAHAa.
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BosHbl K ,=1,54056 A, cHa6GXXEHHOTO CUCTEMOIi
JUHEUHOU KOPPEKUUU C TJIMHHOW BOJHBI
K,,=1,54433 A. TepMuueckue ucciaeJ0BaHUS Bbl-
MmojHeHbl Ha aepuBatorpade Ilaynuk-Ilaynnk-
Opneun QD—1500. M3mepeHrs mpoBOAWIN B UH-
tepBajie Temmeparyp 20—800°C B moToke Bo3myxa
(100 M/MHUH) co cKopocThio Harpesa 10°C/MuH.
Pe3yavmamuot uccaedoeanuii u ux oocyxcoenue
Ha nepBom sTane ucciienoBaHuii ObLIO U3Y-
YyeHO u3MeHeHue (Ha3o0BOro cocTaBa UJIbMEHUTOBO-
ro KOHLIEHTpaTa B MPOLIECCe eT0 CEPHOKUCIOTHOTO
pasznoxeHus. [IpuMep moTydeHHBIX JAaHHBIX TIPE]I-
CTaBJieH Ha puc. 1, Ha KOTOpOM MOKa3aHbl Au-
paKTorpaMMbl U3MeIb4eHHOTO (40 MKM) UJIbMEHU-
TOBOT'O KOHIIEHTpATa 10 U TocJe cylbdaTu3aluuu B
85%-Hoi1 cepHOI KUCIIOTe B Te€UeHME 1 U Ipu TeM-
reparype 180°C. Ananu3 gudpakrorpaMm B TIpO-
rpaMmMHOM Komruiekce «MATCH!2» ¢ ucnonb3o-
BaHueM 0a3bl nTaHHBIX PCPDFWIN no3Bonwi naeH-
TUPUIMPOBATL B UCCIIEIyeMOM 00pa3lie UIbMEHU-
TOBOTO KOHIIeHTpara 3,2% ¢a3bl mnbMeHnTa FeTiO,,
23,5% pytuna TiO,, 71,8% ncesmopytuna Fe,Ti;O,
u 1,5% ticeBmoopykuta Fe,TiO;. [Tocie cynbdar-
3alMK Ha AudpakTorpaMme IlijlaMa NpeodsanarT
pedaekchl TOJIbKO ogHoM da3bl — pytuia. [To mpu-
Y{HE HepaCTBOPUMOCTU PyTUIa B CEPHON KUCIOTE
MbI paccMaTpUBaJIK €ro Kak 0ajjlaCTHOE BEILeCTBO
1 MO3TOMY B pacueTax CTelieHU MpeBpalleHus Uib-
MEHUTOBOTO KOHILIEHTpaTa He yuuThiBaiu. CrerneHb
WU3BJIEUCHUSI TUTAHA PACCUMTBHIBAIM KaK OTHOIe-
HUE KOJIMYecTBa Iepellealliero B pacTBOP
tuTtaHa(IV) K ero HayaTbHOMY COAEPKAHUIO B UJIb-
MEHUTOBOM KOHIIEHTpaTe B COCTaBe ICEBIOPYTH-
Jia, TICeBIOOPYKUTA U UIbMEHUTA (UTO COCTABJISIO

PR
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|, OTH. ea.

20, rpag.

Puc. 1. IudpakrorpaMMbl U3MEJIbYEHHOTO UJIbMEHUTO
KoHueHTparta 10 (1) u nmocie cynbdatuzanuu (2). bykBamu
oTMeueHsl peduiekcsl da3 pyruiaa (R), nceBmopytuia (PR) u
ncesaoopykuta (PB)

45% B pacuete Ha Ti0,).

PesynbraThl KMHETUYECKUX HCCIEIOBAaHUI
MpeacTaBaeHbl Ha puc. 2—4. ONbBITH IPOBOIWIN B
M30TEPMUYECKIMX YCIOBUSIX IIPU BaAPbUPOBAHNY TEM-
nepatypsl ot 100 1o 200°C, MaccoBOM COOTHOIIIE-
HUU WIbMEHUT/cepHas Kucaora=1:2 U HavyaJlbHOU
KOHIIEHTpAall PacTBOPOB CEPHOI KUCIOTHI 85%.
YcraHoBeHO, UTO Bce M3YYEeHHBIE 3aBHCHUMOCTU
X(t) Ha HayaJIbHBIX yyacTKaX MMEIT (OpPMY BbI-
MMYKJIBIX KPUBBIX, @ C MOMEHTA 3aTBepAECBaHUS pe-
aKIIMOHHOM CMECH XOpOIIO anmnpOKCUMHPYIOTCSI
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Puc. 2. Kunetrka mipeBpalieHusi WiIbMEHUTOBOTO
KOHIIEHTpaTa B rpoiecce cyabdarusannu 85%-voit H,SO,
nipu temnepatype 100 (1), 120 (2), 140 (3), 160 (4) u 180°C

(5). (CBetble CUMBOJIBI — IJaHHBIE AJIS1 XKejle3a, TEMHbIE
CUMBOJIBI — JIaHHBIE JJIsI TATAHA)
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Puc. 3. KruHeTuka npeBpalieHus UJibMEHUTOBOTO
KOHILIEHTpaTa B npolecce cyibdatusauuu 85%-noit H,SO,
npu temnepatype 180 (1), 190 (2) u 200°C (3)
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npsMmbeiMu. Ha rpacdumkax X(t) mra 190 m 200°C
(puc. 3) uepes 150 u 120 MuH HabMIOIAETCSI YMEHb-
LIIEHWE CTETIEHU M3BJIEYEHUST TUTAHA WIIU, IPYTUMU
cJIoBaMu, 4To 60Jjiee KOPPEeKTHO, YMEHbBILIAETCsI CO-
JepXXaHue TUTaHa B pacTBOpe PEaKLIMOHHOW cMe-
CH.

