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Cnoco0 BHIIICIAYABAHNS [ICHHOTO MCTAILIA H3 PYObL, COACPKAMCH YKA3AHHBIN [ICHHBIH MCTAJIT, PHYCM CITOCO0
BKJTFOYACT CIICAYIOINE CTATUH: BIICIAYHBAHIS PYJbl B MPHCYTCTBUH COJTHOW KUCIIOTHI C 00pa3oBaHHEM
PACTBOPHMOTO XJIOPHIA MCTAJLIA B PACTBOPC 1A BHIICIAUHBAHKS, JOOABICHHC CCPHOI KHCIOTHI B PACTBOP 1A
BBIIICIAYHBAHUA, JOOBIMY Cyab(aTa MeTaLia U3 pacTBOPA T4 BHIMICIAYHBAHASL H PCTCHCPALHIO COMITHOM KHUCTOTHL. B
KA4YCCTBE PYAbI MOKET OBITH HCIOTF30BAHA OKCHIHAA PY.Aa MBETHOTO MCTAILIA, TAKAS KAK OKCHIHAS IIMHKOBAS PY/Ia,
JATCPUTHAS HUKCICBASA Py, TAKAA KaK CANPOTUTORAS PYy/Ia WIH JUMOHHTOBAS PyAa, CYIb(PHIHASL PyIa HIH THTAHOBAS
pvaa. LicHHbIf MeTamt BRIOUPAIOT W3 TpyOmbl, BKIoUaromeit Zn, Cu, Te, Al, Cr, Ni, Co, Mn, Fe, Pb, Na, K, Ca,
METaJUTbI INTATHHOBOM TPYIIIBI M 3070T0. MeTamioM B cocTase Cyib(aTa MeTaia MOXKET OBITh HCHHBIH METAIUT HIIH
MEHEE IICHHBIN METalT, TAKOH KaK MarHuii. PereHepupoBaHHbIC XJIOPHCTOBOAOPOIHYIO KHCIOTY HAIPABILIIOT B
PCLHPKY IIHOHHY 0 CHCTCMY B TPOLICCC BBIICIAYHBAHNAL



Croci0 BUIyTOBYBaHHS WIHHOTO METAJY 3 PYJH, KA MICTUTh 3a3HAUCHUI IIIHHUI METaJ, PHIOMY CIOCIO BKITIOUYAE
HACTYITHI CTaZii: BUIYTOBYBAHHS PYAH B PHUCYTHOCTI XJIOPHCTOBOJHEBOI KUCIOTH 3 YTBOPCHHAM POZYHHHOTO XJIOPHIY
MCTAy B PO3YHHI I/ BIJIYTOBYBAHHA, TOJABAHHA CiPUaHOI KHCIOTH B PO3YHH IS BUITYTOBYBAHHA, BUIOOYBAHHSA
cyab(daTy MeTany 3 PO3UMHY I BIJIYTOBYBAHHS Ta PETCHEPALIIO XJIOPHCTOBOIHEBOI KHCIOTH. Sk pyaa Moxe OyTh
BHKOPHCTAHA OKCHIHA Py/Ja KOJIBOPOBOTO METAJy, TaKa K OKCHIHA IIMHKOBA PY/a, JaTCPUTHA HIKEIeBa Pyaa, Taka K
campoJiiToBa pyaa ad0 THMOHITOBA PyAa, CyIb(ixHA pyaa ado TuraHoBa pyaa. LliHHWH MeTan BHOHPAOTH i3 TPyIH, 9KA
rmovae Zn, Cu, Ti, Al, Cr, Ni, Co, Mn, Fe, Pb, Na, K, Ca, MeTamm mIaTHHOBOI IPyIH Ta 30J0T0. MeTanoM y CKiIaai
cymbdary MeTany Moske OyTH IiHHHN MeTamx a00 MCHIN I[iHHUI MCTAJ, TAKHUil AK MarHiii. Pereaeposany
XJIOPHCTOBOAHEBY KHCIIOTY HAIPABILIIOTH Y PEOUPKYILIMIHHY CHCTEMY B ITPOLIEC BHIYTOBYBAHHSL.



