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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYalbHOCTh PadoThl. VI3BECTHO, YTO OCHOBHBIM PACTBOPHUTEIIEM IS
COCIMHCHUN CYpPbMBI SIBJISIOTCS MUHEPAIbHBIC KUCIOTHI, CYIb(UIBI W XIJIOPHUIBI
MICJIOYHBIX METAJJIOB, PAcTBOPHI €IKOTO Kamws (HaTpus), a W3 OPraHMYEeCKUX
COCIMHECHWI B TOCIEAHUE TOABI B TEXHOJOTHYECKUX IIEJIIX YacTO MPUMEHSIOT
OKCUKApOOHOBBIE KHCJIOTHI, OJHAKO WCIOJIb30BaHUE WX B KauyeCTBE OCHOBHOTO
pacTBOpUTENSI TPU MPOW3BOACTBE CYPbMBI H €€ COCIWHCHHWH, HOCHUT YHCTO
aHAIMTUYECKUI XapakTep. Mexay TeM, OTAeNbHbIe OKCHMKapOOHOBBIE PACTBOPHI
CypbMbl 00Jie€ yCTOWYHMBBI, HE IOJIBEPraloTCs THAPOJIM3Y MpPU HAarpeBaHUU W,
0CcO0eHHO, Npu pa3baBieHuu BoAoi. COOTBETCTBEHHO, B3aUMOJICHCTBUE CYIbhuIa U
OKCHJIa CYpbMbI B OTJEJIBHOCTH C OPTaHUYECKUMHU OKCUKHUCIIOTAaMH PacCMaTpUBAJIUCh
B pabotax Ycybakynora M.VY., Cubuuenkosoit H.U., Kakeesoit M.K. u np.

B Hacrosieit paboTe 0TMEYEHO, YTO NPU B3aUMHOM IpeBpaiieHud ShyS; u
Sb,0; o6pa3yroTcs KOHJIEHCHpOBaHHAs CypbMa C COJCP)KaHHEM OIPECICHHBIX
IpUMeECed M THOKCHJ Cephl YMEPEHHO PACTBOPHMOTO B PAaCTBOPE OKCHKApOOHOBAS
KHCIIOTA - BOJa. B CBsI3W ¢ 3TUM M3ydeHHE M ONPEEIICHIEC PABHOBECHBIX U pabOUNX
apaMeTpPOB TETEPOTCHHBIX CIOXKHBIX cucteM. Sh,O3 - Sh,S; - BuHHAsS KucioTa
(C4HsOg) - H,0, Sh,03 - Sh,S; - mumonnas kucnora (CsHgO7) - H,O, Sh,O5 - Sh,Ss; -
sonounas kuciora (C4HgOs) - H,O, Sh,03 - Sh,S; - suTapras kuciora (C4HgO,) -
H,O, Sb,O; - Sb,S; - momounas kucmora (CsHeOs) - H,O, Sb,O3 - Sh,S; -
rnukoneBas  kuciora (C,H,O3 )- H,O, ycraHOBiICHHME KOHIIGHTPAIMOHHOTO
pacnipenenenust Sh, C, O, H, S coaepxainiux KOMIIOHECHTOB M YaCTHIl B OTICIbHBIX
dazax, mecTpykiusi TBepaoi (a3pl B MUPO- U THAPOMETAUTYPTUYECKUX PEKUMAX
MPOTEKaHUsS MPOIIECCOB, pa3/ielieHne MPOAYKTOB OT NMPUMECEH C HMCIOJIb30BaHUEM
JUMOHHON KHCJIOTBI 1 MOHOOOMEHHOM CMOJIBI U MOJyYeHUE COCIUHCHUN CYpbMBI /
Sb (x), Sb,O; (x) / mnpencraBistoTCs BecbMa AaKTYaJIbHBIMH B CBS3U C
BO3MOYKHOCTBIO HCIIONIB30BAHUS WX JJISI PA3BUTHS IKCIICPUMEHTATBHO-PACYCTHBIX
METOJIOB UCCIIEAOBAHMS XapaKTEePUCTUK PAaBHOBECHS B T€TEPOTCHHBIX CHCTEMaX.

CBsi3b TeMBbI TUCCEPTAIUM C TJIAHOM HAYYHO — HCCJIEI0BATEIbCKUX PadoT.
HucceprannonHas paboTta npoBoauiiack B cooTBeTcTBUU ¢ uiaHoM HUP UuctutyTa
xumun 1 xumudeckort Texnosoruu HAH KP: npoekt «Co3nanrne HOBBIX MaTepUAIIOB
nyTeM pa3pabOTKHM WHHOBAIIMOHHBIX TEXHOJOTHH KOMILJICKCHOH IepepadoTKu
MUHEPATBHOTO M OPTraHW4YecKoro coiphbsi Keipremckoit PecmyOnukuy», pasmen 2-
[lepepaboTka MPUPOTHOTO MUHEPATHHOTO M TEXHOTEHHOTO ChIphs KvIprei3cTana c
IEbI0 CO3/IaHMsI HOBBIX MAaTEPUANIOB U 3aIUTHI OKPYKAIOUIEH Cpeibl, TMoJpa3/en
«Pa3paboTka OC30TXOJMHOM M OKOJOTHYECKH YHCTOM TEXHOJIOTHU H3BIICUCHUS
CYpbMBI M MBIIIbSIKA M3 OTXOAOB CypbMSHOTO mpou3BojactBa» (2011-2012 rr);
noapasznen «Pa3paboTka (PHU3UKO-XUMUYECKUX H TEPMOJUHAMHYECKHMX OCHOB
KOMITJICKCHOW ~ TepepabOTKH  HEKOHJWIIMOHHBIX pPyJA H BTOPUYHOTO  CBIPHS,
coJepKamx cypbMbl U peakux MetawioBy» (2012-2015 rr m 2016-2019 rr) Ne
rocpeructpauun: 0007080.

Heabo wuccaenoBaHMsi  SABJISETCS  U3YYCHHE  YETHIPEXKOMIIOHEHTHOM

reTeporeHHon cioxHoi cuctemsl: Sh,O3 - ShyS; - okcHKapOOHOBBIC KHCIOTHI - BO/IA
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B THIPO- ¥ MNHPOMETALIYPrHYCCKUX PEKHUMAX JTECTPYKIIMU TBEpAOH ¢aszbl U
pa3paboTKa MPUHIMITHAIIBHON TEXHOJIOTHYECKON CXEMBbI pa3/IelICHUs MPOIYKTOB OT
IpUMECEH C HCIOJIb30BAHHEM JIMMOHHOM KHCJIOTHI M HOHOOOMEHHOW CMOJIBI, H
nonaydeHus okcuaa cypoMal (111).

B COOTBETCTBHU C TMOCTaBICHHOW IENBIO OMPENCICHBI CICAYIOMNE 3aJadu
HCCJIeT0BAHMS:

-n3ydeHue cucteMbl: SP,03 - Sh,S; - BuHHAs kucmora (C4HgOs) - H,O; Sh,05 -
Sb,S; - nmumonnas kuciora (CgHgO;) - H,O; Sb,O; - Sh,S; - sb6nounas kuciora
(C4H605) - HzO; Sb203 - szSg - AHTapHasd KUCJIOTa (C4H604) - Hzo; Sb203 - szSg -
moutouHas kuciota (CsHgO3) - H,O; Sb,05 - Sh,S; - rmukonesas kuciora (C,H;03) -
H,0O npu ruapoMeTauypruueckux pekuMax MPOTEKaHUs MpoIecca | ONpeIe/ICHHe
GU3UKO-XUMHYECKMX H  TCPMOJUHAMHUYCCKUX HMX IapaMETPOB, a  TaKke
OKHCIIUTEIIbHOW aKTUBHOCTH OKCHKApOOHOBBIX KHCIOT IO OTHOIICHHUIO TBEPAOU
dbasbr;

- m3ydenue cucremsl: Sh,O3 - Sb,S; - BunHas kucmora (C4HeOg) - H,O, Shy,O5 -
Sh,S; - aumonnas kucmora (CgHgO;) - HyO, Sb,O; - Sh,S; - si0mounast kucimora
(C4H605) - HzO, Sb203 - Sngg - AHTapHasd KUCJIOTa (C4H604) - HZO, Sb203 - Sb283 -
mououHas kuciota (CsHgO3) - H,O, Sb,0; - Sh,S; - rmukonesas kuciaora (C,H;03) -
H,0O npu nupoMeTaiuryprudeckux pexuMax IPOTEKaHHs MPOLECCa U ONPEICIICHHE
(GU3UKO - XUMUYECKAX U TEPMOJUHAMUYICCKUX UX ITAPaMETPOB,

-YCTAHOBJICHUE KOHIICHTPAIIMOHHOTO pPacHpeneeHUusT CypbMyCOAepKaIIuX
KOMIIOHCHTOB (MHAVBUTYaTbHBIX BEIIICCTB) u YaCTHI] (aTOMapHBIX,
HU3KOMOJIEKYJISIPHBIX, HOHHBIX) B PAacTBOpPaX OKCHMKAPOOHOBBIX KHCIIOT - BOJA TIPH
IIUPOKUX MHTEPBAJIaX U3MEHEHHUS TeMIIEPaTypPHhI;

-pa3paboTKa MPUHIIUITUATLHON TEXHOJIOTHYECKON CXEMBI IECTPYKIIUU TBEPIOM
dasbl (SbyS3) B oxucnurensuoit cpeae MnO,-H,SO,4-CaCl,, pasnenenus npoaykToB
OT MpHUMECEeH C HCIOJIb30BaHWEM JIMMOHHOM KHCJIOTHI U MOHOOOMEHHOW CMOJIBI, H
noaydenus okcuaa cypbmal (111).

MeToabl HCCJIeIOBAHUSA. XUMHYCCKHE, (hU3UKO-XUMHYECKHE,
TEPMOJIMHAMHYCCKUE METObI aHAN3a TEeTEPOTCHHBIX CHUCTEM M MX MOJICITUPOBAHNCE;
OTIpEJICIICHNE PABHOBECHBIX MW PabOUYMX XapaKTEPUCTHK CHCTEMBI, a TaKkxKe
KOHIICHTPAITMOHHOTO PacIpeIesIecHUss KOMITOHCHTOB W YaCTHI] B OTJEIbHBIX (ha3ax.

Hayuynasi HoBu3Ha. BmepBele ompenencHsl pPaBHOBECHBIE COCTaBbI U
KOHIICHTpAIlMd KOMITOHEHTOB B CHCTEMaXx. CyJb(DHI CYpbMbI — OKCHI CYPbMBI -
OKCUKapOOHOBBIE KHCIOTHI - H,0; ycTaHOBIEHa OKHCIWTEIbHAS aKTHUBHOCTH
pacTBOPOB OKCHKAapOOHOBBIX KHCIOT IO OTHOIICHHUIO TBepAOW (a3wl, HaWICHO
KOHIICHTpalmonnoe pacmpenencaue Sb, C, H, O, S - comepkammx KOMIIOHCHTOB U
YaCcTHII B Ta30BOM M JKHJAKOW (azax Ipu IHPOKUX HMHTEpBajIaX H3MCHCHHS
TEMIIepaTyphbl ¥ COOTHOIIEHUSX UCXOIHBIX BEIIECTB;

PaBHOBeCHBIE COCTaBBI W KOHIIEHTPAIIMHM TMPOAYKTOB PA3JIOKECHHUS OKCHAA U
cynb(duma cypbMbl C OKCUKapOOHOBBIMU KHCJIOTAMH TIOKA3alik, YTO B KHAKOW haze
coaepxarcs HSbO,, SbO,; a B ra3oBoii ¢ase coenuHeHHs] CYpbMbl BCTPEUAIOTCS B

BHUC. Sb (K), Sb, sz, Sbg, Sb4, SbO, Sb203 (K), Sb405, SbH, Sng, SbS, Sng3 (K)



OTtMmeueHo oOpa3oBaHHME KOHJCHCHpOBaHHOW cypbMbl Sb (k) Ha OCHOBe
B3aUMOJICUCTBUSA CYJIb(HIa U OKCHIa CYpPbMBI TIPH BRICOKHX TEMIIEpaTypax;

Onpenenenbl  (U3UKO-XMMHYCCKHE W TEPMOJMHAMHYECCKUE IapaMeTphl
o0pa3oBaHMs KOHJICHCUPOBAHHBIX KOMIIOHEHTOB M YacTHI] CypbMbl THMa: SH,03 (K),
Sh,S; (x), Sb (k) B cucremax Sh,03 - Sb,S; - okcukapOonoBsie kucimotel - HO nipu
MUPOMETAILTYPTHYECKUX PEeXUMAX NECTPYKIIUN TBEPAOH (Da3si;

Pa3zpaboTana npuHIMNAAIBHAST TEXHOJIOTHYECKAsT CXeMa JIeCTPYKIIUU TBEPAOH
da3el (SbyS3) B oxucnurensHoi cpeae MnO,-H,SO,4-CaCl,, pa3zaenenrue mpoayKToB
OT MpUMECEH C UCIOJIb30BAaHUEM JIMMOHHOW KHCIIOTBI U MOHOOOMEHHOH CMOJIBI, H
nonaydenus okcuaa cypoMal (11).