AHOMaJIbHOE TIOBeIeHNE KMHETUYECKUX KPU-
BBIX TIPU TUX TeEMIIEpaTypax HaOIogaeTcs U Ha UX
HavaJbHBIX yJacTKax. Hampumep, Ha puc. 4 moka-
3aHbl Pe3yJbTaThl COMOCTABIEHUSI CTEIIeHU U3BJie-
YeHHUS TUTaHa C TeMIIepaTypoil peaKIIMOHHOM cMe-
CU TIpU TMpPOBeAeHUU Mpoliecca cyabdhaTu3alumn
WJIbMEHUTOBOIO KOHIIEHTpaTa B TeueHue 15 1 30 MuH.
YcTaHOBIEHO, YTO 3aKOHOMEPHOE YBeJIMYeHUe CTe-
TIeHW M3BJICUCHUS TUTaHA C POCTOM TEMIIEPaTyphI
HapylraeTcsl IIpH HarpeBaHWM pEaKIIMOHHOM cMe-
cn o 200°C. TTocKoIbKY aHAJTOTUYHBIE 3aKOHOMEP-
HOCTH ONMCAaHBI B JINTEPAType W IJIT HEM3MEHEH-
HBIX WJIBMEHUTOB, OCHOBHBIM KOMITOHEHTOM KOTO-
poix sBiasiercs FeTiO, [3,5,8], To oueBUOHO, UTO
MPUYNHOM CHUKEHUSI CTEIEHU W3BJIEYEHUST TUTA-
Ha nipu 200°C saBnsieTcs He KaKWe-TO WHIVBUIY-
aJlbHbIe XMMUWUYECKUE CBOMCTBA MCeBAOPYTUJIA
Fe,Ti;0,, a cBOIiCTBa LI€J€BOrO MPOAYKTa UCCIETY-
eMOoro Ipoliecca — cyjJb¢aTHBIX COJIE TUTaHAa.
CorracHO M3BECTHBIM JTaHHBIM O PaCTBOPUMOCTI?
cynbdaTtHbx coneit Turtana(lV) [8], mpu 200°C B
85%-Hoi1 KcI0oTe JOMUHUPYIOLIEH (hOPMOit SIBIISI-
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Puc. 4. IaMeHeHMe cTeNieHU U3BJICYECHUST TUTAHA B
3aBUCUMOCTH OT TeMIIePaTyphl CYJIbhaTU3auu
M3MEJIBYEHHOTO MIBMEHUTOBOTO KOHIICHTpaTa B 85%-Hou

H,SO, B Teuenue 15 (1) u 30 muH (2)

ercs conb Ti(SO,),, KoTopast cpeau BCeX U3BECT-
HBIX CYTb(MaTHBIX CcOleil TMTaHa SBJISETCS Hanmbo-
Jiee pacTBOPMMOM KaK B BOnE, TaK U B pa30aBiieH-
HBIX pacTBopax KWCIOTHL. [lo HalremMy MHEHUIO,
TaKasl TTOBBIIIEHHAST PACTBOPUMOCTD XOPOIIIO O0BSIC-
HSeTCS OBICTPBIM TIpeBpalllcHNEM B IIPUCYTCTBUM
Boabl KatmoHa Ti(IV) B twranumn-katmon TiO?.
IToaToMy oueBumHO, uTo obOpaszoBanue Ti(SO,),
HUKaK He TT03BOJIAET OOBICHUTH (DAKT CHIDKCHUS
colepkaHMsI TUTaHa B pacTBOpPE MPU CyIbdaTn3a-
IV MJIEMEHUTOBOTO KOHIIEHTpATA.

Pemmenmem 3TOTO BOTIpOCAa MOXET OBITH TO
00CTOATENTECTBO, UTO B XOIIe peaKIINN MEXIY TICeB-
JOPYTHIIOM M CEPHOM KHMCIIOTO HETIPepBIBHO CHU-
3KaeTcs KOHIICHTPAIIUS CepHOM KUCITOTHI 3a CUET ee
pacxoma B peaKIIMM M BBIIEJICHUS BOIBL:

Fe,Ti,0,+9H,S0,=Fe,(SO,);+3Ti(S0,),+9H,0.