A process is described for leaching a value metal from an ore containing said value metal, the process including the
steps of leaching the ore in the presence of hydrochloric acid so as to form a soluble metal -chloride salt in a leach
solution; adding sulphuric acid to the leach solution; recovering a metal-sulphate salt from the leach solution; and
regenerating hydrochloric acid. The ore may be an oxidic base metal ore, such as a zinc oxide ore; a lateritic nickel ore,
such as a saprolitic or limonitic ore; a sulphide ore or a titanium ore. The value metal is typically selected from the
group consisting of Zn, Cu, Ti, Al, Cr, Ni, Co, Mn, Fe, Pb, Na, K, Ca, platinum group metals and gold. The metal in the
metal-sulphate salt may be the value metal, or may be a metal of less value than the value metal, such as magnesium.
The regenerated hydrochloric acid is recycled within the leach process.



1. Crioci0 BHITyrOBYBaHHS LIHHOTO METAJy 3 PYIH, sIKA HOTO MICTUTb, Y IKOMY

3MIACHIOIOTh BHJIYTOBYBAHHS PYAH B MPUCYTHOCTI XJIOPUCTOBOIHEBOI KHCJIOTH 3 YTBOPEHHSIM
PO3YMHHOTO XJIOPUAY METaJy B PO3UMHI ISl BUJIYTOBYBaHH,

JOAA0Th B PO3YMH ISl BIUIYTOBYBaHHsI ClpYaHy KHCIIOTY 3 YTBOPEHHSIM TBEPIOTO Cyibdary
MeTay, e JUKEPEJIOM MeTally B CKJIaJl Cyiab(aTy MeTany roJJOBHUM YUHOM € PYyJa,

3MIACHIOIOTh PEreHepaLlii0 XJIOPHUCTOBOAHEBOI KHUCJIOTH OJHOYACHO 3 OCAIKEHHSIM TBEPIOTO
cyabdaTy MeTay, Ta

BUI00YBAIOTh TBEPAUH CyNb(aT METaTy 3 PO3UMHY IJIsI BUIyTOBYBaHHS,
y SIKOMy MeTaj BUOMparoTh 13 rpynw, sika Bkiroyae Zn, Cu, Ti, Al, Cr, Ni, Co, Mn, Fe, Pb, Na, K,
Ca, Ag, MeTay TIaTHHOBOI IPYIIH Ta 30J0TO.
2. Cnocib 3am. 1, y sskoMy cynibdaT Merany xapaktepusyetbes popmynoro MeSO4 yH20, ne

Me o3Hadae mMeTa,

a 'y nopisHroe 0 abo Oiybie.
3. Cnocib 3a . 2, y sKOMy 3HA4€HHSI y CTaHOBUTH Big O 110 3.
4. Cnocib 3a 1. 2, y sskoMy y qopiBHIO€ 0.
5. Cnoci6 3a 1. 2, y IKOMy y OpiBHIOE 1.
6. Crocib 3a Oynb-sIKMM 3 TIOMEpEeNHIX NYHKTIB, y SKOMY PYAOK MEPEeBAKHO € OKCHUAHA ado
CHJIIKaTHA PYAQ, SIKa MICTHTb OCHOBHHI MeTaJ.
7. Cnocib 3a . 6, y SIKOMy PyJIOIO € OKCHTHA IUHKOBA Py.a.
8. Crioci6 3a Oyap-sikuM 3 M. 1-5, y sKOMy pYIOIO € JIaTepUTHA HIKeJieBa pyaa.
9. Cnocib 3a . 8, y IKOMy JIATEPUTHOI PYAOIO € cCampoiiToBa a0 JIMMOHITOBA pya.
10. Croci6 3a Oyap-sikuM 3 T, 1-5, y SKOMy pyAoK0 € CyJib(piaHa pyaa.
11. Crocib 3a Oyap-sikuM 3 T, 1-5, y SKOMy PyJIOI0 € THTAHOBA Py.a.
12. Croci6 3a Oyap-sikuM 3 . 1-5, y sKOMy PyJIOIO € alFOMiHI€BA pyaa.
13. Croci6 3a Oyab-sKHM 3 TIOTIEPEIHIX MYHKTIB, Y SIKOMY CYJb(ar MeTany OCaKyIOTh 13 PO3UHHY
1Tl BUJTyTOBYBAHHSI.
14. Cnocib 3a Oyap-sixkuM 3 mm. 1-12, y sikomy cyibdar Merany BUAOOYBAKOThH 13 PO3UUHY IS
BIUTyTOBYBAHHSI METOJIOM KPUCTAJI3aLli] 3 BUTAPIOBAHHSIM.
15. Croci6 3a Oynb-sSIKMM 3 TIOTEPENHIX MYHKTIB, y SIKOMY METaJOM y CKJani Ccynbdary merany €
MarHiu.
16. Crocib 3a Oyap-siIkuM 3 TIOTIEPEIHIX MyHKTIB, Y SIKOMY CyJib(aT MeTany oOpoOsioTh B yMOBAX,
y SKHX MPOXOIUTH YTBOPEHHS A1OKCHUAY ClpKH ab0 TPHOKCUAY CipKH a0 iX cyMii.
17. Crnoci6 3a Oyap-KUM 3 MOMEPEHIX MyHKTIB, V IKOMY LIHHUA MeTall BUAOOYBAIOTh HE3AJIEKHO
Bl YTBOPEHHS COJl METaJy MpH AOAAaBaHHI CIpYaHOi KUCIIOTH.
18. Cmoci® 3a Oynb-sSIKMM 3 TIOMEPENHIX MYHKTIB, y SIKOMY PEereHEepPOBAaHOK XJIOPUCTOBOIHEBOIO