IIpakTHyeckass 3HAYMMOCTh MOJYYEHHBIX Ppe3yabTaToB. DU3MKO-
XMMHYECKAE M TEPMOAMHAMUYECKHE MmapamMeTpbl cucteMbl. SD,03-Sh,S3-C4HsOe-
Hzo, Sb203-8b283-C6H807-H20, szOg-szSg'C4HGO5'H20, SbgO3'Sb283'C4HGO4'
Hzo, SbgOg-szSg-C3H603'H20, szOg-szSg'C2H403'HZO MOI'YT OBITH
HCIIOJB30BaHbl B KayeCTBE CIPABOYHBIX JAaHHBIX B HEOPraHUYECKOW XUMHUHU U
TEXHOJIOTMH HEOPTaHWYECKUX BEIECTB; MPUHIIAIIAATbHAS TEXHOJIOTHYECKas cxXxeMma
paszieieHus] MPOAYKTOB OT MPUMECEH C HWCITOJB30BAaHWEM JIMMOHHOW KHCIIOTBI |
MOHOOOMEHHOM cMoJibl W monydeHus okcuaa cypbMbl (I11) monmesna B mpormeccax
pa3zieleHUs] ¥ OYUCTKH BEIIECCTB.

OCHOBHBI€ MOJIOKEHUSI JUCCEPTANMH, BLIHOCUMbIE HA 3AIIUTY:

® pPaBHOBECHBIC COCTaBBl M KOHIICHTpAIIMU Ta30BOM W KOHJCHCHPOBAHHBIX (a3
cucrembl: Sb,03 - Sh,S; - Bunnas kucinora (C4HgOg) - H,O, Sb,03 - Sh,S; -
aumonHnas kuciota (CgHgO;) - H,O, Sh,O; - Sb,S; - sbmounas xwuciora

(C4HGO5) - HZO, SbgOg - szSg - JHTapHasd KUCJI0Ta (C4H604) - HzO, Sb203 -

Sh,S; - momounas kmcaora (C3HgO3z) - H,O, Sb,0O3 - Sb,S; - rimkosesas

kucinota (C,H403) - H,O ompeneneHHbie TpU pasiMyHBIX TeMIEpaTypax H

COOTHOIIIEHHSIX UCXOIHBIX KOMIIOHEHTOB;

¢ (HU3UKO-XMMHUYECKHUE W TEPMOIUHAMUYCCKHUE TaHHBIC, M3MCHCHUS CBOWCTB

CHUCTEMBI, a TaK)K€ YCJIOBHE M TapamMeTpbl 00pa30BaHMS KOHICHCHPOBAHHBIX

da3 mpu pazIMYHON MUHEpaNIHM3aIllid PacTBOpPa: OKCHKApOOHOBAs KHCJIOTa-

BOJIA;

® OKHCJIUTEIbHAs AaKTUBHOCTh OKCHKApOOHOBBIX KHCJIOT TI0 OTHOIICHHIO
TBepaoi (a3el M KOHIEeHTpalmoHHoe pacmpenenenne Sb, C, H, O, S -
CoJIepKaIX KOMIIOHCHTOB M YaCTHI[ B Ta30BOM M JKHJIKOM (ha3ax;

¢ NPHUHIHMIHAIBHAS TEXHOJOTHYCCKAs cxeMa JACCTPYKIUU TBepaoi (asnl (Sh,Ss)

B okuciuTenbHOM cpene MnO,-H,SO4-CaCl,, pazaeneHuss mpoayKTOB OT

MIPUMECEH C UCTIOIb30BAHUEM JIUMOHHOMN KUCIOTHl U HOHOOOMEHHOM CMOJIBI, U

nonydenus okcuna cypbMsl (111)

JInuHbIiA BKJIAJA COMCKATEJNsl 3aKII0YaeTCsS B ONPEICICHHM, aHalIu3e
PAaBHOBECHBIX M Pab0YMX KOHIICHTPAIIMH KOMIIOHECHTOB B CJIOJKHBIX TI'€TEPOTCHHBIX
CHCTEMaX Ha OCHOBE pacueTa TePMOAMHAMHUYCCKHUX IapaMEeTPOB U OLICHKE (PU3UKO-
XUMUYECKUX XaPaKTEPUCTUK KUCIOTHOW KOHBEPCHH CYPbMYCOJEpKaIlleld CMECH B
OKHCIIUTEIPHOM cpejie; BBISBICHUH yCIoBHi oOpa3oBanus Sh (k) Ha ocHOBe Sh,S; n



Sb,O; B ra30-kHMOKOCTHOW  cpexe; pa3paboTke u COCTaBJICHUH
NPUHIIMITHATBHOM TEXHOJIOTMYECKON CXEeMbl Mpollecca pa3iesieHus] MPOIYyKTOB OT
pUMecedl C HCIOJIb30BAHUEM JIMMOHHOM KHUCIOTHI M HMOHOOOMEHHOW CMOJIBI, W
MOJIYYeHUS] OKCUA CYPbMBI.

Anpobauuss  pe3yiabTaroB  auccepranuu. OCHOBHBIE  PE3YJIbTAThI
UCCIICIOBAHUSI  JOKJIAJBIBAIUCh  HA  MEXAYHApOAHBIX  CUMIIO3UyMax U
pecryOJIMKaHCKUX HAayYHO-TIpakTHYeCcKuXx KoHpepeHmusx: «Mikroorganizmalar ve
Biyosfer» - Typkus - Keiprescran, bumkex, KTYM, 2013; «XKAC I'AJIBIM - 2013»
- Kazaxcran, Tapas, TITIY; «Oxomoruss u xu3Hb», Poccus, Ilenza, 2013;
«O0pa3oBaHHe W HayKa B YCJIOBHUSX COLUMAIbHOW MojaepHu3anuu KazaxcTaHckoro
obmectBay - Kazaxcran, Tapas, 2013; «Hacupmua WcaHoB - BUIHBIN
rocyaapctBeHHbld  nearens  Keipreizckoit  PecnmyOnuku», KI'YCTA, 2013;
«International Conference on Civil and Environmental Engineering.ICOCEE -
Cappadocia, 2015 - Nevsehir, TURKEY; «TexHocdepHas 0e30macHOCTh: HayKa W
npaktuka» - bumkek, KPCY, 2015; «MuHepanbHble pecypcbl, IMOArOTOBKA
WHXEHEPHBIX KaJipoB U mpobiembl ocBoenus Henpy» U Qul' T npu KI'TY MOwuH KP,
bumkek, 2015; nayunbix cemuHapax kadeapsl «IIpomebreHHas 6€30MacCHOCTHY
W' qul'T, 2017-2018 rr. u pacmupernHoM 3aceqanuu nadopatopuit UXu® HAH KP,
2018r.

IMyosukanmu. [To Teme nuccepranuu omnyoJMKoBaHO 16 HaydHBIX CTaTeH, B
TOM YHCJIE B M3JaTENbCTBAX, BXOAAIINX B cHCTEMBI Thomson Reuters u PUHII.

Crpykrypa u o0bem auccepraumu. J(uccepranus COCTOMT U3 BBEICHHS, 3
IJIaB, BBIBOJIOB U MpPUJIOXKEHUS. [lepedeHp MCMOJIb30BAHHONW JUTEpaTyphl BKIHOYAET
141 naumenoBanue. Pabora usnoxkena Ha 160 crpaHuiiax KOMIBIOTEPHOTO TEKCTA,
BKuTrogaroniero 19 tabnui, 11 puCyHKOB U MPUITOKEHHM.

OCHOBHOE COIEP XAHUE PABOTbI

Bo BBegeHMH pacKpbIBaeTCs aKTyaJlbHOCTb TEMbI, CPOPMYIUPOBAHBI LENb U
3a/layd  UCCJIEAOBAHMS, OIPEICIECHBl OCHOBHBIE 3alMIIAEMBbIE  MOJOKECHHUS,
IPUBOJSTCS METOJbI MCCIECNOBAaHUM, ONpPEACIICHa HAay4YHAas HOBHM3HA, IPAKTUYECKAs
LEHHOCTh padOThl, a TaKXK€ OTMEYEHbl MyOJMKAlWHU, anpodaius pe3yIbTaTOB H
KpaTKO M3JIaraeTcs CTpPyKTypa JUCCEPTALUH.

AHaJIN3 NPOLECCOB OKMCJICHNS COeIMHEHUI1 CYypbMbI B PACTBOPax
OKCHUKAPOOHOBBIX KHCJIOT; TEPMOJANHAMUYECKHE XaPAKTEPUCTUKH OT/AeIbHBIX
coeIMHEHHUI CypbMbl U HX OCHOBHbIE NMOKA3aTeJ N

B macrosimiee BpemMsi OOBEKTaMHM JKCIEPUMEHTATBHBIX M TEOPETUUCCKUX
HAyYHBIX KCCIICIOBAHUN B O0JIACTHM XUMHUU CYPbMBI U €€ COCIUHEHUN CTaHOBSTCS
TE€TEPOrE€HHBIE CUCTEMBI, BKIIOUYAIOIINE OJJHOBPEMEHHO Ta30BbIC, KUJIKUE U TBEPJIbIC
KOMITOHEHTHI BCcE 00Jiee YCIOKHEHHON (ha30BON CTPYKTYpOH M ¢ HEPABHOBECHBIMH
TEPMOJINHAMUYECKUMHU JTaHHBIMU. C Y4ETOM 3TUX 00CTOSITETBCTB,
MIPOAHATN3UPOBAHBI TEPMOJIMHAMHUYECKUE MapaMeTPhl CYypbMBbI u
CYpbMYyCOJIEpXKAIIMX MaTepUalioB MU OHU MNOAPOOHO H3JIOXKEHbl B ThaBe 1 ¢