CorJlacHO TOTUTepMe PAaCTBOPUMOCTH CUCTE-
mbl TiO,—SO;—H,0 [8], ¢ noHuXKeHeM KOHIIEHT-
pauy KUCJIOTH TOMUHUpYIOIIeil ¢hopMoil B paB-
HOBECHBIX YCJIOBHUSIX CTAHOBHUTCSI Oe3BOMHAS COJb
TiOSO,, koTopasi HepacTBOpUMa He TOJbKO B KOH-
LIEHTPUPOBAHHON CEPHOI KMCJIOTE, HO M B €€ pa3-
OaBJIEHHBIX pacTBopax. Takum oOpa3oM, B IIpolIieC-
ce cynbdaTuzanuu pu 200°C BO3MOKHO ITOCTIEI0-
BaTeJbHOE oOpazoBaHue AByx cojeir Ti(SO,), u
TiOSO,, KoTopble MOTYT MEPEXOAUTh B OCAJOK MO
Mepe pocTa cojiepKaHUsI TUTaHA B PacTBOPE.

s monTBepKIEeHUs 3TOTO BBEIBOAA OBIT ITO-
JydyeH ocafgok coiu tutaHa(IV) crmocobom Beima-
puBanug 1,6 M pacTtBopa cynbdaTa TUTaHA B cpefe
85%-woit cepHoit kucaoTel npu 200°C. s onpe-
JIeJICHUST COCcTaBa Ocaka MCTIOJb30BaT METOI Tep-
MHUYECKOTO aHaIn3a.

YCTaHOBIEHO, YTO TEPMHMUYECKHE ITpeBpalle-
HUS uccaeayemMoro ocanka conu TutaHa(IV) comnpo-
BOXXIAIOTCS YMEHBIIEHUEM €ro MacChl BILJIOTH 10
700°C (puc. 5). Ha ATT-xpuBoit HabromaeTcs 1Ba
CHUMMETPUYHBIX MakcumyMa 1ipu 180 u 615°C, mipu-
YyeM yObLIb Macchl Ha BTOPOM THMKe B 4,5 pa3 00Jib-
e, yem Ha nepBoM. Kpusbie ITA mokasbiBaioT,
YTO M3MEHEHUS MacChl 00pa3IloB MPOTEKAIOT KakK C
MTOTJIOIIIEHNEM, TaK W C BbIOeIeHWeM Teria. [lpu
185°C HabmomaeTcsl 3K30TepMHUIecKrit, a mpu 625°C
— sHpoTtepMuyeckuit appexr. [TocKoIbKY Ha Kpu-
BoIx TT u JATA orcyrcTBytoT 3(hdekThl B 0bgacTu
100 1 338°C — TemmepaTypax KATICHUS BOIEI U Cep-
HOU KWCJIOTBI, TO CJIEIYyeT CIenaTh BBIBOA, 00 OT-

2 CnemyeT OTMETUTD, UTO MpEACTaBIeHHast B pabore [9] monurepma pactBopuMoctu benokockosa misi cucremsl TiO,—SO;—H,0

MMOCTPOEHA LI MACCOBOTO cojepxkaHus B pactBope SO;, a He CepHOi KUCIOTHL. [103TOMY IMpH OIpeneieHUU cocTaBa pacTBopa

HaMM ObLI poBeAeH IepepacueT rpaHu SO;—H,0 Ha MaccoByIO A0JIO CEPHOM KHCIOTHI.

Temperature optimum of the process of the dissolution of altered ilmenite in sulfuric acid
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CYTCTBUM B MCCJIEyeMOI COMU KPUCTAJIU3ALMOH-
HOI BOIbI U CEPHON KUCIOTHI. M3 nuTepaTypHBIX
JaHHBIX M3BeCcTHO, 4yTo coyib Ti(SO,), HauMHaeT
pasmnaratbes rpu 150°C, a coms TiOSO, — mipu 540°C
[12]. TToaTOMY 17151 TIEpBOTO yyacTKa YObLIM MacChl
C BbIJEJIEHUEM TeIlla MOXHO 3aMucaTh peaklUIo;

Ti(SO,),>Ti0SO,+SO,1.

st Broporo ygactka ¢ Makcumymom Ha JITT -
KpuBoii pu 615°C BeposAITHA peakIIus:

Ti0SO,—-TiO,+S0,T+!/,0,T.

IMockonbky u3 ogHoro mons Ti(SO,), o6pasy-
ercss oguH Mojib TiOSO,, To paziuuyue B MoTepe
MacCHl Ha TIepBOM M BTOPOU CTamUM TEPMUUIECKOTO
pPa3IOXEeHUS CBUIETEILCTBYET O TOM, UTO MCCIETY-
eMbIii 0cagoK cocTouT u3 AByx coneil: Ti(SO,), u
TiOSO,.