KHCJIOTOK € HaAa3€O0TPOITHA KHUCJIOTA.



19. Cnoci6 3a Oyap-SKUM 3 TMONMEPENHIX MYHKTIB, Y SKOMY PO3YHMH XJIOPUAY METANy € JIy>KHUM
PO3YHHOM.

20. Crocib 3a Oyap-sIKUM 3 MONEePeaHiX MYHKTIB, Y SIKOMY CYJIb(paToM MeTany € CyJbhaT JIy>KHOTO
MeTaiy.

21. Crnoci6 3a Oynb-sIKUM 3 TOMEPENHIX NYHKTIB, Y SKOMY pPEereHepOBaHy XJIOPUCTOBOIHEBY
KUCJIOTY HAIPABISIOTh Y PELUPKYISLIHHY CHCTEMY B IIPOILIEC BUIYTOBYBAaHHSI.

22. Croci0 3a Oyap-sIKUM 3 MOTEPENHIX MYHKTIB, Y IKOMY XJIOPUCTOBOZAHEBA KUCIIOTA, IPU3HAYECHA
111 BUIYTOBYBAHHS Py, € IPUCYTHS Y CKJIAZl COJIbOBOTO PO3YHHY.

23. Cnoci6 3a 1. 22, y SIKOMY SIK COJTbOBUH PO3YHH BHKOPHCTOBYIOTH Bif 10 % no 90 % Hacuuennii
po3uuH xjopuny Martiro, Bix 10 % no 90 % HacuueHuii po3unH xJjopuay HuHKY ado Bix 10 % mo
90 % HacWuYeHUH PO3YNH XJIOPHUAY IHIIOTO METay.

24. Cnoci6 3a 1. 22, y SKOMY SIK COJTbOBHI PO3YHH BUKOPHUCTOBYIOTH BiJ 25 % mo 40 % Hacu4yeHwmit
PO3UMH XJIOpUay MarHiro, Bix 25 % no 40 % HacuueHud pO34MH XJOPUAY HUHKY ado Bixm 25 % mo
40 % HacUYeHUN PO3YUH XJIOPUAY IHIIOTO METay.

25. Cnoci06 3a Oynp-sSiKMM 3 TIOMEPENHIX MyHKTIB, y SKOMY ISl ONEP:KaHHS OKCHIY MeTajy
BUKOPHUCTOBYIOTb CYJIb(aT MeTally.

26. Croci 3a Oyab-SKHM 3 MOMEPENHIX MYHKTIB, Y SKOMY CyJb(haT METaly MiIoal0Th TEPMIYHOMY
PO3KJIaIAaHHIO JJIsT OEP KAHHS OKCUIY METaly Ta JIOKCUAY CIPKH, TPHOKCHUIY ClpKu abo iX cymili.
27. Crnocib 3a m. 25 abo 26, y SKOMy OKCHJ MeTajly BUOHUPAIOTH 13 TPYIH, SKa BKJIKOYAE OKCHI
MArHi0, OKCHUJ [IMHKY, OKCHJI 3aJ113a Ta OKCH]I AJTFOMIHIFO.