6



yKa3aHUeM: CBOICTB Sb,0O3, onpeAeneHHblX ¢ KCIHOJIb30BaHUEM
raJIbBAHUYECKUX IEMe C MOHHBIM JJIEKTPOIMTOM; MAcC - CIEKTPOMETPUYECKHUX
JIAHHBIX Ha OCHOBE HMcmapeHus Sbh,Ses; pacdeToB sHTaIBIMN 00pa30BaHMS KHUIKUAX
criaBoB Sn-Zn-Sb; ThSbTes; sHramenum pactBopenust Sb,O; B XJOPHOKHCIIBIX
pacTBOpax THOMOUYEBHHBI; SHTAIBINH B3auMoeiicTBus kpuctammmaeckon (CeHs)sSbh
(IIl) ¢ rTumpomepekuchio TpeT - OyTWia, PACTBOPEHHON B OeH30je; (Ha30BBIC
paBHOBECHS B MHOTOKOMITOHEHTHBIX CHCTEMax C yYacTHEM CYpPbMBI; JHTAIbITUU
peakiuu mnpucoeauHenus juragaoB K SbCls ¢ oOpa3oBaHueM KpHUCTaNIMYECKUX
annyktoB [barkubexoa M.B., 1989]; Bo3MOXHOCTH pa3lieieHUs] OKCUIOB CYPbMEI B
MPOIECCe XJIOPHOM BO3TOHKH B TMPUCYTCTBUM CEPHUCTOTrO rasa; TeMmIepaTypbl H
sHTabMU TwiaBiaeHus SbCls, SbBrs u Sbls; pesynbratel ITA u peHTreHO(})a30BOTO
aHanmn3oB cucteMbl Sb,03-ShCl;, Sb,05-SbBrs, RbsySh,Jg; ycTanoBneHHbIe cocTaBbI:
SbOCI, Sbs0sCl,, SbgOy;Cly, SbsOsBr,, ShgO11-Bry, Sb,S3-Shy03-Shy04, ShySs-Sb-
Sb,05-Sh,04;  xUMHYECKHIT TPaHCIOPT CYPbMBI C HCIIOJB30BAaHHEM Pa3IMYHbBIX
areHTOB-HOCUTEJICH; BEJIMYMHBI PAaCTBOPUMOCTH TBepaou (asbl B cucreme SbClj -
THOCEMHUKapOa3uI 51 SbCl; - TUMETHII(POpMaMUI, SbCl3-Sh,03-H,0;
KOHIICHTpallMOHHbIe obOnmactu  Bbimenenus Sb,Oz,  SbyOsCl, SbOCI, SbCl;
[Conmoxxenkun [1.M., 1997]; kpuctauimdeckne aIayKThl TEHTAXJIOPUAA CYPBMBI C
opraHnyeckuMu Kkuciiotamu [batkubexoBa M.b., [xynymramuesa T.I., 1989];
MPAKTHYECKHE AaCTEKThl WCIOJB30BaHUS OPTraHMYECKHX OKCHUKHCIOT B MpoIeccax
BBIIIIETIAYMBAHASA W KOMIUIEKCOOOpa30BaHUS ~ METAUIOB, TJ€  OTMEUCHBI:
OKCHKapOOHOBBIE KHUCIIOTHI, B KOTOPBIX B MOJIEKYyJIaX OJHOBPEMEHHO COJIEP>KATCS
KapOOKCHUITbHAS M THIPOKCHIIbHAS TPYIIBI ¢ METAIaMH 00JIaZIaloOT ¢ OMpeAeIEHHON
YCTOMYMBOCTHIO, HE TIOJIBEPraloTCS TUAPOIU3Y TMPU HArpeBaHUU, U OCOOEHHO TpH
pa30aBlieHWHU; TIOBBIICHUWE KOHIICHTPALIUM BUHHOW  KHUCJIOTHI  YBEJIMYMBACT
pPacTBOPUMOCTh TPHUOKCHAA CYPbMBI, MPU PACTBOPEHUU OKCHUAOB U CYJIb(PHUIOB
CYpbMBbl B PAacTBOPAaX OKCHKHCJIOT YCTAHABJIMBACTCS OIPEAEIIEHHOE PaBHOBECUE
MEXIy HHMH, TEM CaMbIM MEHSETCSI CKOPOCTh PACTBOPECHUSI COCIWHEHUN
[VcyOakynos M.Y., Cubuuenkoa H.U., Kakeesa M.K., Bypkyranuesa K.b. u ap.,
1984]; B mpormecce koMmIuIekcooOpazoBaHus MpuHUMAKOT yyactue kak COOH-, Tak n
OH - rpynmbl BUHHOW KUCJOTHI; B YCJIOBUSX HEHTpaIM3al[MU pacTBOpa HaO01aeTcs
JaCTMYHOE 00pa30BaHHE PACTBOPUMOTO KOMIUIEKCHOTO COCIMHEHUS; MPH JACHCTBUH
HEKOTOPBIX COJIE Ha CMECh COJM C TapTPaTOM IIEIOYHOTO MeTaia KHUCIOTHOCTH
TOM CMeCH pE3KO YBEIMYMBAETCS; OOpa3oBaHHWE OKCAJaTHOTO KOMILJIEKCa B
pactBopax, coxaepxkamux Na,C,0,4 H,C,04 um Sb,O3; mpoucxoaut B pesyibTare
peaxkiu SbO’ ¢ 6GHOKcanaT-mOHOM; 0Opa30BaHHME BHHHOKMCIBIX KOMIUIEKCOB B
MICJIOYHBIX PACTBOpPAX MPOWCXOAWT B pe3yibTaTe 3aMEIICHHWs] MOHAMH MeTajlia
aTtoMoB H cnupToOBBIX Trpynn, aHMOHOB C4H,06”, mu6o atomoB H crmproBoii u
KapOOKCUIILHOM TPYIIIT;, CyphbMa C BUHHOM KUCJIOTON 00Opa3yeT aHMOHHBIA KOMILIEKC
B IMUPOKUX mpenenax pH cpempl, a ee mMpUMECH TOJBKO B MICIOYHOW, MOITOMY B
KHCIION cpefie cyphbMa M €€ NMPUMECH HaxOMATCS B Pa3IUYHBIX HOHHBIX (opmax;
UMEEeTCS PN IIEHHBIX CBOWCTB CYPbMBI, CEJICHAa W WX COCIWHCHUM, HAIpuMep,
reTEepPOIOIMCOSINHEHUSI CYPhbMSHUCTOBUHHOM KHCIOTHI C CEIEHUCTON U CEeIEHOBOMU
KHCJI0TaMHU IPOSBIISIOT sIBJICHUS cuHeprusma [Anenos XK. A., 1999].



BrlimensnoskeHHbld 0030p JIUTEpaTyphl MOKa3ajid, YTO MOJy4YeHHbIE (PU3MKO-
XUMHUYECKHUE W TEPMOAUHAMHUYECKUE XAPAKTEPUCTUKA B OCHOBHOM OTHOCSTCS K
JKUJKUM CIUIaBaM, KpPHUCTAJUIMYECKUM aJQyKTaM, KOMIUIEKCHBIM COEIUHEHUSIM
OTIEIbHBIX METAVIOB W OHH MOTYT CIYXHUTh 0a30BbIM MaTEpHAIOM IS
uccienoBareneii, padoTalolmx B 00J1acTH XUMHUH KOOPAMHALMOHHBIX COCIMHEHHUN
CYpbMbl W JPYIHMX 3JIEMEHTOB; KHHETUYECKHE 3aKOHOMEPHOCTH 3JIEKTPOIHBIX
peaklyii, yCTaHOBJICHHBIE COCTaBbl, CTPOCHHS M YCTOMYMBOCTH KOMILUIEKCOB C
OKCHKHUCJIOTAaMH TIOJIE3HBI MpU Pa3pabOTKE HOBBIX TEXHOJOTUYECKUX IPOIIECCOB
OCaXJCHHUS CYpbMBI M €€ CIUIaBOB. 371eCh 0C000 ClenyeT MOAYEpPKHYTh, YTO
MHOT000pa3ue BO3HUKAIOIMX MPH 3TOM 3a/1a4 OTPa)KaeTCs B HAIIPABJICHUH Pa3BUTHUS
(GU3BUKO-XMMHUYECKOTO MOJICIMPOBAHUSA, CPEAM KOTOPBIX B HACTOAIIEEe BpeMs
JOMHUHUPYIOT pacueThl, OCHOBAaHHbIE Ha MHUHMMH3aluu 3Heprun ['nbbca um npu
MAaKCUMYM€ SHTPONMH CHCTEMBI, IIOCKOJIBKY CTPOTHMH TEPMOJMHAMHUYECKUN aHAIIN3
PABHOBECHBIX CBOMCTB CJIO)KHBIX MHOTOKOMIIOHEHTHBIX T'€TE€POTr€HHBIX CHUCTEM
TpeOyeT 3HAYUTENBbHOM M TOYHOM MCXOAHOM HMH(OpManMu 00 HUX CBOMCTBax, 4YTO
BEChMa BaXKHO JJIS1 SKCIIEPUMEHTAIbHBIX UCCIIEIOBAaHUI B 00JIaCTH HEOPraHUYECKOU
xuMuu. [103TOMy aKTyaabHOCTh HACTOSIIIMX MCCIECAOBAHUN ONPENEISAETCS, B IIEPBYIO
ouepe/ib, BO3MOKHOCTBIO Pa3BUTUSA HAa MX 0a3e pacyeTHBIX METOJIOB OIpPENeSICHUs
PaBHOBECHBIX COCTAaBOB M PACIpEAENICHUs] KOHUEHTPALMI KOMIOHEHTOB M YacTHUIl B
TeTEPOreHHBIX CHUCTEMAX, BKJIOYAIOIIMX OJHOBPEMEHHO OKCHABI U CYJIb(HIbI
CYpbMBI B pacTBOpPaX OKCHUKapOOHOBBIX KHUCIIOT U BOJIbI, COOTBETCTBYIOLIUX MHUPO- U
TUIPOMETAILUTYPTUYECKUM PEXXUMaM JAECTPYKLIUU TBEPAOH (a3bl.

DOu3NKo-XUMHUYECKOe MOIETHPOBAHUE MPOIECCA OKUCIEHUS COeTUHEHN I
cypbMbl (111) B pacTBopax okcMkapOOHOBBIX KHCJIOT - BO/Ia

dopmupoBaHue (HU3NKO-XUMUUECKOW MOJEIHN TeTePOTreHHON CHUCTEMbI: OKCH/I
(cynbdua) cyppMbI - OKCUKapOOHOBBIE KUCIIOTHI - BOJa IIpu TeMrieparypax 288-448
K (ruapomeTammyprudeckuii pexXuM) OCYIIECTBICHO MyTEeM IMOMCKA MOTEHIIUAIBHO
BO3MOXKHBIX B paBHOBecHM (Da3, 3aBHCHMBIX KOMIIOHEHTOB M COCTaBa CHCTEMBI IO
HE3aBUCUMBIM KOMIIOHEHTaM TP MHUHUMH3AIUU HW300apHO-U30TEPMHUUECKOTO
noTeHnuana. [Ipu 3ToM pacdeT BKIIOUMI UCTIOIH30BAHNE HECKOJIBKUX 0a3 MCXOIHBIX
JAHHBIX, BBIUMCICHHE TEPMOJUHAMHYECKHUX  XApPAKTEPUCTUK, TMPOBEPKY U
COTIOCTaBJIEHWE PE3YJIbTATOB W3 PA3JIMYHBIX HCTOYHHUKOB, a Takxke 0O0paboTKy,
KOPPEKTHUPOBKY U BHU3yaIH3alMI0 TEPMOJAMHAMUYECKUX IMAPaMETPOB KOMIIOHEHTOB
BOJIHOTO PAacTBOpa 3JIEKTPOJIUTA, Ta30B, XKHIKUX M KOHACHCHPOBaHHBIX (a3 [M.K.
Kapmos u zip., 1995]. C 1enbio 0CyIIeCTBICHUS SKCIIEPUMEHTAILHBIX HCCIICAOBaHUI
OBLITM COCTaBIICHBI BO3MOXKHBIC MOJICKYJIIPHBIE ¥ MOHHBIE YPAaBHEHHSI XUMHUYECKHUX
peakiuii, HaigeHo MojabHOe cooTHolreHrne kommoHeHToB (C : H: S : O : Sh) B
pacTBOpe U OmpelesieHa MaTpuila HU3y4yaeMOW CHCTEMBI, OCYIIIECTBIICH MOAOOD
3HAYEHWU TeMmepaTtyp M JaBieHus. Pe3ynapTarel MCCIEIOBAaHUKA MO3BOJIMIIA
paccuuTtarth TepMoauHaMuueckue mapameTpbl cuctemsl (G, H, S, U), onpenenutsb
paBHoBecHbIN cocTtaB, pH, Eh, nonnyto cuny (I) pacTBopa M yCTaHOBHTH CIEKTp
KOHLIEHTPAIMOHHOI'O pacCIpe/iesieHns OTACNIbHBIX KOMIIOHEHTOB B (pa3ax (3K, T, TB)
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IpU  PA3JUYHBIX  TEMIEpATypax U JABJICHUU P=10° Ila. B rta6mume 1
MIPUBE/ICHBI JJAHHBIC IMPU ONTHUMAJIBHBIX COOTHOIIEHHUSAX HMCXOJHBIX KOMIIOHEHTOB;
pe3ynbTaThl MPHU JPYTUX COOTHOIIEHUAX KOMIIOHEHTOB IMOJIPOOHO MPHUBEIEHBI B
JUCCEPTALINH.

Tabmuna 1 - ®uU3MKO-XMMHYECKHE M TEPMOJMHAMHUYECKHE MapaMeTpbl CHCTEMBI
(THAPOMETAILTYPTUYECKUIN PEXKUM JIECTPYKLIUU TBEPIOH (a3b)

JaumonHast kucjora CgHgO7-Sb,05-Sb,S;-H,0 (3:1:1:1)

Temmnepatypa, K 298 G, M]Ix -6,11 | Eh, B 0,10
JlaBiienue, I1a 1x10° H, M/lx -7,13 | - -
O6beM, M° 5,75x107 | S, xIx/K 2,04 | pH 2,06
Macca, Kr 1,549 U, MJlx -7,12 | Uounas cuia 0,01
IInoTHOCTS, xr/m® | 2693 Cp, xJIx 4,28 | TDS, Mr/kr pacTs. 429,44
| | | |
HazBanue (a3l O0newm, KomnunuectBo Macca, IInotnocts, | Bec.%
10° »® MoJiei 107 kr 10% kr/inv®
Bonansriii pactBop | 0,575 1,64e+01 638,64 1,11e+00 41,23
Sb 0,0002 5,10e-01 62,13 2,80e+02 4,01
Sh,S3 0,00 1,00e+00 339,70 0,00e+00 21,93
Sbh,03 0,00 8,72e-01 508,62 0,00e+00 32,83

sio10unasi kucsaora C;HgOs5-Sb,05-Sh,S;-H,0 (3:1:1:1)

Temmneparypa, K | 298 G, MTx -5,02 | Eh, B 0,08
Jasnenue, [1a 1x10° H, M]JIx -5,83 | - -
O6beM, M 4,17x10" | S, /K 1,65 | pH 2,16
Macca, kr 1,375 U, M]Ix -5,82 | Mounas cuna 0,01
IInoTHOCTS, xr/m° | 3293,97 Cp, x/Ix 3,19 | TDS, mr/k pacts. 332,04
Hazpanue a3l O0neM, | KonnuectBo Macca, IInoTHOCTS, Bec.%
10° »® MoJei 107 kr 10% kr/m®
Boanelit pactBop 0,42 1,27e+01 452,28 1,08e+00 32,89
Sh,S3 0,00 1,00e+00 339,70 0,00e+00 24,71
Sh,03 0,00 1,00e+00 583,00 0,00e+00 42,40

punHan kucjaora C,;HgOq-Sb,03-Sh,S;-H,0 (3:1:1:1)