IIpencraBnasieT MHTEpPEC CPAaBHUTH COCTAaBHI
0CaJIKOB COJIEMl TUTAHA, OCAXIEHHBIX U3 85%-HOro
pactBopa H,SO, 1 U3 MeHee KOHLIEHTPUPOBAHHOTO
pacTBopa cepHOM KUCIOThL. Ha puc. 6 moka3aHbl
pe3yNbTaThl UCCIeAOBAHUS METOIOM TePMUYECKO-
TO aHaJii3a COJIM TUTaHa, OCAXICHHON BhITIapMBa-
HueM 1,6 M pactBopa cynbdara tutada mpu 100°C
u3 75%-Hoii cepHOi KUCJIOTHL. B oTnmuume ot maH-
HBIX puc. 5, Ha TT-kpuBoOit HaGIIOAAIOTCS YEThIpE
yJacTka yobuiu Macchl: B objgactu 110, 300, 540 u
612°C. Bce 3TM y4acTKM CONPOBOXIAIOTCS SHIO-
apdexramu Ha I TA-kpusoii. CorjlacHO MoJauTep-
Me pactBopuMoctu cucremnl TiO,—SO,—H,0 [§],
paBHOBeCHO# (pa30il B TaKUX YCJIOBUSIX SIBJISICTCS

T T T
500 600 700 8l

T 'C

T T T T
100 200 300 400

Puc. 5. Pe3ynbrathl HccieqoBaHUsI METOJAMM TEPMUUECKOTO

aHa/M3a COJIM TUTaHa, ocaxaeHHou u3 85%-wHoit H,SO, npu

200°C. (HauyanbHas Macca obpasua 202 Mr, KOHeYHast Macca
79 mr)

coap TiOSO,-H,SO,-H,0. Hanuuue kpucrannusza-
LIMOHHOM BOJABI M CEPHOU KHUCIOTHI XOPOIIO OOBSIC-
HSET yYacTKM yObutm Maccel Ha TI-XpuBoit B 00-
macty 110 1 300°C. Ob6a 3T! yyacTKa COTIPOBOXIA-
oTca aHgo3ddexkramu. Hecummerpuunas gopma
mka Ha JTT-kpuBoit ipu 300°C cBHIETETBCTBYET
0 TIPOTEKAaHNN HECKOJIbKUX MPOIIECCOB.

PaccMoTpeHme BepOSITHBIX CXeM TepMUUYECKOTO
paznoxenus coiau TiOSO,-H,SO,-H,0 nokazano,
yTo 00BSICHUTHL Bce addexkThl HA T u JITA-kpu-
BbIX pazjoxeHueM ogHoro TiOSO, He npencTassi-
€TCST BO3MOXHBIM. Takass BO3MOXXHOCTb TTOSIBIISICT-
cA TOJNIBKO B TOM CJIydae, €CJIV COCTaB 3TOM COJIM
paccMarpuBath He kak TiOSO,-H,SO,-H,0, a B Buae
SKBUBAJICHTHOM TIO COAEPKAHUIO aTOMOB (DOpMy-
abl TiIO(HSO,),-H,0. B 3ToM cnyyae npeBpalleHu-
em TiO(HSO,), 8 TiOSO, BO3MOXHO OOBSICHUTH
IOTIOJHUTENbHBIC (IO CPaBHEHMIO C MaHHBIMU
puc. 5) sHnoapdexktsl Ha I TA-kpusoit ripu 300 u
540°C.

Ilo HamemMy MHeHUIO, TIpeBpalleHUI B 061a-
ctu 300°C cienyeT onmucaTh peakKLMSIMU pasJioxkKe-
Hus TiO(HSO,), no nupocyibpaTta U paznoxeHus
CEpHOM KWCJIOTHI TIPU KUIICHUU €¢ a3e0Tpolia C
Bogoit (338,8°C):

TiO(HSO,),»TiOS,0,+H,0T;
H,S0,—»H,0T+S0,T.
IMocnenyroiee paznoxenue TiOS,0, ¢ poc-
TOM TEMIIEPATYPhl MOXKHO ONMUCATh CIAEAYIOLIMMU

IBYMSI peaKIMSIMU — COOTBETCTBEHHO JUIST TEMIIE-
patyp 540 u 612°C:

T T T T 1
400 500 600 700 800

1.6

T T T
100 200 300

Puc. 6. Pesynbrarhl MCcCIeI0BaHUSI METOAAMU TEPMUUYECKOTO

aHa/M3a COJIM TUTaHa, ocaxkaeHHou u3 75%-Hoit H,SO, npu

100°C. (HauanbHast Macca obpasia 186 Mr, KoHeuHasi Macca
72 mr)
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TiOS,0,-Ti0SO,+SO,T;
Ti0SO,-TiO,+S0,T+1/,0,™.

OTHU peakliMyi COMPOBOXKIAIOTCS YObLIbIO Mac-
Chbl ¥ 3HA03(GdEeKTaMM1, YTO XOPOIIO MOATBEPKIa-
eTcsa JaHHBIMU puc. 6.

Paznuuue B coctaBe aHnoHOB coneit TiOSO,
u TiO(HSO,), no3BossieT 0ObSICHUTh UX pas3iny-
HYI0O pacTBOPMMOCTb B pacTBOpaxX CEPHOI KHUCIO-
Thl. JleJio B TOM, 4TO OMaeHTaTHBIE Cyb(haT-uOHbI,
B OTJIMUME OT MOHOAEeHTaTHbIX MoHOB HSO,~, Mo-
TYT BBICTYIaTh B POJIM MOCTUKOBBIX JIMTAHA0B, CBSI-
3bIBAIOIIMX TUTAHUI-KATUOHBI B TOJHUMEPHYIO
cTpykTypy. OOpa3zoBaHUE MOCTUKOBBIX CBSI3E MEX-
ny katnoHamu TiO" B cyibpaTHBIX pacTBOpax TH-
TaHa J0Ka3aHO 3KcHepuMeHTaIbHO MeToaoM UK u
paMaHOBCKOM CIIEKTpocKonuu aBTopamu [13].