28. Crnoci0 3a m. 26, y SIKOMy JIOKCHJ ClPKH, TPHOKCHJ CIpKH a0 IX CyMIIl BUKOPUCTOBYIOTH IS
ONIEpKaHHS CIpUaHOi KHUCIIOTH, SIKy, V CBOKO HEpry, MOBEPTAOTh Yy MpPOLEC BWJIYTOBYBAHHS JIS
pereHepaiiii XJIOpUCTOBOIHEBOI KUCJIOTH.

29. Cnoci6 3a Oyap-sKUM 3 TONEpPEeNHIX MYHKTIB, V SIKOMy METaJl BHUJYTOBYIOTh 3 PyOU TPU
TEeMIeparypi BiA KIMHATHOI TEMIIEPATypH A0 TEMIEPATyPH KUIIHHS PO3UYUHY XJIOPHUIY METaly AJs
BUJTyTOBYBAHHSI.

30. Cmoci6 3a Oynb-sSIKMM 3 TIOMEPENHIX MyHKTIB, y SIKOMY JAOMIIIKH 3ai3a 1/ado 1HII 3aJUIIKOBI
JOMIIIKH, L0 YTBOPIOIOTBCS MICHs CONMOOLM3anli pyau, YacTKOBO a0O TMOBHICTIO BHAAJSIIOTH 13
PO3YHHY JUIsl BUJTYTOBYBaHHSL.

31. Croci6 3a m. 30, y sKOMy TOMIIIIKH 3aj1i3a 1/a00 1HIII 3aJUIIKOBI TOMIIIKH BUAAJISIOTH METOAOM
€KCTPaKLil PO3YMHHUKOM 3 HACTYITHHUM i POT1 APOITI30M.

32. Cooci6 3a m. 30, y skOMy OOMIIIKH 3aji3a 1/ad0 iHIN 3aJMIIKOBI JOMIIIKH BHIAISIFOTH
T1pOITiI3OM.

33. Cnoci6 3a Oynp-sIKHM 3 TIOMEPEAHIX MYHKTIB, y SKOMY KOHLEHTpauis Clp4aHoi KHCJIOTH

CTaHOBUTH npuHaiimHi 30 %.



MepenymoBu CTBOPEHHS BUHAXOAY

JaHuin BuHaxig cTocyeTbcs crnocoby o6pobku COMbOBUM PO3UMHOM Xnopupay, npu SkoMy BiaGyBaeTbes
HakonuyeHHa abo pereHepauis COMAHOT KUCNOTW, Ta cnocoBy BUNYroByBaHHA MeTaniBs 3 pyau XINOpPUZHUM
PO34YUHOM. Cnoci® € EKOHOMIYHUM | MPUAHATHUM 3 €KOJOrYHOT TOUKU 30pYy TAPOMETanypritHUM npouecoM Ans
BUAOOYBAHHA LiHHUX MeTaniB 3 pyd abo KOHUeHTpaTiB.

Bigome BUKOPUCTAHHA BIAHOCHO KOHLEHTPOBAHUX COMbOBUX XNOPUAHUX PO3YUHIB AK cepefoBuwla ans
BUNYroByBaHHA HeGnaropoaHUx meTanis, OAUH 3 OCTaHHIX BapiaHTiB BKMoUae cnoci6 rigpasnivyHoro suaobysaHHSA
Migi OyTOoKymny, onucaHuMin y pagi nateHTis, Takux ak WO 2003/35916, WP 2003/89675 Ta iH. Bigomo, wo
XNOPUAHI CONbOBI PO3YMHU BUCOKOT iIOHHOT CUNM B OCHOBHOMY 3abe3nevytoTb Oinbll WBKUAKICHE i Binblue noBHe
BUNYrOBYBaHHA B MOPIBHAHHI 3i 3BUYaWHMM BIQHOCHO poO3BeAeHUM cynbdaTHUM cepegosuwem. OpHak
BUAOOYBAHHA PO3YMHEHUX LHHUX MaTepianiB 3 TakMx CONbOBUX PO3YUHIB SABMRSE COBO0 TPYAOMICTKMIA npouec i
BUKITIOYAE CTAaHOAAPTHY €NeKTPONiTUUIHY 00poBKy.