Temmnepatypa, K 313 G, MIx -5,68 | Eh, B 0,06
JaBnenue, I1a 1x10° H, M]lx -6,46 | - -
O6BeM, M° 4,64x10" | S, xw/K | 1,97 | pH 2,26
Macca, kr 1,423 U, MIx -6,45 | UouHnas cuna 0,01
IInoTHOCTB, KT/M® 3066 Cp, xJIx 3,14 | TDS, mr/kr pacTs. 184,63
HazBanue a3sr O0pemMm, | KomnuecTBo Macca, ITnoTHOCTD, Bec.%
102 M° MoJiei 10 kr 10% xr/m®
Bonnsrii pacteop | 0,46 1,47e+01 500,28 1,08e+00 35,16
Sh,S3 0,00 1,00e+00 339,70 0,00e+00 23,87
Sb,03 0,00 1,00e+00 583,00 0,00e+00 40,97




ssarapHas kucjaora C,;Hg04-Sb,03-Sb,S;-H,0 (1:1:1:1)

Temmepatypa, K 333 G, M]/Ix -2,94 | Eh, B 0,06
Hasnenue, I1a 1x10° H, MJIx -3,24 | - -
O6bem, M° 0035 |S, xIxK | 116 |pH 2,66
Macca, xr 1,091 U, M/Ix -3,24 | Uonnas cuiia 0,00
[LIOTHOCTD, KI/M" 31,39 Cp, x/Ix 1,06 | TDS, mr/kr pacts. 0,06
HasBanwue dassl O0beMm, | KomnuectBo Macca, IInoTHOCTS, Bec, %
102 o° MOJIEH 107 kr 10% kr/m®
Boansriii pactBop 0,122 4,25e+00 148,05 1,21e+00 13,57
l'as 34,62 1,25e+00 20,05 5,79e-04 1,84
JKuakoctsb 0,00 1,58e-09 0,00 9,62e-01 0,00
Sh,S3 0,00 1,00e+00 339,70 0,00e+00 31,14
Sh,03 0,00 1,00e+00 583,00 0,00e+00 53,45
MoJiouHas kucaora CsHgOs-Sb,03-Sh,Ss-H,0 (3:1:1:1)
Temmnepatypa, K 393 G, MIx -4.35 | Eh, B -0,14
JlaBiienue, I1a 1x10° H, M]lx -4,37 | - -
OGbem, M° 0294 |S, xlwK | 2,64 |pH 4,15
Macca, kr 1,243 U, MIx -4,40 | Mouuas cuia 0,00
[LIOTHOCTB, KI/M" 4,23 Cp, xIx 0,87 | TDS, mr/kr pacTs. 11,97
HazBanue assr O6weMm, | KomnuectBo | Macca, IInoTHOCTD, Bec.%
102 M° MoJieH 107 kr 10% xkr/m®
BonbIii pactBop 0,038 2,00e+00 36,05 9,43e-01 2,90
l'as 294,18 9,00e+00 284,20 9,66e-04 22,87
Sh,S3 0,00 1,00e+00 339,70 0,00e+00 27,33
Sbh,03 0,00 1,00e+00 583,00 0,00e+00 46,90
raukoseBas kucjaora C,H,03-Sb,03-Sb,S;-H,0 (3:1:1:1)
Temmnepatypa, K 298 G, MIx -406 | Eh,B -0,07
JHaBnenue, I1a 1x10° H, M]lx -443 | - -
OGbem, M° 0148 |S, &K | 192 | pH 4,30
Macca, kr 1,201 U, MIx -4,45 | Monunas cuia 0,00
I1noTHOCTD, Kr/M° 8,07 Cp, xJIx 0,68 | TDS, mr/kr pacTs. 4,83
Hazpanwue a3sl Oo0beM, | KomnuectBo Macca, IInoTHOCTS, Bec.%
10° M® MOJIEH 107 kr 10% kv’
Boanslit pactBop 0,00 1,18e-09 0,00 9,97e-01 0,00
las 148,74 6,00e+00 215,12 1,45e-03 17,91
KHAJIKOCTH 0,065 3,50e+00 63,05 9,75e-01 5,25
Sh,S3 0,00 1,00e+00 339,70 0,00e+00 28,29
Sh,03 0,00 1,00e+00 583,00 0,00e+00 48,55
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W3ydeHne reTeporeHHON CHCTEMBI: OKCH]I (cynbdum) CYpPBMBI -
OKCHUKapOOHOBBIE KHCJIOTHI - BOJIa OCYIIECTBICHO U npu TemmepaTypax 500-1000 K
(MUpOMETAJUTypTUYeCKU  peXuM).  3Aech  NPEeayCMOTpPEHa  BO3MOXKHOCTD
o0Opa3oBaHMsI Ta3000pa3HBIX BEIIECTB, SJICKTPOHEHTPATBHBIX W HWOHU3UPOBAHHBIX
komnonentoB [Cumsipee ['.b., Batomun H.A. u ap., 1982]. B 0a3y maHHBIX
TEPMOJMHAMHYECKUX CBOWCTB MHIMBUIYaJbHBIX BEIICCTB BKIIOYCHBI MHPOPMAIIH
00 okcuaax u CyabGuIax CypbMbl, a TAK)KE OKCHKApOOHOBBIX OPTaHUYECKUX KHCIOT
U Boabl. B Tabmuie 2 mpuBEACHBI JAaHHBIE TPU ONTHUMAIBHBIX COOTHOIICHHUSX

HCXOOHBIX KOMIIOHCHTOB, CM. IMCCEPTALHIO.

Tabnuna 2 - I3MeHeHne CBOMCTB CUCTEMBI. CyIb(pUI CypbMa - OKCHJI CypbMa -
OKCUKApOOHOBBIE KHCIIOTHI - BOJAA (MMPOMETAILTYPIrUUYECKUI PEKUM JECTPYKIIUU

TBEpIOU (a3bl)

BuHHas kuciora C4HgOs-Sb,S3-Sh,05-H,O (3:1:1:1), mpu P=0,1 MIla, T=298-
1000 K, p=31,63 mons/kr, MMq=25,07 r/monb, Rq=333,69 Jx/(xrK)

V-107, S, l, u, C'’p-10°, | Mu-10° | Lt"-10°,
T,K | M¥%r | xx/(xrK) | xJDr/kr | kJDR/KT k/Ix/(kr-K) | Tla-c | Br/(m'K) | Pr" 10°
648 | 142,86 6,41 -6439,73 | -6516,86 | 36645,7 2,61 73004,9 | 104,80
998 | 270,36 7,98 -5175,08 | -5364,67 | 18118,8 3,83 12951,6 | 658,51

mumonHas kucinota CeHgO7-Sb,S3-Sh,03-H,0O (3:1:1:1), mpu P=0,1 MIla, T=298-
1000 K, u=33,82 mons/kr, MMq=24,22 t/monb, Rq=344,81 JIx/(xr-K)

648

139,41

6,29

-6098,66

-6173,93

37310,9

2,59

81946,3

96,76

998

291,97

8,37

-4379,81

-4584,56

22316

3,84

141448

751,95

sonounas kuciota C4HgOs-Sb,S3-Sb,03-H,O (3:1:1:1), mpu P=0,1 MIla, T=298-
1000 K, u=33,46 monb/kr, MMq=23,58 r/momb, Rq=353,97 JIx/(xrK)

648

149,90

6,69

-6364,88

-6445,81

40930,5

2,57

85227,5

9,71

998

294,78

8,52

-4889,86

-5096,58

20035,4

3,81

14029

66,49

satapHas kuciota C4HgO4-Sb,S3-Sb,03-H,0 (3:1:1:1), npu P=0,1 MIla, T=298-
1000 K, p=36,37 monn/kr, MMq=22,78 r/monb, Rq=367,09]1x/(xr-K)

648

143,15

6,43

-5904,64

-5981,92

40597,6

2,56

94718,2

89,75

998

320,08

8,93

-3815,82

-4040,28

30219

3,82

15416,9

940,67

momounas kuciaora CsHgO3-Sb,S;-Sb,03-H,O (3:1:1:1), npu P=0,1 MIla, T=298-
1000 K, u=38,29 mosnw/kr, MMq=21,29 r/monb, Rq=393,44 JIx/(xr-K)

648

154,04

6,84

-5969,2

-6052,36

26977

2,51

108086

86,04

998

349,35

9,55

-3707,63

-3952,61

35276,6

3,79

16735,7

1004,55

rinukoseBas kucinora C,H;03-Sb,S;-Sb,03— H,0 (3:1:1:1), mpu P=0,1 MIIa, T=298-
1000 K, p=33,58 monb/kr, MM@=23,50 r/monb, Rq=350,34 JIx/(xr-K)

648

151,97

6,76

-6472,22

-6554,27

24606,4

2,58

82829,9

99,27

998

294,92

8,51

-5050,24

-5257,06

19901,5

3,8

14125,3

660,07
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OTMeyeHO, 4YTO TpH B3aUMHOM IMpEBpallleHHH Ccylbduma ©  OKcuaa
CYpbMBI 00pa3yeTcsl KOHICHCHPOBaHHAs CypbMa, COOTBETCTBEHHO, cojiepxanue Sh B
pacTBOpe ONpENENICHO IEePMaHTaHATOMETPUYECKUM METOJOM B KHCION Cpeje;
KOHIIEHTpaIMsi MOHO- U JHOKCHJ YTjepoja, MeTaHa, MpornaHa, OyTaHa B Ta30BOM
daze wu3MepeHa Ha OCHOBE MYyJIbTU(YHKIMOHAIBHOTO Ta3oaHaiu3aTopa (CMm.
JIMCCEPTALINIO).

KoHueHTpannoHHoOe pacnpeejieHue CypbMycoep:KaluX KOMIIOHEHTOB U
YaCTHI B PACTBOPAaX OKCUKAPOOHOBBIX KHCJIOT MPHU TMAPO- U
NMPOMETAIYPIHYECKUX PeKMMAX J1eCTPYKIUM TBepaoi ¢a3bl

I/I3yquHe CUCTCMBI: C4H606-Sb283-8b203-H20, CeHgOergSg-SbgOg-HzO,
C2H403-Sb283-8b203-H20, C4H605'Sb283-8b203-H20, C4H604-Sb283'8b203-H20,
C3Hg03-Sh,S3-Sh,05-H,0, COOTBETCTBYIOIIUX THAPOMETAJLIYPIrUYeCKUM
pe:xkuMam nectpykiuu TBepaoi dassl (P=0,1 Mlla, T=288-448 K u cooTHOmeHusX
UCXOAHBIX BemecTB 3:1:1:1), MO3BOIMIN ONPEACIIUTL: 00BEM, Maccy, IIOTHOCTD
pactBopa; ’Heprun ['md6o6ca, G, MJIx; suranenuu, H, MJIx; sutponuu, S, kJx/K;
BHyTpeHHUe »sHeprun, U, MJIx; temmoemkoctu, Cp, k/xk; uucino Ilpanaris;
OKHCIIUTEIbHO-BOCCTAHOBUTEIIbHBIC TOoTeHIMansl, Eh, B; pH; wonnyno cuiy;
KOJIMYECTBO PACTBOPEHHBIX BEIIECTB B pacTBope, TDS, MI/KT; KOJIWYECTBO MOJieH U
BECOBOM MpOIEHT KOMMOHEHTOB ha3pl (Tabin.l). IlokazaHo, 4YTO BOJOPOIHBIN
MOKa3aTesb CPeIbl BO BCEX M3YUYEHHBIX CHCTEMAaX Kucias U u3Mmensercs oT 2,06 1o
4,3. Cucrema Sh,03-Sb,S;-H,0O B mumonHo# kuciore umeetr pH pasnoii 2,06. 31ech
CleayeT OTMETUTbh, YTO OKCHKApPOOHOBBIC KHUCIIOTHI 1O OKHUCIUTEILHON aKTUBHOCTH
TBEpJoi (ha3bl pacronaraiTcs B cieayromeM nopsake: dumonHas (298 K, pH=2,06,
Eh=0,1 B); s6aounas (298 K, pH=2,16, Eh=0,08 B); Bunnas (313 K, pH=2,26,
Eh=0,06 B); suTtapnas (333 K, pH=2,66, Eh=0,06 B); momnounas (393 K, pH=4,15,
Eh=-0,14 B); rnukonesas (298 K, pH=4,30, Eh=-0,07 B) u, cOOTBETCTBEHHO, OHHU
MOT'YT OBITh HCIIOJIb30BaHBl B THIPOMETAUIYPTHUECKHUX IIpolleccax pas3icieHus
IPOAYKTOB OT IPUMECEH U MOJTYYCHHs CYpbMbI (OKCHIA CYPbMbI) U3 €€ CYIb(PUIHBIX
coenuHeHni. [IpoTekanue u HaNpaBICHHUE MTPOIIECCOB B M3YUCHHBIX BBIIIC CUCTEMAX
NMOATBEpXKAeHBI 3HaueHussMH dHeprum [u66ca (AG<0), sHramemuu (AH<O0) wm
BHYTpeHHeH sHepruu (AU<0):