B xuMuM KOOpAWHAIIMOHHBIX COCAWHEHMI
uoHbl Ti(IV) oTHOCITCS K TpyIine KAaTUOHOB C HU3-
KOl cTeneHb JabuiabHOCTU. CuuTaercs, 4To 00JIb-
LLIOM MOJIOXXUTEIbHBIN 3apsii KATUOHA TUTaHA U ero
OTHOCUTEJIBHO MaJIblii paguyC yBEIUUUBaAIOT dHEP-
TMI0 aKTUBALIMU peaKklMM 3aMelleHUs], UTO YMEHb-
1IaeT CKOPOCTh 0OMeHa BHYTpUC(HEPHBIX JIUTaHI0B
Ha JIpyryue JUTraHabl U3 BHEIIHENW Cpeabl pacTBOpa.
MoXXHO MpeAnoaoXuTh, YTO C POCTOM TeMIepaTy-
poI 6os1ee 190°C 3aMeTHO YBEIMUMBAETCI CKOPOCTh
oOMeHa JMraHgoB B KOOPAMHALIMOHHOW cdepe
noHoB Ti(IV), uTo cnmocoOCTBYET TMepexony cucTe-
mbl Ti(IV)—H,0—H,SO, u3 meractabuibHOTO B
WCTUHHO PaBHOBECHOE COCTOSIHHME C OOpa3oBaHU-
€M MaJIOpaCTBOPUMBIX TOJUSAEPHBIX CYJIb(haTHBIX
KOMILIEKCOB THUTaHa.

WHTEepecHO OTMETUTh, UTO TPU MPOBEACHUU
npoiecca cyabcaTu3alyu Mo Bo3neiCTBUEM YJIb-
Tpa3ByKa oOpa3oBaHNe HEPaCTBOPHUMbIX (hOPM CYyJib-
¢aToB TUTaHA HAOJIOAAETCS yKe MpU TeMIlepaType
100°C [10]. MoXHO TIpeANONIOKUTh, YTO YIbTpa-
3BYK TMOCPEACTBOM MMIYJIbCOB CXaTUsl U MUKPO-
MOTOKOB B XXWAKOCTU BbI3BIBAET JTOKAJILHOE Harpe-
BaHME Cpebl, YeM yBEJIMUYMBAET CKOPOCTh OOMEHa
JINTaHJOB B KOOPAMHALIMOHHOI chepe noHos Ti(IV)
u criocobctByeT nepexonay cucteMsl Ti(IV)—H,0—
H,SO, u3 MetacTabuibHOTO B UCTUHHO pPaBHOBEC-
HOE COCTOSIHUE C 00pa30BaHUEM MaJlOpACTBOPUMOTIO
TiOSO,.

TakuM oOpaszom, HabOnwAaeMbill 3(pheKT
YMEHbILIEHUS] CTelMeHU U3BJIEUEHUS TUTaHa TIpU
200°C xopoIllo OOBSICHSCTCS TTPOIECCOM ITOJTMME-
pusatuy noHoB TiO* mpu yyact MOCTUKOBBIX SO,-
cBsazeii. CieayeT OTMETUTb, YTO COIJIACHO TMOJIM-
Tepme pactBopumocTtu cuctemnl TiO,—SO,—H,0
TeMmIlepaTypHasi 00JacTh CYILIECTBOBAHUS COJIU

TiOSO, pacmpocrpanserca g0 140°C m mosTomy
HETIOHSITHO TToYeMy IIpollecc HeoOpaTUMOI IO -
mepuzauuu TiOSO, He HaOmomaeTcs Mpu TeMIle-
parypax MmeHbine 200°C. Bo3MoxHoe 0OBSICHEHUE
TaKOI 3aKOHOMEPHOCTH COCTOUT B TOM, UTO TIOJIH-
MepH3alusI TPOTeKaeT OTHOCUTEILHO MEIJICHHO 1
3a 30 muH HepacTtBopumas ¢opma TiOSO, He yc-
rmeBaeT 00pa30BaThCs B 3aMETHBIX KOJTMYECTBAX.