MpoTarom GaraTbOX pPoKiB AOCNIAKEHHA B BaratboX ycTaHoBax O6ynu CnpsiMOBaHi HA 3aCTOCYBAHHS CONSIHOT
KMCNOTK (XNOPUAHOTO CepenoBulla) Ans BUIYrOBYBaHHA HIKEMIO 3 NaTepPUTHUX pya, Hacamnepeq, cnia sragatu
po6oTu B Uil ranysi, nposeaeHi B yHiBepcuteTi im. H.M. Paiica B m. Niac (N.M. Rice of Leeds University (aus.
Rice, 1989). Mpu 06pobui 060x TUNiB pyau, TUNOBOTO cumikaTty (CEPNEHTUHY) | OKCMAHOT pyaun (NiMOHIT abo o3epHa
pyaa), crocrepiranuMca onTuMarnbHi KIHETUYHI napamMeTpu, WO CBiAYMNO MpPO MOXMUBICTL 3acCTOCYBaHHSA
3a3Ha4YeHOT CUCTEMU ANA BUIYrOBYBAHHA UiHHUX MeTanie, TakuX sIK HiKenb, 3 pagy Marepianis Tuny naTepuris.
Ocobnueuii iHTepec aBnsie wWBMaKa KiHetuka (1 ro) BUNYroByBaHHsSI NpKU BUCOKIK TeMmnepatypi, 3BudaiHo GinbLue
80°C, B 4 M posuunHi consAHol kucnoTu. Byna pospoGneHa koHuentyanbHa cxema (Rice i Strong, 1974) 3
BUKOPUCTAHHAM BUNYrOBYBAHHS CONSIHOK KUCNOTOK Ana comnobinizadil UyiHHUX koBanbTy Ta Hikento, ki noTiM
BUAANANN EKCTPaKUied PO3YMHHUKOM 3 HACTYMHUM TigponisoM i odep:KyBanu y BUrNAZI rigpokcuay Hiken (3
BUKOPUCTAHHAM MarHesii Ak HeWTpanisyt4oro areHrta), BianoBiaHO. OCHOBHUMU KOMMOHEHTaMU, SAKi BHOCATb
BKNag y CnoXuBaHHA JOPOroi CONAHOT KUCAOTU, € AOMILLKK, TaKi AK 3aniso Ta Mardin. Xnopua 3anisa suganstoTsb i3
PO34YMHY EKCTPAaKLie0 PO3YMHHUKOM i 06pOBKOI0 Ha CTaail BUNaniOBaHHS 3 PO3MUIEHHAM, NPU LbOMY YTBOPIOETLCA
CTiNKUA remMaTuT i pereHepyeTbCa COMNAHa KUCMOTa, sKka HanpasnsAeTbCa B PEUMPKYNAUIRHY CUCTEMY Ha cTagito
BWITYrOBYBaHHS. AHAMNOr4YHUM YUHOM, XIIOpUA MarHito 06pobnsAloTe Ha cTaaii BUNaniBaHHA 3 PO3NUMAEHHAM, NPy
UbOMY YTBOPIOETLCH MarHesist (AKy BUKOPUCTOBYIOTb SIK KOMEPUiRHUIA NOBGIYHMA NpoayKT i/abo BUKOPUCTOBYIOTE SIK
HENTPanIi3yl4MMIA areHT) i pereHepyeTbCa ConsAHa KUCnoTa (MOBEPTAETbCA B PEUUPKYNALIMHY CUCTEMY Ha CTagito
BUNYroBYBaHHS).