C6H807-Sb203-8b283-H202 G :-6,11 MI[)K, H=-7,13 MI[)K, U=-7,12 MI[)K,
C4H605-Sb203-8b283-H202 G =-5,02 MI[)K, H=-5,83 MI[)K, U=-5,82 MI[)K,
C4H606-Sb203-8b283-H20: G =-5,68 MH)K, H=-6,46 MI[)K, U=-6,45 MI[)I(,
C4H604-Sb203-8b283-H202 G ='2,94 MI[)I(, H:-3,24 MI[)K, U:-3,24 MI[)I(,
C3H603-Sb203-8b283-H202 G =-4,35 MI[)I(, H:-4,37 MI[)K, U=-4,40 MI[)I(,
C2H4O3-Sb203'8b283'H202 G :-4,06 MI[)K, H:-4,43 MI[)K, U:-4,45 MI[)K

KonunuecTBo pacTBopeHHBIX BemnecTB B pactBope (TDS, mMr/kr) cocraBiseT B
aumoHHON kuciaore CgHgO7-Sb,03-Sh,S;-H,O TDS=429,44; B g0104HONl KHCIIOTE

C4H605-Sb203-8b283-H20 TD8=332,04, B BUHHOM KHCIIOTE C4H606-Sb203-8b283-
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H,O TDS=184,63; orcroma BuIHO, 4YTO 3HaueHHe |DS Haubojblee B CHUCTEME
CeHgO7-Sbh,03-Sb,S;3-H,0, rae pH paBuo 2,06. C yueToM 3THX 00CTOSITEILCTB, HIKE
MPUBEACHO PACIPECICHUE CYPbMYCOACPKAIUX KOMIIOHEHTOB B BOJHOM PacTBOPE
JUMOHHOM KUCIIOTHI (Ta01. 3, cTp.72 auccepraiun).

Tabmuma 3 - PacnipeneneHne KOMIOHEHTOB U YaCTHI] B CUCTEME: JTMMOHHASI KUCJIOTa

C6H807-Sb203-8b283-H20 (3111) Ipu T=298 K u PZO,I MlIIa

Pacnipenenenue MOJISITIBHOCTD | KOJIMYECTBO MI/KT p-pa uiH | K03 uIeHt
KOMIIOHEHTOB M YaCTHI] MoJIeH Bec.% aKTUBHOCTH
Boaublii pacTBop

CO3” 1,38e-14 3,22e-15 8,26e-13 0,67
HCO3 4,25e-06 9,94e-07 2,5%-04 0,91
CH;COO 4,24e-05 9,92e-06 2,50e-03 0,91
CO; 2,27e+01 5,32e+00 1,00e+00 1,00
CoHe 2,66e-01 6,22e-02 8,00e+00 1,00
HCOO 2,00e-10 4,69e-11 9,02e-09 0,91
H, 1,91e-11 4,47e-12 3,85e-11 1,00
H»S 1,38e-13 3,22e-14 4,69e-12 1,00
CsH1o 5,50e+00 1,29e+00 3,20e+02 1,00
CsHg 1,29e+00 3,02e-01 5,69e+01 1,00
C4H;03 2,82e-14 6,59e-15 2,90e-12 0,91
C,H;0” 4,24e-05 9,92e-06 2,50e-03 0,91
C4H70, 1,46e-03 3,42e-04 1,27e-01 0,91
CoHs03 5,17e-18 1,21e-18 3,88e-16 0,91
C3H304 2,25e-09 5,27e-10 2,32e-07 0,91
CoHO, 7,39e-15 1,73e-15 6,58e-13 0,91
HSbO, 1,12e-07 2,61e-08 1,73e-05 1,00
C3HsO3 6,40e-15 1,50e-15 5,70e-13 0,91
C3H204" 3,14e-13 7,34e-14 3,20e-11 0,67
C3Hs0” 4,27e-04 9,99e-05 3,12e-02 0,91
SbO, 6,36e-17 1,49e-17 9,78e-15 0,91
OH 4,60e-16 1,08e-16 7,82e-15 0,91
H* 2,40e-03 5,62e-04 2,42e-03 0,90
H,O 1,37e+01 3,21e+00 5,79e+01 1,00
Sb - 5,10e-01 6,82 1,00
Sb,S; - 1,00e+00 37,31 1,00
Sb,O¢ - 8,72e-01 55,86 1,00

KoHIIeHTpallMOHHOE pacrpe/e/iCcHHe KOMIIOHCHTOB W 3apsOKCHHBIX YaCTHIIL:
CO5?, HCO;, CH,COO", CH;COOH, CO,, C,Hs, HCOO", HCOOH, H,, H,S, CH,,
CH3OH, C4H;,, CsHg, C,HsCOO", C,HsCOOH, C,H,05", C,H;0%, C,H,0,", C,H;05,
CsH;04, C,HO,, HSbO,, C;Hs04, C3H,0,7, C3HsO*, SbO,, OH', H*, H,O, Sb,
Sb,Ss, SbsO¢ B BomHOM pacTBOpe JIMMOHHON KHCJIOTHI IIOKa3alo OOpa3OBaHHE
OTICNBHBIX TIPOAYKTOB, THae coaepxkaHue Oonpme 0,1 Mois, B TOM 4YHCIE
CYypbMYCOACpKAIIUX KOMIIOHEHTOB (0003HAYCHBI YKUPHBIMH CUMBOJIAMH).

Pacnipenenenne cypbMycoiepiKallux KOMIIOHCHTOB M YacTHI[ B CHCTEMax:
C4H606-Sb283-8b203-H20, CeHgOerzSg-szOg-HzO, C2H403-Sb283-8b203-H20,
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C4HgOs5-Sb,S3-Sh,03-H,0,C4HgO4-Sh,Ss-  Shy,03-H,0,  C3HO3-Sh,S;-Sh,03-H,0,
COOTBETCTBYIOIINX MUPOMETAITYPrHUYECKUM PeKUMAM JCCTPYKITUHN TBEpI0id (pa3pl
T=500-1000 K, moka3ano oOpa3zoBaHHE¢ KOHACHCHPOBAaHHBIX BemecTB: Sh (k), Sby03
(x), Sbh,S;3 (k), a Taxke coemuHeHMid CypbMbl THHa. Sb, Sb,, Shz, Sbs, SbO, Sh,Os,
SbH, SbH; u SbS 3a cuer B3aumHOTrO NIpeBpateHyst cyIbhUIa U OKCHIA CYPbMBI TIPU
BBICOKHMX TEMIIepaTypax C BBIICICHHEM KOHICHCHPOBAHHOW CYPbMBI M JIHOKCHJIA
cepbl: Sby03+Sh,S;=Sb(x)+SO,, m apyrux H, O - coxepammx BeIIECTB,
00YCIIOBJICHHBIX U3 MOJICKYJI OKCHKapOOHOBBIX KHCJIOT.

KonnencupoBannas cypbMa Sb (k) (puc.1-3, Tadi. 4) oOpa3yercs B mpeeinax
u3MeHeHus: temmneparypbl oT 448 K nmo 998 K. AHanormyHoe pacnpeneneHue
CYypbMYyCOJIepKAIUX KOMIIOHEHTOB M YacTHUI] B Ta30BOH (a3e, B 3aBUCHMOCTH OT
TEMIIEPATypPbl, OTMEYCHO U B OTACIIBHBIX CHCTEMaX, BKIFOYAIOIINX BUHHYIO KHCIIOTY,
okcun cypbMbl 1 Boxy (HoC4H406-Sb,03-H,0 (3:1:1), P=0,1 MIla, T=285-1005 K) u
BUHHYIO KHCIOTYy, cyibdun cypbmbl U Boxy (H,C4H406-Sb,S3-H,O (3:1:1), P=0,1
MlIla, T=285-1005 K).

W3 nmaHHBIX, MPEACTaBIEHHBIX Ha PUCYHKE 1 BHIIHO, YTO C YBEIHMYECHUEM
TEMIIEPATyPhI MpoIecca KOHBEPCHH TBepor (a3bl, KoHIeHTparmu: Sh, Sh,, Sbs, Shy,
SbO, Sb,O¢, SbH, SbH; u SbS yBenuumBaroTcs, a konmenTpamun: Sb (k), Sh,0;3 (k),
Sb,S0; (k) m3MeHsFOTCS CTyTeHYaTo; MakcuMyMbl oTMedeHbl ipu 648 K. B cucteme
C4HgOg-Sh,S3-Sh,03-H,0O oOHapykeHo 0Opa3oBaHHE TPEX BUAOB OKCHJIOB CYPHMBI
tumna: SbO, Sb,0; (k), Sb,4Os.

B HM3y4eHHBIX TETEPOreHHBIX CHCTEMax KPOME CYPbMYCOJICP)KaIluX BEIIECTB,
KaK ObIJI0 oTMe4eHO BhIme, oOpasytores: H, C, O, S - comepkamye KOMIIOHEHTHI
gactuisl: H, Hy, OH, H,0, S, S;, S3, S4, SO, SO,, S;0, SH, H,S, SOH, H,SO, C (k),
CO, CO,, CH;, CHy4, CyH,, CoHy, CyHs, CoHg, CsHg, CHO, CHO,, CH,0, CH,0,,
C,H;0,, C3H¢O, CS, CS,, COS (ctp.58 muccepramuu). Otrcioga Cileayer, 4TO
oOpa3oBaHWE€  KOHJCHCHPOBAaHHBIX  BEIICCTB,  IO-BHJAMMOMY,  CBSI3aHO  C
B3aMMOJICHCTBHEM COCIMHCHHUI CypbMbI ¢ BoccTaHoBHTEsiMUA Tuna: H,, C (x), CO,
SO,, CH,.

Conepkanue KOHJICHCUPOBAHHOTO yTiiepojaa cocTaBisieT oT 7,443 MoJb/KT 10
0,374 monp/kr B mpenenax m3MeHeHHs Temmeparypsl oT 298 K no 748 K, a Boabl
18,361-9,418 monw/kr, Monekymspaoro Bogopoaa 0,0001- 8,371 mone/kr mpu 298-
998 K, cootercTtBeHHO; okcuaa yriaepoga CO=0,0005-5,050 monb/kr npu 498-998
K; nmuokcupa yrinepoma CO,=5,439-10,226 wmomabs/kr (298-748 K), 10,226-8,223
moub/kr (798-998 K); CH,=0,442-2,192 monw/kr (298-698 K); C (x)=7,443-0,374
modb/kr (298-748 K); Sb (x)=1,146-2,124 monw/xr (298-698 K), 2,124-1,986 mMob/kr
(798-998 K). KonueHTpanroHHbIe JaHHBIE 10 BCEM KOMIIOHEHTAM M YaCTHIIAM IS
BCEX M3YyYEHHBIX CUCTEM TPHU PA3IMUHBIX UX COOTHOIICHUSAX TOJIPOOHO MPUBEACHEI B
OCHOBHOM YaCTH JTUCCEPTAIUH, & TAKXKE B €€ MPUIIOKCHHH.

Takum 00pa3omM, Ha OCHOBE CHCTEMAaTHYECKUX W3YYCHH T'eTePOTCHHBIX
CIIOXKHBIX cMmeceit: Sh,03 - ShyS; - Bunnas kucnora (C4HeOg) - H,O; Sb,O3 - Sh,S; -
aumonHas kuciaora (CgHgO-;) - HyO; ShyO3 - Sb,S; - s6a0unas xucnora (C4HgOs) -
H,0; Sb,03 - Sh,S; - suTapnas kucnora (C4HgO,) - H,O; Sh,0O3 - Sh,S; - Montounas
kuciora (C3HgO3) - H,O; Sb,03 - Sh,S; - rukonesas kucinora (C,H403) - H,O
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Puc.1. PaBHOBeCHBIE COCTaBBI MU KOHLEHTPALIMM OCHOBHBIX KOMIIOHEHTOB, 00pa3yIOIIHUXCS B CYPbMYCOAEPKAILINUX

MOAE KT
29

- 365"""""”""" a5ees

C3H03-Sb,03-Sb,S;-H,0

cucremax npu P=0,1 MIla u cootHomeHusX ucxoaubix Bemiects (3:1:1:1). KonnencupoBannas cypsma Sb (k) oOpa3syercs B

npeaenax u3MeHenus remmeparypsl oT 448 K no 998 K.