71T KommaecTBeHHOM OIIEHKH CKOPOCTH TTPO-
Hecc cyabdaTtu3alud HEOOXOOMMO OIIPENeIUTh
aJIeKBaTHYI0 KWHETUYECKYIO MOJIEIb TIpoIiecca CYIlb-
daTrzanmy M3MeHEHHOTO MIIbMEHNTA. AHATN3 JaH-
HBIX pUC. 2 MPOBOAIIN C MPUMEHEHWEM ypaBHE-
Huil SIHpepa, aHtu-fAnaepa, 'mHcTaMHra-bpoyH-
wteitHa, XKypaneBa-Jlecoxuna-TeMmmnenbmaHa,
EpodeeBa-ABpaaMun, «cxXuMalouieicss cdepni»,
Hukonenko-Camuuneesa u ap. [14,15]. Cratuctu-
yeckasi o0paboTKa TMOJYyYEeHHBbIX JAaHHBIX IO JWC-
MIepCHOHHOMY cooTHoIIeHno Puitiepa pu ypoB-
He 3HaunmMocTu 0,05 1mokasania, 4TO TMIOTEe3a JIM-
HEWHOCTH MOXET OBITh IPUHATA VTSI OOJTBITMHCTBA
W3BECTHBIX YpaBHEHMI, OMHAKO 3HAYEHUS MX KO-
3D PUIIMEHTOB KOPPEISIINN CYIIECTBEHHO pa3jin-
yatorcsd. Hawmmydimme pe3yabTaTel HMPU ONMMCAHUU
CKOPOCTH CEPHOKHMCIOTHOTO Pa3oXeHUS MIIbMe-
HUTa Ha HavyaJIbHbIX y4acTKax KpuBbIX X(t) 10 MO-
MEHTa 3aTBepIeBaHUs PEaKLMOHHOW CMecu OBUIN
ITOJTy4eHBI HAMU C YpaBHEHNEM MOMICITH «CXKMMAI0-
ieiics cepbl» C IMMUTUPYIOLLIENH CTanuel XUMU-
yeckoil peakuuu [11]:

(1)

rne k, — HabaogaemMasi KOHCTaHTa CKOPOCTU TeTe-
POTEHHOTO TTpoliecca, MPOTEKAIOIIEeTO B KWHETHIEC-
KOM PEXHME.

[Mocne 3arBepmeBaHUs PeaKIIMOHHOW CMeCH
peXUM TIporecca Cyab(aTh3alluy U3MEHSIeTCS U
KWHETUYECKIE JaHHBIC HAMIYIIINM 00pa30oM OIH-
CHIBAIOTCS YpaBHEHWEM OTHOMEpPHOU Iuddy3uu:

(2)

kt=1-(1-X)",

k,t=X,

rae k, — HabmomaemMasi KOHCTAaHTa CKOPOCTH TeTe-
POTreHHOro Ipoluecca, mpoTekawuiero B Auddysu-
OHHOM DEXHUME.

ITo ypaBHeHusiM (1) u (2) ObLIM pacCUMTaHbI
KOHCTaHThl CKOpOocTU k; U k, Mo JaHHBIM puc. 2.
PesynbTaThl pacueToB Moka3aHbl Ha pUC. 7 B KOOpP-
JUHaTax ypaBHEHUsI AppeHuyca.

Ilo TaHreHcaM yrjia HakjOHa MOJYYEHHBIX
JIMHEeNHBIX 3aBUcuMocTeit Ink, 1/T OblIM paccum-
TaHBI SHEPTUU aKTUBALUM (B KJIK/MOJB): 62,5 ms
W3BJIEUEHUST TUTaHA U 63,1 mg XeJjie3a Ha TepBOit

Temperature optimum of the process of the dissolution of altered ilmenite in sulfuric acid
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Puc. 7. 3aBUCMMOCTh KOHCTAHT CKOPOCTH TIpoliecca
cynbdaru3alu WibMEHUTOBOro KOHIEHTpaTa a0 (1) u nocne
(2) 3aTBepeBaHNS PEAKIIMOHHOM CMECH OT TEMIIEpaTyphl B
KOOp/AMHATAX ypaBHeHUsT AppeHuyca. (CBeTIbie CUMBOJIBI —
TAHHBIE JUTS XeJie3a, TEMHBIE CMBOJIBI — AHHBIE TS TUTAHA)

craguu npouecca, 13,5 nng turana u 13,0 ms xe-
Jie3a Ha BTOPOM CTaauM Ipollecca cyabdaTu3anuu
U3MeHeHHOro wibMeHuTa. CieayeT OTMETUTb, UYTO
paHee psSiioM aBTOPOB ObUIM TMPOBENEHBI UCCIENO-
BaHWUS 11O OMPENEIEHNIO SHEPTUM aKTUBALIMU TIPO-
nmecca cyjbdaTrM3allMM WUJIbMEHUTOBBIX PYH
(B xIx/Mounb): 75,0[2], 72,6 [5], 64,4 [7]. HecmoT-
ps Ha pasvMuusl B COCTaBax HMCCIEIyeMbIX Pyl B
3TUX pabOTax, BEJIMYMHbBI SHEPTUM aKTUBALIMA UME-
10T OJIM3KUE 3HAYEHMUSI, YTO CBUAECTEILCTBYET 00 OJI-
HOTUITHOCTU ME€XaHW3Ma OCHOBHOI CTaIuu MpoLec-
Ca — XMMHUYECKOW peaKlMU MEXIY CEPHON KUCIIO-
toit 1 TutaHatamu xene3a(I1L,111). ConageHue 3Ha-
YEHUI 3HEPTUN aKTUBALIMU TIPU pacyeTax, Kak Io
TUTaHy, TaK U IO XeJie3y, CBUAETEIbCTBYET 00 UX
OJHOBPEMEHHOM (MapajjieIbHOM) BBIACJICHUU U3
TBEP/bIX YaCTHULI PYJbl 32 cueT 00pa3oBaHUS KOOp-
JUHALMOHHBIX CBSI3€H MEXIY KaTUOHAMMW MeTal-
JIOB Ha MOBEPXHOCTU OKCUJHOIO MUHEpajia U aTo-
Mamu Kuciopona B ruaparax H,SO,nH,O [11].