BcTaHoBneHo, wo npubnusHo 70% BCECBITHIX NPUPOAHMX 3anaciB HIiKeNn MICTUTbLCA B naTtepuTHIi pyai. Y
JaHWUi Yac TiNbKu npubnuaHo 40% HIKeno, AKUA BUNYCKAETLCS B NPOMUCIIOBOCTI, €KCTParytoTh i3 NaTepUTHUX pya,
i nepeabavactbed, Wwo Ao 2012 p ug BenuurHa 3pocte npubnusHo Ao 50% (pospaxyHku Dalvi Ta iH., 2004). Takum
YMHOM Y AaHWIA Yac iCHye HeoOXiaHICTL y po3pobui HOBOro npouecy ans BuAoOyBaHHS Hikenio Ta kobanbTy 3
NaTepuUTHUMX POAOBULL, SKi XapakTepUsyTbCs 3HAYHO BiNbLU HU3LKUMU eKcrnnyaTauiiHUMK XapakTepucTukamu i
Hacamnepepq GinblU HU3bKUMU KaniTanbHAMKU BUTPATAMU B MOPIBHSAHHI i3 Cy4aCHUMU TexHonoriamu. Binbw Toro, 3
ypaxyBaHHAM 3anaciB y MaibyTHbOMYy Ta pOCTy noTpebu B Hikeni npubnusHo Ha 4% (3anexHo Big pisHUX
dakTopiB) notpeba y BupoBHUUTBI Hikento 6yae ctaHoBuTi 40000-45000 TOHH Ha piK HiKeno, WO BUMYCKAETLCHA B
NPOMUCIOBOCTI, W6 3a80BoONbHUTM noTpebu (pospaxyHku Dalvi Ta iH., 2004). HaBiTb AKWO BUKOPUCTOBYBATU
JoJaTkoBy po3pobKy HOBUX mxKepen (3anaciB) HeBenuKMX CynbgigHUX poaoBULL, OCHOBHI NPOEKTU, LWO
nepeabavatoTb HOBI cnocobu po3pobku narepuTis (Taki AK MPOEKTU 3 KUCMOTHOTO BUNYTrOBYBAHHS MPU BUCOKOMY
Tucky Goro i Ravensthrope, HOBi nuBapHi nedi, Taki Ak nedi Koniambo, i HOBi cnocobu rigpomeTtanypriiHoi
cynedpinHoT 06p0o6ku, Taki Ak cnoci6 "Voisey's Bay"), BCi Ui cnocobu He 3MOXKYTb 3aA0BOMNLHUTU NOTpebu.

[eonoria Ta MiHepanoria

EkoHOMIUHiCTL 06po6KkiM naTtepuTy B 3HAYHIA MIipi 3anexuTb Big AKOCTI Ta cknagy obpobnioBaHol pyau.
JlaTepuTHi poooBULLA HIKEMIO BKMNIOYAIOTL ABA OCHOBHI WIApK (ropu3oHTK), TOBTO NIMOHITOBMIA (rigpaToBaHi okcMau
3anisa) noBepxHeBUN MaTepian (HU3bKUA BMICT HIKENIO Ta MarHito, BUCOKUI BMICT 3anisa) i 6inbw rmubokuin wap
canponitoBuid (rigpocunikat marHito) marepian (BUCOKMA BMICT HIKEMO Ta MarHilo, HU3bKMA BMICT 3anisa).
3asHauveHi wapu yTBOPHKTLCA NPU eposil BUXIAHOT CKENbHOT nNopoau, Aka y CBOK 4Yepry YTBOPHETLCA i3
3aKkpucTanisosaHoro posnnasy nopogu y dopmi miHepanis Fe-Mg-Si-O. BuxigHa ckenbHa nopoga mictute Ni
(~0<2%) i Co, TOMy LLIO Ui MeTanu MOXyTe 3aMiHaT Fe i Mg (ogHakoBa BaneHTHICTb | pagiyc iOHIB) y KpucTanivHin
rpaTui 3asHayeHUX cunikatie. MepBUHHI ceprneHTUHoBI MiHepanu, Mgs(Si2Os)(OH)s, yTBOpPIOKOTLCA 3 BUXigHOT
nopoaun B NpoUeci cepneHTuHIsauil npu niaBueHnX TemnepaTypi Ta TUCKY (Y NPUCYTHOCTI BOAU Nig MOBEPXHED
3emni). Lei npouec npuBoauTb A0 npupogHoro 36araveHHs Hikeno (<0,5% Ni). Sk cninbHWA nNpoaykT y
3a3Ha4YeHOMY NPOLECi cepneHTUHI3au il yTBOPIHOETLCA TaKOX MArHETUT, AKUA € KPIM OeAKAX BUXIAHWUX CKENbHUX
nopia (Takux sIK OniBiH), OCHOBHUM mxepenoMm Fe y npoueci eposii. Nareputusadia sinbyBaeTbcs, AKWO
NEPBUHHUIA CEPNEHTUH (BMICT SAKOrO 3anexuTb Bid CTYMNEHA CepneHTuHisauil) i acouiioBaHi 3anuwku BUXIQHOT
nopoaun (Hacamnepen miHepanu, Taki K ORniBiH) NiggatTbCa TpuBanii eposii, Hacamnepe y BOMOrMX TPOMIYHUX
perioHax (Tak HasuMBaHWMA npouec narepuTusadil) Ha noBepxHi 3emni abo B npunernux wapax. Y npoueci
nareputusauii Ni Ta Co KOHUeHTpYHTbCA B 3-30 pasiB y NOPIBHAHHI 3 BUXiAHOK Nopoaoto. MNpouec nateputusauit
€ AWHAMIYHUM, a TNUOUHHUIA PO3pi3 B OCHOBHOMY SAIBMSIE COBOI0 MOMEHTAaNbHUIA 3HIMOK, NMPUYOMY B CaMOMy
HUKHbOMY LLIAPI 3HAXOAUTLCA MOPIBHAHO HEAABHO 3MiHeHa nopoaa, To6TO noBepxHeBa BoAa (3aKUCIIOETLCS NPU
po34uHeHHi CO2 i opraHiuHuX KUCNOT) po3unHsie i sunyrosye Ni, Mg, Si, Fe (y surnaai Fe?*) i Al (o6 3HU3uTU
PYXIUBICTL), Y Mipy TOr0, SIK BOAA NPOCOUYETLCA Yepe3 rMUBUHHUIA po3pi3. Y noBepxHEBUX LIApaX 3ani3o LWBUAKO
OKMCHIOETLCA i OCapXKyeTbCa Y BUrnaai amopdHoro rigpokeuay sanisa (I11), npu UbOMy B L0 CTPYKTYPY CRIiMbHO
apcopbyetbea Ni (3BuyaiiHo 1,5% Ni) | npakTuyuHo secb Co:

Fez+(TB.)+2H20+02+(Ni,CO)Z+(Bo,qH.)—)
—(Fe3*,Ni,Co)O(OH) - nH20as)y+02+H20 * (1)
(NMUMOHIT)

* - 3a3HaveHu nNpouec € HEPIBHOBAXKHOK peakuicto, Wo CBigYUTbL MPO CKNagHOCTI Npouecy ocagXeHHsa B



npupoai. Fe2* BUNYroByeThCA Ta PO3UUHAETLCA B OKUCHIOBANbHUX YMOBAX 3 000X TUMIB OKCUAIB 3ani3a, Takux K
MarHeTut, marremit i T.n., i cunikatn Mg(Fe), Taki Ak OniBiH i opTonipoKceH. TBepaa peqoBUHA, SIKA 3HOBY
yTBOpMUNAacs (3a3HavyeHa npasopy4) NO BCiA iIMOBIPHOCTI BKMNto4Yae ocamkeHuid rigpokcna 3aniza (Fe(OH)s) y
BUMNAAI NPOMIKHOT hasu.

3rogoM KpucTanivyHiCTb maTtepiany noninwyeTbCa W YTBOPKETLCA nepwa opma retuty (OCHOBHUIA
KOMMOHEHT OKCUAHUX BigKMageHb) i MOCTYNOBO MEPETBOPIOETHCA (3 BEPXHIX WAapiB A0 HUXHIX) Yy HalbinbL
ctabineHy npupogHy hopmMy, TO6TO B remaTtuT. Y KpUCTaniyHiin rpaTyi reMaTuTy y BONMOTOMY B OKUCHIOBANbHOMY
Ni-natepuTHOMY HaBKOMULLHLOMY CepefoBULL He MOXYTb HakonudysaTuca Ni i Co, Npu LbOMY 3HUXKYETLCA NOro
AKICTb | YTBOPIOETLCS BEPXHSA KOpa, Tak HasuBaHuii hepukpeT (Wwap, AKUiA NepumMM BUAANAETLCA Npu po3pobui
nateputHuX BiaknaaeHb). Baxnueo BiasHaunMTu, wo Ni i Hacamnepen Co TaKoXK y 3HAYHIA Mipi agcopbyoThesa
MiHepanamu okcugis/rigpokcuais Mn (B OCHOBHOMY YTBOPIOIOTLCA Y hopMi »xun a6o noBepxHeBuUX BigknaaeHb Ha
iHWKX MiHepanax). PogoeuLle Goro y Hosiit KanegoHii Ta pogosuile Moa Bay Ha Ky6i € npuknagamu BigknageHs,
SIKi B OCHOBHOMY BKIHOYAIOTb 3a3HAYEHUIA TUN NIUMOHITOBOT 30HU B IMMBMHHOMY PO3pi3i.