Ta6nuna 4 - Pacnipesenienre CypbMycoiepKaiiux KOMIIOHEHTOB M YacTHI] B Ta30BOM (pa3e (MOJIb/KT) B 3aBUCUMOCTH OT

temnepatypsl ipu P=0,1 MIla u cooTHomenusx ucxoaubix Bemiects (3:1:1:1)

punHas kucjaora C,HgOg-Sb,S;3-Sbh,05-H,0

T Sb (K) Sb sz Sbg Sb4 SbO szOg (K) Sb405 SbH SbH3 SbS szS3 (K)
448 1,14691 | 1,93E-22 | 2,92E-18 | 1,93E-22 | 2,58E-15 | 1,93E-22 | 2,86E-30 | 4,73E-14 | 5,59E-20 | 7,05E-21 | 3,98E-18 | 0,488961
548 1,23761 | 9,11E-18 | 2,69E-13 | 1,15E-16 | 9,35E-11 | 3,1E-22 | 2,86E-30 | 9,58E-15 | 8,49E-15 | 1,67E-16 | 4,29E-13 | 0,443613
598 1,45764 | 1,21E-15| 1,93E-11 | 2,35E-14 | 4,66E-09 | 5,92E-20 | 2,86E-30 | 5,5E-15 | 7,53E-13 | 6,92E-15 | 3,26E-11 | 0,333596
648 197871 | 7,68E-14 | 7,18E-10 | 2,11E-12 | 1,26E-07 | 5,08E-18 | 2,86E-30 | 3,53E-15 | 3,36E-11 | 1,51E-13 | 1,28E-09 | 0,073061
698 2,12483 | 2,68E-12 | 1,57E-08 | 9,78E-11 | 2,1E-06 | 2,28E-16 | 2,86E-30 | 2,37E-15 | 8,81E-10 | 2,11E-12 | 1,5E-08 | 2,86E-30
998 1,98692 | 2,1E-06 | 0,001412 | 0,000116 | 0,033582 | 1,67E-09 | 2,86E-30 | 3,16E-13 | 0,000172 | 9,94E-09 | 0,000243 | 2,86E-30
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JumonHas kucaora CgHgO;-Sh,S;-Sb,03-H,0

T Sb (K) Sb sz Sb3 Sb4 SbO szOg (K) SbH Sng SbS szSg (K)
448 1,14707 | 1,93E-22 | 2,84E-18 | 1,93E-22 | 2,51E-15 | 1,93E-22 | 2,86E-30 | 5,64E-20 | 7,66E-21 | 3,87E-18 | 0,488881
548 1,24087 | 8,87E-18 | 2,62E-13 | 1,12E-16 | 9,1E-11 | 2,9E-22 | 2,86E-30 | 8,52E-15 | 1,78E-16 | 4,17E-13 | 0,441983
598 1,46744 | 1,18E-15 | 1,88E-11 | 2,29E-14 | 4,54E-09 | 5,56E-20 | 2,86E-30 | 7,55E-13 | 7,34E-15 | 3,18E-11 | 0,328694
648 2,00307 | 7,49E-14 | 7,01E-10 | 2,06E-12 | 1,23E-07 | 4,79E-18 1E-30 3,37E-11 | 1,6E-13 | 1,24E-09 | 0,060882
698 2,12483 | 2,61E-12 | 1,54E-08 | 9,55E-11 | 2,05E-06 | 2,16E-16 | 2,86E-30 | 8,84E-10 | 2,23E-12 | 1,42E-08 | 2,86E-30
998 1,97594 | 2,27E-06 | 0,001525 | 0,000126 | 0,036266 | 9,18E-10 | 2,86E-30 | 0,00021 | 1,54E-08 | 0,000189 | 2,86E-30
raukoJieBas kuciaora C,H,03-Sb,S3-Sh,05-H,0
T Sb (K) Sb sz Sbg Sb4 SbO Sb203 (K) SbH SbH3 SbS Sngg (K)
448 1,14767 | 1,93E-22 | 3,09E-18 1,93E-22 2,73E-15 | 1,93E-22 | 2,86E-30 | 6,36E-20 | 9,27E-21 | 4,21E-18 | 0,488582
548 1,25584 | 9,65E-18 | 2,85E-13 1,21E-16 99E-11 | 3,03E-22 | 2,86E-30 | 9,54E-15 | 2,12E-16 | 4,54E-13 | 0,434495
598 1,51605 | 1,29E-15| 2,05E-11 2,49E-14 4,94E-09 | 5,82E-20 | 2,86E-30 | 8,44E-13 | 8,68E-15 | 3,46E-11 | 0,304393
648 2,12483 | 8,17E-14 | 7,64E-10 2,24E-12 1,34E-07 | 5,03E-18 | 2,86E-30 | 3,77E-11 | 1,88E-13 | 1,35E-09 | 2,38E-18
898 2,09671 | 8,56E-08 | 0,000125 6,47E-06 0,006957 | 2,08E-11 | 2,86E-30 | 0,000012 | 2,98E-09 | 1,54E-05 | 2,86E-30
998 1,97443 | 2,29E-06 | 0,00154 0,000127 | 0,036632 | 1,5E-09 | 2,86E-30 | 0,000205 | 1,41E-08 | 0,000205 | 2,86E-30
s00unas kucaora C,HgOs-Sh,S3-Sh,05-H,0
T | Sb(x) Sb Sh, Shs Shy SbO | Sb,0s(x) | SbH SbH; SbS | SbySs (k)
448 0,766494 | 1,93E-22 | 3,04E-18 | 1,93E-22 | 2,69E-15 | 1,93E-22 | 2,86E-30 | 6,31E-20 | 9,33E-21 | 4,15E-18 | 0,652136
548 0,874337 | 9,51E-18 | 2,81E-13 | 1,2E-16 9,76E-11 | 2,96E-22 | 2,86E-30 | 9,46E-15 | 2,13E-16 | 4,47E-13 | 0,598214
598 1,13353 | 1,27E-15 | 2,02E-11 | 2,45E-14 | 4,87E-09 57E-20 | 2,86E-30 | 8,37E-13 | 8,69E-15 | 3,41E-11 | 0,468617
648 1,74505 | 8,06E-14 | 7,53E-10 | 2,21E-12 | 1,33E-07 | 4,93E-18 | 2,86E-30 | 3,73E-11 | 1,88E-13 | 1,34E-09 | 0,162858
698 2,07076 | 2,83E-12 | 1,66E-08 | 1,03E-10 | 2,21E-06 | 2,24E-16 | 2,86E-30 | 9,77E-10 | 2,58E-12 | 1,81E-08 | 2,86E-30
998 1,92037 | 2,29E-06 | 0,001539 | 0,000127 | 0,036615 | 1,41E-09 | 2,86E-30 | 0,000205 | 1,4E-08 | 0,000273 | 2,86E-30
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sstarapHas kucjora C4HzO4-Sh,S3-Sh,05-H,0

448 | 1,14768 | 1,93E-22 | 2,9E-18 | 1,93E-22 | 2,56E-15 | 1,93E-22 | 2,86E-30 | 6,18E-20 | 9,62E-21 | 3,95E-18 | 0,488575
548 | 1,25491 | 9,07E-18 | 2,68E-13 | 1,14E-16 | 9,3E-11 | 2,73E-22 | 2,86E-30 | 9,21E-15 | 2,16E-16 | 4,26E-13 | 0,43496
598 | 1,51183 | 1,21E-15 | 1,93E-11 | 2,34E-14 | 4,65E-09 | 5,27E-20 | 2,86E-30 | 8,14E-13 | 8,8E-15 | 3,25E-11 | 0,3065
648 | 2,11729 | 7,7E-14 | 7,19E-10 | 2,11E-12 | 1,27E-O7 | 457E-18 | 1E-30 | 3,63E-11 | 19E-13 | 1,28E-09 | 0,003769
698 | 2,12483 | 2,68E-12 | 1,58E-08 | 9,79E-11 | 2,1E-06 | 2,07E-16 | 2,86E-30 | 9,55E-10 | 2,67E-12 | 1,28E-08 | 2,86E-30
998 | 196164 | 2,48E-06 | 0,001672 | 0,000138 | 0,039757 | 6,38E-10 | 2,86E-30 | 0,000249 | 2,15E-08 | 0,000162 | 2,86E-30
moJiouHas kucaora Cs;HgO5-Sb,S;-Sbh,05-H,0

448 1,14871 | 1,93E-22 | 3,11E-18 | 1,93E-22 | 2,75E-15 | 1,93E-22 | 2,86E-30 | 7,14E-20 | 1,29E-20 | 4,25E-18 | 0,488062
548 1,27856 | 9,75E-18 | 2,88E-13 | 1,23E-16 | 1E-10 | 2,65E-22 | 2,86E-30 | 1,05E-14 | 2,78E-16 | 4,58E-13 | 0,423137
598 1,58697 | 1,3E-15 | 2,08E-11 | 2,52E-14 | 5E-09 | 5,16E-20 | 2,86E-30 | 9,27E-13 | 1,12E-14 | 3,5E-11 | 0,268931
648 2,12483 | 8,28E-14 | 7,74E-10 | 2,27E-12 | 1,36E-07 | 4,5E-18 | 2,86E-30 | 4,14E-11 | 2,44E-13 | 1,15E-09 | 4,5E-23
948 2,0426 | 5,67E-07 | 0,000557 | 3,72E-05 | 0,020223 | 8,76E-11 | 2,86E-30 | 7,26E-05 | 1,24E-08 | 4,47E-05 | 2,86E-30
998 1,94673 | 2,71E-06 | 0,001824 | 0,00015 | 0,043393 | 6,3E-10 | 2,86E-30 | 0,000287 | 2,77E-08 | 0,000145 | 2,86E-30
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Puc.2. Pactipenenenue cyppbmycoaepKamnx KOMIOHEHTOB M YaCTHUIl B Ta30BOM
da3ze B 3aBucuMOCTH OT TemrepaTypsl B cucreme: H,CyH406-Sby05-H,0 (3:1:1) npu
P=0,1 MIIa, T=285-1005 K.
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Puc.3. Pacnipenenenne cypbMycoiepiKamnx KOMIIOHEHTOB ¥ YaCTHI] B Ta30BOK
¢aze B 3aBHCHUMOCTH OT Temrieparypsl B cucteme: HyCyqH4O6-Sh,S3-H,0 (3:1:1) npum
P=0,1 MIla, T=285-1005 K.

IpH THAPO- U MAPOMETAUTYPrUUYeCKUX PEKHUMax JCCTPYKIMH TBepaon (as3nr (288-
1000 K) ycraHOBIEHBI KOHIICHTPAIMOHHBIC PaCHpPEICIICHUs CYypPbMYCOIEPKaIIIX
kommonentoB (HSbO,, SbO, Sbh,S; (k), Sb,03 (k), Sb,Oq, SbH, SbH3, SbS) u yactun

(SbO,’, Sb (), Sh, Sh,, Sbs, Shs) B BoaHBIX pacTBOpax OKCHKapOOHOBBIX KHUCIIOT.



[TomyueHHble NaHHBIE TOJE3HBI B ONPEICIICHUM XHMH3Ma IIepeHOca BEIISCTB U
HANpaBJICHUS TPOTCKAHWS MAacCOOOMEHHOrO TMpoIecca, YTO M TOATBEPIKICHO
3HAYCHUSAMH KpuTepuaibHoro uyucia Ilpannmis (Pr HmKe eIWHUIBI, CM.
JMCCEPTAIIMIO), OMPEACIIEMOr0 Kak OTHOIIeHHE Koddumuenta mudpdy3un K
KAHEMATUYCCKOW BSI3KOCTH CHCTEMBI. YCTAHOBIICHBI (DU3UKO-XUMHUYECKUE (00BEM,
Macca, IUIOTHOCTb, OKHCIHMTECIIBHO-BOCCTAHOBUTEIBHBIA TOTCHIMAN, BOIOPOIHBIH
NOKa3aTellb, WOHHAs CHJIa, KOJIMYECTBO pACTBOPCHHBIX BEIECTB 1Kr pacTBoOpe,
TEIJIOEMKOCTh,  TEIUIONPOBOJAHOCTh, JMHAMUYECKass BS3KOCTb, MaccoBas — JIOJIS
KOHJICHCHPOBAHHBIX BEIIECTB) U TEPMOJUHAMHUUCCKHUE TapaMeTpbl (dHeprus ['uboca,
SHTAJIBIINS, SHTPOIINS, BHYTPEHHSISI SHEPT s ) TETEPOreHHOM CII0KHOM cuctembl: Sh,0; -
Sh,S; - okcukapoonoBbIe KHCTOTH - H,O. CocTaBieHsl OajlaHCOBBIC BECOBBIC PACUCThI
KOMITOHCHTOB B OTJICNIbHBIX (Pa3ax reTeporeHHbIX cHcTeM. [10 3HaYCHHMSM SHTAJIBIINH,
sHeprun ['mOOca, BHYTpEHHEH SHEPIMU YCTAHOBJICHBI TPOTEKAHWS W HaIpaBJICHHS
nporecca TPH IMHUPOKUX TpenesiaX W3MEHEHUS TeMIeparypbl. Y CTaHOBJICHO, YTO
OKCHKapOOHOBBIE  KHCJIIOTBI 1O  OTHOmEeHWH  cucrteMbl:  Shy03-Sh,S;-H,O
pacrojararoTcs B CISAYIONICH aKTUBHOCTHU: JIMMOHHAs, SI0JI0UHAs, BUHHAS, STHTapHas,
MOJIOYHas1, TIuKoyeBas. [lokazaHo, 4To pacCTBOPUMOCTH TBEPAOH (a3bl HANOOIBIIIAS
B JIMMOHHOW KHCJIOTE, TJI€ 3HAYCHHUS OKHCIUTEIHbHO-BOCCTAHOBHTEIHLHOTO
norenrnmana (Eh, B) cucremsr momoxutensHas u MakcuMmanbHas (0,1 B) mo
OTHOIIICHUIO JPYTUX OKCUKApOOHOBBIX KUCIIOT, COOTBETCTBEHHO CBOWMCTBO PacTBOpPA
371ech 0oJiee OKHUCITUTENbHOE. VHIMBHIyaIhbHOCTD MOJMYYCHHBIX KOHJCHCHPOBAHHBIX
COCIMHEHUA CypbMBI TIOJTBEPK/ICHA HAa OCHOBE XHWMHUYECKHUX METOJOB aHaJM3a
(mepmaHraHaToMeTpus). AJEKBATHOCTh (DU3MKO-XMMHUYECKHX NapaMETPOB CHCTEMBI
TIOATBEPK/ICHA HAa OCHOBE CXOJMMOCTHIO OaJaHCOBBIX PACUYETOB KOMIIOHCHTOB B
OTACIBHBIX (Da3ax, a TakKe CpaBHEHHEM DKCIICPUMEHTAJIbHBIX M PACUCTHBIX BEITHMYMH
BOJIOPOJIHOTO ITOKA3aTENIs CPEJIbI.