JluteparypHbie JaHHbIE 00 SHEPIUM aKTUBa-
LIMU TIPOLIECCa PACTBOPEHUS UJIBMEHUTA B YCJIOBU-
X 3aTBEPACBIICH PEAKIMOHHOMA MAacChl HaMU He
HaiineHbl. OTHOCUTEJIbHO HU3Kasl BEJIMUYMHA SHEp-
run aktuBaumu 13,0—13,5 kJI>K/MOJb XOPOIIO MO -
TBEpKAaeT BBIBOI O AUPDY3MOHHOU JTUMUTUPYIO-
1IeH cTaauu Tpoliecca Ha 3TOM 3Tarie cyabdaTr3a-
107078

Bbieoowt

B pesynbTaTe KMHETMUYECKMX HMCCIE€IOBaHUIA
npoliecca cyiabdarnuzalny U3MEHEHHOTO WIbMEHUTA

B mHTepBasie Temmeparyp 100—200°C yctaHOBIIEHO,
yTo 3aBUCUMOCTU X(t) Ha HayaJbHBIX y4yacTKax
UMeIoT (opMy BBIMYKIIBIX KPUBBIX, 2 C MOMEHTa
3aTBepleBaHUs PEaKIIMOHHOM CMECU XOpPOIIO all-
MPOKCUMUPYIOTCS TIPAMBIMU. DHHEKTUBHOCTD U3-
BJICUCHUS] TUTAHA B TIpoIlecce CyIb(aTn3aluy 13-
MEHEHHOTO WJIbMEHHUTA TIpU TeMIlepaTypax BHIIIIe
190°C yepe3 HEKOTOpPOE BpeMs HAUMHAET CHUXKATh-
ca. Hanmpumep, mipu 200°C gepe3 180 MuH cynbda-
TU3alMK TTOTEPU THTaHA TpuOMKaoTcsa K 60%.
HaGntonaemble 3aKOHOMEPHOCTH XOPOILIO OOBSICHSI-
eTca 00pa30BaHMEM HEPACTBOPUMON B KHUCIOTaX
nojaumepHoit opmbr TiOSO,.

Bricka3zaHO mpenIrooXeHue, YTo B OcamKax
TiOSO, pob MOCTUKOBBIX JIUTAHJAOB BBIMOJHSIOT
He aTOMBI KHCIIOpPOoJa, KaK B pyTHIIe, a OMIeHTAT-
HbIe cynbdaT-noHbl. I TpegoTBpaleHus HeoOpa-
TUMOM MOJUMEPHU3ALIUU COJIEN TUTAHA B paCTBOpPAX
HeoOXOIMMO OTpaHUYMUBAThL BpeMsI CyIbdaTu3aum
WJIBMEHWUTA WM YMEHBIIATh KOHILIEHTPAIUIO cep-
HOM KHCIIOTHI, YTOOBI B pacTBOpax COMEPKAIOCh
JIOCTAaTOYHO MHOTO OTHOMEHTATHBIX THAPOCYIb(haT-
MOHOB. MeTomaMM TepMUUECKOTO aHaIi3a IToKasa-
HO pa3iduyMe B COCTaBe COJieil TUTaHA, OCaXKIeH-
HBIX U3 75 U 85%-HBIX PaCTBOPOB CEPHOM KUCIIO-
THI.

B pubmikeHNT IBYXCTaqUITHOM MOIEIIH TTPO-
mecca cyabdaTu3aly ¢ TUMUTUPYIOIIUMHI CTaay-
IMU XUMHMYECKOUN peaklMy M OJTHOMEPHON mud-
(y3uu paccunTaHbl KOHCTAHTHI CKOPOCTH B MHTEP-
Bajie Temmeparyp 100—180°C u ompeneneHBI SHep-
MY aKTUBAIIAM I KaXIOM CTaIuy OTAETBHO IO
TATAaHY W XeJledy. DHEPTUS aKTWBALIMU IS TIPO-
1ecca CyIb(aTH3alni WIBMEHHATA B YCIOBUSX 3aT-
BEpIIEBIIIETO TUTaBa oTpeaesieHa BrepBhle. [1omyueH-
HbIe JaHHBIC ITO3BOJIST MPOBECTH HMCCICIOBAHUS
Tpoliecca CyrbMaTn3any MeTOIaMy MaTeMaThye-
CKOTO MOIETMPOBAHUSA W BHISIBUTH €TO ONITUMU3HU-
pyioiye (akTOpHI.