IIpuHOUNMHUAIBLHAS TEXHOJOIMYECKAs CXeMa MpoLecca pasjaejieHus NPOAYKTOB
OT NpuMecei ¢ HCMOJIb30BAHUEM JIJMMOHHOM KHCJI0THI 1 HOHOOOMEHHOI CMOJIbI
U MOJIYYEeHUS OKCHIA CYPbMbI

Pe3ynprarel 3KCIEPUMEHTAIBHBIX M PACUETHBIX HCCIENOBAHUM I10O3BOJIUIIN
pa3paboTaTh TPUHIMIHAIBHYIO TEXHOJOTUYECKYIO CXEeMy IIpolecca pa3aeieHus
MPOYKTOB OT MPUMECEH C HMCIOJIH30BAHUEM JIMMOHHON KHCJIOTHI 1 MOHOOOMEHHOM
CMOJTbI, ¥ Tioaydenus okcuaa cypbMbl (1) u3 cynbbuanbix ee coenunenuii (puc. 4).
JecTtpykuus TBepAoi ¢a3bl OCYIIECTBIEHa KOHIIEHTPUPOBAHHBIM PACTBOPOM CEPHOM
KHCJIOTBI C y4YacTHEM XJIOpHJIa KalbliMsg B MPUCYTCTBUU oOKkcuaa Maprania (IV)
COTJIACHO IO PEaKILIMH:

Sb,S3+3MnO,+6H,S0,+6CaCl,=2ShCl;+3MnCl,+6CaSO4+3S+6H,0.
Peakums wmer B ciaenytomem mnopsake: (1) H;SO,+CaCl,=CaSO4+2HCI, (1)
MnO,+4HCI=MnCl,+Cl,+2H,0, (11l) Sb,S;+Cl,=2SbCl;+3S.

Bonopoansiii mokasarens, T.e. pH pactBopa pasen 0,44; mpoaomKUTEIbHOCTh
nporecca 1,5 uvac. IIponykr peakuuun pactBopsiercs B 30% JIMMOHHON KHUCIOTE;
3aTeM pacTBOP JJMMOHHOKHCIION CypbMbI BIIMBACTCS HA 3apaHee HAOyXIUH KaTHOHUT
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KV-2-H. Jlanee cmech ctaButcsi Ha mepememuBanue B ABY-1 na 3,5 waca. Ilo
WUCTEYCHUH BPEMEHU pacTBOp (GUIbTpyeTcs M B (UIBTPATE OMPEACISICTCS CypbMa
MEPMAHTaHATOMETPUUECKUM METOAOM, TJI€ B KHUCION Cpelie UIET BOCCTAHOBJICHUE
MnO* 0 Mn?" : MnO* + 8H" + 5 e- — Mn®*" + 4H,0. OtneneHue CypbMbl OT
MIpUMECEH 13 TUMOHHOKHCIIBIX PaCTBOPOB OCYIIECTBIISIETCS Ha aHnoHute AB-17.

Puc.4. IlpunuunuaibHas TEXHOJIOTMUECKas CXeMa pas/iesieHus IPOIYKTOB OT
pUMecei U MOJYyYEHHUs OKCHIa CYPbMBI.
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PactBop QuibTpyeTcs u 0CaJioK CYIIMTCS B CYIIMJIBHOM INKady MPU TeMIEepaType
100°C, 3arem mpokaimBaeTcss B MydenbHOW meun mpu 650°C. Ha anmonute
copbupyercs cypbMa. B mpemio)keHHONW cXeMe MCXOJIHBIM XJIOPUPYIOIUM areHTOM
COCIMHEHHI CYPhMBI CIIY>KUJT XJIOPH]T KAIBIHUS HA OCHOBE KOTOPBIX OBUIN MOTYYCHBI
HCI, Cl, u nanee cyapbuanas ¢asza nmog ux aeictsuem nepenuia B SHCls, uro u
SBIJIOCh MAaTpPHUIIEH TMPH TMOJYyYEHUH CYPbMSHHCTO - JJMMOHHON KHCIOTHI U Jlajee
okcuja cypbMbl. Pe3ynbTarsl qecTpykiuu TBepaon ¢asbl (SbyS3) B oOKUCIUTEIBHOM
cpene (MnO,-H,SO,4-CaCly) mokasaiu, 4TO Ha OCHOBE HCXOIHOIO SKOJIOIHYECKU
0€30IMacHOT0 XJIOpHUAa Kbl 00pa3yIOTCsl XJIOPUCTBIA BOAOPOJ U MOJEKYJISAPHBIN
XJIOp ¥ OHM B JTaJIbHEHIIIEM crioco0cTBOBaM niepeHocy cypbMbl B Bujae ShCl; u ShCls
B 3aBHCUMOCTH OT KoHIeHTparmuu MnO, u H,SO, B pactBope, T.€. XJOPUPYIOIIHE
are’HTbl NposBIAAIOT 3(dext cuHeprusma. C yyeToM OTHUX MOJOKEHHHA OblIa
pa3paboTaHa IPUHIMITHAIBHAS TEXHOJOTHYECKAsl CXeMa JIeCTPYKIIUU TBEpI0i (a3sbl,
paszesieHusl mpuMeceid C HMCMHOJb30BAHUEM JIMMOHHOM KHUCIOTHI U MOHOOOMEHHOM
CMOJIBI ¥ TIOJTYYEHHUS OKCHJIA CYPbMBI.

BbIBO/1bI
1. Uzyuensl cuctemsl: Sb,0;3 - Sh,S; - Bunnas kucnora (C4HgOg) - H,O, Sb,03- Sb,S;
- mumonHas kuciota (CgHgO-) - HyO, Sh,03 - Sh,S; - s6nounas kucimora (C4HgOs) -
H,0, Sb,03 - Sh,S; - ssaTapuas kucnora (C4HgO,) - H,O, SbyO3 - Sb,S; - Mmonounas
kuciaora (C3HgO3) - H,O, Sb,O3 - Sb,S; - rmukonesas kucmora (C,H403) - H,O mpu
THAPO-U  IHUPOMETAUIYPTUUYCCKUX pEXMMaX JICCTPYKIUU TBEpHOH (asbl H
orpeeneHsl (GU3NKO-XUMUYECKHE ¥ TEPMOJINHAMHUECKUE MX TTapaMeTphI.
2.YCTaHOBIIEHBI ~ KOHIIEHTPAIlMOHHBIE  DPACHpPEICICHUST  CYPbMYCOAEPIKaIIHX
KOMITOHCHTOB U YaCTHI[ B PACTBOPaX OKCHKAPOOHOBBIX KHCIIOT - BOJA MPH IIHPOKUX
WHTEPBAIaX U3MEHEHHS TEMIIEPATYPhl M COOTHOIIEHUS HCXOIHBIX KOMITIOHEHTOB.
3.PaBHOBECHBIE COCTaBbI M KOHIIEHTPAllMd COCOUHEHHH CypbMBI B  Cpejie
OKCHUKapOOHOBBIX KUCIIOT - BOJA MOKa3alid, 4TO B XUAKOHN ¢aze comepxkarcs HSbO,,
SbO,’, a B raszosoii ¢asze - Sb (x), Sb, Sh,, Shs, Sh,, SbO, Sb,03 (x), SbsO¢, SbH,
SbH3, SbS, Sb,S; (k). B3aumuoe npespaitienne cyabhuaa U OKCHAA CypbMbBI IMPH
BBICOKHMX TEMIIEpaTypax IMPHUBEIO K 00pa30BaHUI0 KOHIACHCHPOBAHHOW CYpbMbI H
nuokcuma cepbl: 2Sh,03+Sh,S;=6Sb(k)+3S0,, a takke apyrux H, O, S, C -
COZICPIKAIIUX BEIIECTB, 00YCIOBICHHBIX U3 MOJIEKYJI OKCHKApOOHOBBIX KHCIIOT.
4. Pacripenenenue CypbMycCo/IeprKalliiX KOMIIOHEHTOB U YaCTHI[ B ra30-KUJIKOCTHBIX
cpefax IMO3BOJHIIO OIMPEACIUTh KOHIEHTPAIMOHHBIE W TeMIIepaTypHbIC MpPEIesbl
00pa3oBaHUs OTACIBHBIX KOHJICHCHPOBAHHBIX BeriecTs: Sh (k), Sb,03 (k), Sh,S; (k).
5. YcTaHOBJIEHO, YTO OKCHKApOOHOBBIE KHUCIIOTHI IO OTHOIICHHIO CHUCTEMBI: Sh,03-
Sh,S;-H,0 pacnonararorcs B ciaeayromieil akTHBHOCTH: JTMMOHHas kuciora (298 K,
pH=2,06, Eh=0,1 B); siomounas xucnora (298 K, pH=2,16, Eh=0,08 B); BunHas
kucinota (313 K, pH=2,26, Eh=0,06 B); sHtapuas kucnora (333 K, pH=2,66,
Eh=0,06 B); mosnounas kuciora (393 K, pH=4,15, Eh=-0,14 B); rimkojeBas Kucjaora
(298 K, pH=4,30, Eh=-0,07 B). Iloka3aHOo, 4TO pacTBOPHUMOCTb TBEPJOH (ha3bl
HauOoJbIIass B JUMOHHOM  KHCJIOTE, TIJI€  3HAYEHWS  OKHCIIMTEILHO-
BoccraHoBuTenbHOro morennuana (Eh, B) cucrembl momokuTenbHas —u
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makcuMaibHas (0,1 B) mo oTHOMmIEHWIO K JAPYrdM OKCHKapOOHOBBIM KHCIIOTaM,
COOTBETCTBEHHO CBOKCTBO PacTBOpa 00Jiee OKUCIUTENBHOE.

6. Paspaborana mpuHIMNHNAIbHAS TEXHOJOTHMYECKas CXeMma Ipoliecca pa3/esieHus
MPOJYKTOB OT MPUMECEH C MCMOJIb30BAHUEM JIMMOHHOM KHUCJIOTHI U MOHOOOMEHHOM
CMOJIbI, ¥ TOJYYEHUsI OKCHAA CypbMbl. [Ipy 3TOM B KauecTBE XJIOPUPYIOILIETO areHTa
OB UCTOJIb30BaH PAaCTBOP XJIOPUJIA KAJIBLIMS B CPEI€ CEPHOM KUCIOTHI C y4aCTUEM
JTMOKCUJIa MapraHIa.
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NEPEYEHb YCJIOBHBIX OFO3HAYEHUM:
C - pabouas KOHIIEHTpaIIus, KT/M;
C” - paBHOBECHAs] KOHIIGHTPALIWS, KI/M",
C,’ - yaenbHas TemoeMKocTb, KJx/(kr-K);
| - saTambmus, kJHX/KT;
Lt - koaddunuent rermaonpoBoanocty, Bt/(Mm-K);
MMq - MonsipHast Macca ra3oBoi (hasbl, T/MOJIb;
Mu - koadurmenT nuHaMudeckoit Bsizkocty, Ila-c;
IL - YHCIIO MOJIEH, MOJIb/KT;
Pr’ - yucno IIpanaris;
Rq - razoBas nocrosiaHas, Jx/(kr-K);
S - sutponus, kJx/(kr-K);
U -BHyTpeHHSIs1 sHEpTUs, KJx/Kr;
V - yienbHBIN 00BeM, M3/KF;
Z - MaccoBast 10JIsl KOHIEHCUPOBAHHBIX (Da3.
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IIlabganoBa diamMupa AcaHOeKOBHAHBIH
«CyppMaHbl KapMaraH KOMIIOHEHTTEp JKaHa OeJIYKUYeNepAYH OKCHKApOOH
KHCIIOTAIAPBIHBIH IPUTMECUHACTA KOHIICHTPAIIMSIIBIK TapalbIIibl» JETeH TeMmaja
02.00.01-opraHukaiblKk 5MeC XUMUS aaUCTUTH OOOHYA XHUMHS WINMJICPUHHUH
KaHJIUJAThl HIIMMHK Japa’kachlH ayyra TajdalTaHbIIl )Ka3bUIraH JUCCEPTAMSICHIHBIH

KOPYTYHAYCY

Herusru ce3gep: cypbMa, OKCHUKapOOH KHCIIOTAChl, KbIUKbUI, CyIb(QU,
KOHIICHTpALUS, TapaJIbIII.