M3yueHHBIC 3aKOHOMEPHOCTH TTOKA3aJld, 9TO
TEeMIIEPAaTypHBIA ONTHMMYM TIpollecca CyiabdaTmsa-
MY U3MEHEHHOTO WJIBMEHUTA OIPEICISETCS IBY-
Ms (paKTOpaMM: UIT MaKCUMAaJbHOTO YBEJIMICHUS
CKOPOCTH TIpollecca HeOOXOOUMO TTOBHIIIATh TEM-
TepaTypy peakIIMOHHOM CMeCH, OMHAKO HauMHAas C
200°C pe3ko yCKOpsIETCST TTPOLIECC MOIMME PU3aLII
TiOSO,, KoTopblii MPUBOAUT K KPUCTALIU3ALUU €€
B popMe HEpaCTBOPUMOTO B KHCIIOTaX ocamka. DTH
3aKOHOMEPHOCTH HEOOXOIMMO YIMTHIBATh TIPH TUTa-
HUPOBAaHUM TEMIIEPATypPHOTO MTPOMHUIST peaKIInOH-
HOTO TIpollecca, TaK KaK TpU CyIb(aTu3aun 3ai-
TTOBO BBIICIISICTCSI OTHOCHTENIBHO OOJBIIOE KOJH-
YeCTBO TeIjla M TeMIlepaTypa MOXET TepeiTH py-
6exx 200°C, mociie KOTOpOro 4acTh 1IEJIEBOTO TMpo-
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IyKTa OyaeT MoTepsiHa CO IUTAMOM.
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TEMIEPATYPHUI ONITUMYM ITPOLIECY
CVJIIB®ATHOKUCJIOTHOTI'O PO3KIIATAHHSA
3MIHEHOTO UNIBMEHITY

M.B. Hixoaenxo, A.B. Jlybenxo, O.I10. Bawkesuu,
JI.B. /Imumpuxoea

Bugueno xinemuiy npoyecy cynvgpamuzauii 85%—eor cynv-
Gamnoio kKuciomoro 3minenoeo inbmenimy Manuwescvkoeo podo-
suwa 6 i3omepmiyHux ymosax 6 inmepeani memnepamyp 100—200°C.
IIpodyxmu peakuii eusueni memodamu PPA i mepmiunoeo ananizy.
Tloka3zano, wo epexkmusHicmo 8ULYUeHH MUMAHY 8 NPOYeECi CyNb-
gamusayii npu memnepamypax suwye 190°C uepes 150—180 xeé cyro-
amusayii 3MEHUWYEMbCA, WO NOACHIOEMbCA YMBOPEHHAM Hepo3-
uunHoi 6 Kucaomax nonimeproi gopmu TiOSO,. YV nabauscenti deéo-
cmaditinoi modeai npouecy cyavghamu3ayii 3 AiMIMyeatbHuUMu cma-
dismu ximiuHoi peaxyii i 00HOBUMIPHOI Juq)y3ii po3paxoeani KoH-
cmanmu WeuoKocmi ma 8U3HA4eHo eHepeii akmueayii 0ns KOWCHOT
cmadii okpemo 045 mumany i epymy. 3po6aeHo 8UCHOBOK, WO
memnepamypHuLl ONMUMYM NPoYecy Cyabpamusauyii 3MiHeHoeo inbme-
Himy @usHavaemocs 0eoma Gakmopamu: 045 MAKCUMAAbHO20
30inblenHs weuokocmi npouecy HeoOXiOHO nidsuuiyeamu memne-
pamypy peakuyitinoi cymiwi, oonak, nouunarouu 3 200°C pisko npu-
ckoproemacs npoyec noaimepusauii TiOSO,, 6 pezyasvmami K020
YMBOPIEMbCS HEPOZUUHHUL 8 KUCA0MAX 0Cad.

Kaouosi cioBa: cyibdaruzaiiisi, ceBIOpyTHJ, PYTWII,
IJTbMEHIT, KOHCTaHTA IIBUAKOCTI, CHEPTisl aKTUBAIlil.

Temperature optimum of the process of the dissolution of altered ilmenite in sulfuric acid
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TEMPERATURE OPTIMUM OF THE PROCESS OF THE
DISSOLUTION OF ALTERED ILMENITE IN SULFURIC
ACID

N.V. Nikolenko ¢, A.V. Dubenko ¢, E.Yu. Vashkevich *,
L.V. Dmitrikova *

2 Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

» Oles Honchar Dnipro National University, Dnipro, Ukraine

The kinetics of the process of sulfatization of altered ilmenite
from the Malyshevskoye deposit in 85% sulfuric acid solution has
been studied under isothermal conditions in the temperature range
of 100 to 200°C. The reaction products have been studied by XRD
method and thermal analysis. The efficiency of titanium recovery in
the sulfatization process at the temperatures of above 190°C after
150—180 minutes is shown to be reduced. This can be explained by
the formation of a polymer form TiOSO,, which is insoluble in acids.
The rate constants as well as the activation energies of each stage
were determined separately for titanium and iron in the approximation
of a two—stage model of the sulfatization process with the rate
determining steps of the chemical reaction and one—dimensional
diffusion. It has been concluded that the temperature optimum of the
process of sulfatization of altered ilmenite is determined by two
Jfollowing factors. It is necessary to raise the temperature of the reaction
mixture to maximize the process rate, but the polymerization process
of TiOSO, is accelerated abruptly starting from 200°C that leads to
the formation of precipitate which is insoluble in acids.

Keywords: sulfatization; pseudorutile; rutile; ilmenite; rate
constant; activation energy.
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