N3uapee oObexkTHcn: OKCUKapOOH KHCIOTachl - CYyy OPHUTMEIECPUHIE
CypbMaHBIH KbIUKBUIBl JKaHa CYJIbGUIANHUH Tapajbllibl, 3aTTapJblH  ap KblI
OYOMIOPYHIOTY KaHa MapameTpiepAuH MAaHWJIECPUHIETH KOMIIOHEHTTEPANH TEH
CAJIMAKTYYyJIyK KaHa KyMYIIUy KOHIEHTpAUsIaphbl, XUMHUSIIBIK, (PU3HKA-XUMUSIIBIK,
TEPMOJMHAMHUKANBIK ~ MYHO30MOJep kKaHa  OepuireH cUCTeMaJap IbIH
KaCUETTEPUHUH ©3TepyYJIepy.

M3unneenyn Makcarbl: OKCHKapOOH KHCIOTaJapbl - Cyy 3pUTMENIEPUHIIE
CypbMaHbl KapMaraH KOMIIOHEHTTEp KaHa OeylyKueJepAyH mHaiaa OoJyyCyH jkaHa
KOHIEHTPALUSUIBIK TapajbllIblH TeMIEpaTypaHblH KEHUPU MaaHUCHHIE H3WIN00,
CypbMaHbIH KbIUKbUIBIH Oeylyy JKaHa ajlyy HOpOUECCUHUH MNPUHIMIIHAAIIBIK
TEXHOJIOTHSUIBIK CXEMAChIH UIITEMN YBITYY.

N3unneenyn BIKMAJIAPbI: XUMUSUTBIK, du3nKa-XUMUSIIBIK,
TEPMOJAMHAMMKANIBIK; TE€TEPOTeHAMK CHUCTEMalapAbl SHTPONHUSHBIH MaKCHUMAJABIK
xaHa ['mO0CTHH SHEPTUACHIHBIH MUHUMAJIIBIK MAaaHUJICPUHIE MOJAEII06 bIKMalaphl.

AJIBIHTaH KbIMBIHTBIKTAP JKaHAa KAHbLIBIKTap. CypbMaHbIH KbIYKBIIBI
(cynbuan) - OKCUKapOOH KUCIOTACHI - CYy CUCTEMajapblHAArbl KOMIIOHEHTTEPIUH
TEH CalMaKTyYyJIyK Kypambl jKaHa KOHIICHTpAIUSUIaphl OMPUHYH KONy AHBIKTAJIIBI;
Sb, C, H, O, S - kapmaran KOMIIOHEHTTEp JKaHa 0OJIYKYOIOPAYH KOHIICHTPALUSIIBIK
TapaJIbIIbl TEMIIEpaTypPaHblH KEHUPU MAaaHUCHH/IC JKaHa alravyKbl 3aTTapbIH ap KbUI
OJUOMIOPYH/I® TaOBUIIBI, CYpbMaHbIH KOIIyIMaiapbl cytok ¢azamna: HSbO,, SbO,,
ain smu ra3 (dasaceraga: Sb (x), Sb, Sb, , Sbs;, Shs, SbO, Sbh,0; (x), SbsOf, SbH,
SbH;, SbS, Sb,S; (k) TuOMHe eTymry JkaHa OpyH anapel  OCITHIICHM;
KOHJIEHCHpJIeHTeH 3arTapAbiH: Shy0;3 (k), Sh,S;3 (k), Sb (k) puszuka-xuMHSIBIK KaHA
TEPMOJMHAMUKAJIBIK MapaMeTpiIepu ICENTENAN; KaTyy (a3zaHbl 3pUTMEre OTKepYY,
JMMOH KHCJIOTAacChl ’KaHa MOH aJMalllyyHy LIapTTaral 4aibipjap MEHEH CypbMaHbIH
KbIUKBIJIBIH OOJYYHYH jKaHa adyyHYH NPUHIUMIHAIABIK TEXHOJOTHSIIBIK CXEMachl
UIITEITUI YBIKTHI.

Koanonyy wueiipecy. CypbMaHBIH KbIUKBUIBL (Cydbpuan) - OKCHUKapOOH
KUCTIOTaChl -  Cyy  CHCTEMaJapblHBIH  XUMUSJIBIK,  (DU3UKa-XUMHUAIBIK,
TEPMOJMHAMUKAIBIK TTapaMeTpIIepH OPTaHUKAIBIK IMEC XUMHUS JKaHa OpPTraHUKaIbIK
IMEC 3aTTapAblH TEXHOJOTHS KypCTapblH OKyyla aHbIKTaMa MaTepuajl KaTapsbl
KOJIIOHYJIYITY BIKTHIMAJ;, CYHYIITAJITaH MPUHIUIHAIIBIK TEXHOJOTHSIIBIK CXEeMa
3aTTap/IbIH KOLITYJIMaIapblH OOyl XKaHa Ta3al00/10 Manaanyy OO0yl SCenTeNneT.
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PE3IOME
muccepraiuu 1lla6ganoBoit Dnmupsl AcanOekoBHBI Ha TeMy: «KOHIIEHTparmoHHOE
pacnpesesieHue CypbMYyCOJEp)KAIUX KOMIIOHEHTOB M 4YacTHL B pPacTBOpax
OKCUKApOOHOBBIX KHCIIOT» Ha COMCKAHHE YUYEHOW CTENEeHH KaHAMJaTa XUMHUYECKHX
Hayk 1o crienmaiabHocT 02.00.01-Heoprannyeckas XuMus

KaroueBble cjioBa. cypbMa, OKCHKapOOHOBas KHCIIOTa, OKCHI, CYIbQUII,
KOHIICHTpAIUs, PacIpe/CIICHHE.

OO0beKT wucCIeI0BAHMSA. JICCTPYKIIUS COCAUHCHUH CYpbMBI B CHCTEMaXx:
OKCHUKApOOHOBBIC KHCJOTHI - BOJIa; pPAaBHOBECHbIE M paboO4YMe KOHIICHTpAIIUU
KOMITOHEHTOB; XUMHYECKHE, (U3UKO-XUMHYECKHE, TEPMOIMHAMHYCCKHE
XapaKTePUCTHKU W M3MEHCHHS CBOHCTB CHCTEMBI MPU PA3IUYHBIX COOTHOIICHHSIX
KOMITOHCHTOB M TEMITEPaTYPHBIX PEKUMHBIX ITaPaMETPOB.

Hear wucciaenoBanus: HM3yueHue oO0Opa3oBaHus W KOHLEHTPALMOHHOTO
pacnpenesieHusT CypbMyCOJEp)KallluX KOMIIOHGHTOB HM YacTHWII B  pacTBOpax
OKCUKApOOHOBBIX KHCJIOT - BOJa IIpH IIHPOKUX HHTEpPBajIaX H3MEHCHUS
TEMIIepaTypbl U pa3paboTKa MPUHIHUIIHAILHON TEXHOJOTHYCCKON CXEMBI Iporecca
paszieicHUs 1 TOJIyYCHHUS OKCUIA CYPbMBI.

MeToabl HCCJIeIOBAHUS: XUMHYECKUMH, (U3UKO-XUMHUYECKUH,
TEPMOJIMHAMHYCCKHUI; MOJICTUPOBAHHE T'CTCPOICHHBIX CHUCTEM IIPH MaKCHMYyME
SHTPOIUH CUCTEMBI M IIPU MUHUMYyMe dHepruu [ md0oca.

IMony4yeHnHble pe3yJbTaThl H HOBH3HA. BIiepBhie omnpe/iecHbl paBHOBECHBIC
COCTaBbl M KOHIICHTpAIlMM KOMIIOHEHTOB B CHCTEMaX: OKCHJI CYPbMBI - CYJIb(pua
CYpbMBI - OKCHKapOOHOBBIC KHCIOTHI - H,O W yCcTaHOBIEHBI KOHIICHTPAIMOHHBIC
pacnpeaenenus. Sb, C, H, O, S - cogepxamux KOMIIOHCHTOB M YacTHIl B Ta30BOM M
KUAKoW (dazax TMpU I[IUPOKUX HMHTEPBAIaX M3MCHCHHS TEMIEPAaTypbl U
COOTHOIICHHUSIX HMCXOJHBIX BEIIECTB; IMOKa3aHO, YTO B KHUAKOW ¢asze coaepikarcs
HSbO,, SbO,’, a B ra3oBoii ¢ase coequHeHHs CypbMbI Tiepexoar B: Sb (k), Sb, Sb,,
Shs, Sh,, SbO, Sb,0; (x), SbsOf, SbH, SbH3, SbS, Sb,S; (x); paccunrans! pusuko-
XUMUYCCKHUE M TCPMOJUHAMUYCCKUE IMapaMeTphl KOHACHCUPOBAHHBIX (a3 U YacCTHI
cyppMbl:  SbO3 (x), Sh,S; (x), Sb (x); pa3spaborana npUHIUIHATbHAS
TEXHOJIOTHYECKasi cXeMa pasJieJIeHHs] MPOJAYKTOB OT NMPUMECEH C HCIOIb30BaHUEM
JMMOHHOM KUCJIOTHI U HOHOOOMEHHOW CMOJIBI, U TIOJYYSHUS OKCHJIA CYPHMBI

Oo0JacThb NPUMEHECHMUS. XUMHYECKHUe, (U3UKO-XUMHUYECKHE,
TEPMOJIMHAMHYECKUE TapaMeTpbhl CHCTeMbL: OKcup (Cynbdum) CypbMBI -
OKCcUKapOOHOBbIe KHUCTOTBI - H,O MOryr OBITh HCHOJB30BAaHBI B KayeCTBE

CIIpaBOYHLIX MATCpHUaIOB IIPpU YTCHHUH CIICHHUAJIBHBIX KYPCOB II0 HeOpFaHquCKOﬁ
XUMHUHN U TCXHOJOI'MM HCOPraHMYCCKUX BCHICCTB, pa3pa60TaHHa;[ IMpUHOUIINAJIbHasd
TEXHOJOIN4YCCKas CXEMa I10JIC3Ha B IpoHeccax pa3acJICHUA U OUYMCTKHU BCIUICCTB.
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RESUME
of the dissertation of Shabdanova Elmira Asanbekovna on the theme "Concentration
distribution of antimony particles in the components and solutions hydroxy
carboxylic acids" presented for candidate of chemical science degree on specialty
02.00.01-inorganic chemistry

Keywords: antimony, hydroxycarboxylic acid, oxide, sulfide, the
concentration distribution.

Object of research: the destruction of antimony oxide and sulfide systems:
hydroxy carboxylic acids - water; equilibrium concentrations of the components and
the workers; thermodynamic characteristics and changes in the properties of the
system with different ratios of components and operational parameters

Subject of research: to study the formation and the concentration distribution
of antimony-containing components and solutions of particles in the water - hydroxy
carboxylic acids in the wide ranges of temperature change and the development of
Process flow diagram of the process of separation of antimony.

Methods of research: thermodynamic and chemical; physico-chemical
modeling of heterogeneous systems with a maximum entropy of the system and with
a minimum of Gibbs energy.

Obtained results and novelty: The results and novelty. First determined
equilibrium compositions and concentrations of the components in the systems:
antimony oxide, antimony sulfide - hydroxycarboxylic acid - H,O and set the
concentration distribution: Sbh, C, N, O, S - containing components and particles in
the gas and liquid phases at wide ranges of temperature and ratios of starting
components; it showed that the liquid phase contained HSbO,, SbO?, and in the gas
phase in a moving antimony compounds: Sb (c), Sb, Sb,, Shs, Sh,, SbO, Sh,0; (c),
Sb,0¢, SbH, SbHs, SbS, Sh,S; (c); the thermodynamic and energy parameters of the
condensed components and antimony particles: Sh,0Os; (c), Sb,S; (c), Sb (c); a
principal technological scheme for the separation and production of antimony oxide
based on citric acid and ion exchange resin has been developed.

Field of application: Thermodynamic and energy parameters of the system:
oxide (sulfide) antimony - hydroxy carboxylic acid, H,O can be used as a reference
when reading special courses on inorganic chemistry and technology of inorganic
substances; developed a process flow diagram useful in the process of separation and
purification of substances.
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