MHOXUHA NUMOHITOBUX POAOBULL, YTBOPKETHCA, KONU HAgNULWIKOBUA BiNbHWUW KpPemHid (y cknagi BuxigHoT
nopoaun) NOBTOPHO OCAQKYETLCA MICNA WOro BUNYropyBaHHA 3 MQ-CUNiKaTHOT CTPYKTYPU (CEPMEHTKUH, ONIBIH i T.N.)
y BUIMAAI MIKPOKPUCTAMNIMHOIO XanueaoHOBOro KBapuy. 3BMUaiiHO 3asHaveHi npouecu BiabyBarOTbCA 3a paxyHOK
3MiH Eh i/fa6o pH y rmubuHHomMy po3pisi. MikpokpuctaniyHuin xanueaoHoBUiA kBapy y 6inbLUOCTi BUNaakis NOBTOPHO
KpucTanisyetbC B Ginblu KpucTaniuyHy a3y ksapuy, Npu UbOMY YTBOPIOWOTLCA BiNbHI iHAMBIAYaNbHI YaCTUHKK
KBapuy Big Manoro Ao BENUKOro posmipy (Npuknagamu pyau Takoro Tuny € cunikatHi poaosuwia Ravensthorpe i
Jacaré, To6T0 pyau Takoro Tuny nigaarotbca 36aradeHH0 3 BUKOPUCTAHHAM PISUUHOrO BMAANEHHS BENUKUX
YaCTUHOK KBapuy).

Y 6inbw M'akux ymoBax eposil, Hanpuknag, B ymosax 6inbll cyxoro abo XonogHoro kniMaty, abo B ymoBax
0BOMEXEHOro pyxy IpyHTOBUX BOA (MOraHvMin ApeHax), CTYMiHb BUIYrOBYBAaHHSI 3HMKYETbCA W i3 KpuctanivyHol
CTPYKTYPU CEPMNEHTUHY Ta OSiBIHY B OCHOBHOMY BUSTYrOBYETLCA MarHin. Y pesynbTaTi CNoCTEPIraeTbCa 0gHOYacHe
36arayeHHs iHWMX MEeHL PYXNUBMX KOMMNOHEHTIB MiHepanis, Hanpuknaa, Fe i Si, WwWo npuBoanTL 4O NEPETBOPEHHS
MEePBUHHUX CEPMNEHTUHY Ta OMIBIHY B CMEKTWUYHI FMUHU. Fe2* TakoK € MEeHLI PyxXoMuM, HiK Mg2* | TakuM YUHOM
3amiwyye Mg y KpUCTanivHiid CTPYKTYPI CMEKTUYHOT TFIMHU, SIKa 3HOBY YTBOPIOETLCA. TakKUM YMHOM 3a3HaYeHi rMuHU
Mg, Fe pospisHAOTLCA 3a cknagoMm Big 36araveHux marHiem cenionitis oo 36aravyeHux 3anis3om HOHTPOHITIB.
Moknagu rUHA (AKWO BOHU MPUCYTHI) 3BUYMANHO 3HAXOOATLCA MiXK FMIMUMOHITOBOK i CanposiTOBOK 30HaMM.
MiHepanu cmekTu4HOT rmuHK Takox dpikcytoTe Ni (Binbwe 1,5% Ni) y kpucTanivHiii rpatui, Ae Hikenb 3aMillac ioHu
Fe?*i Mg?*y MiDKLIAPOBUX MOMOMEHHAX. [NA YTBOPEHHA CMEKTUYHOT FUHW NOTPIGEeH AOCTYN A0 KPEMHI0, AKAN €
NPUCYTHIM Yy BUrAAAI BKMAOYMEHb MIKPOKPUCTANIYHOMO XanueaoHOBOro Keapuy B [MuWHI. Tpuknagom Takoro
poaosuwa € noknaau Murrin, siki MiCTATb Y TMUOGUHHOMY PO3pi3i nepemekoBaHi CMEKTUYHI 30HU.

HesanexHo Big NPUCYTHOCTI abo BiACYTHOCTI WIapy CMeKTUYHOT rmuHK 3anuwkosi Ni, Mg, Fe i Si nepexoaatb y
PO3YUH. Y MIpY 3HUXKEHHA PIiBHA 'PYHTOBUX BOA X PH 3pocCTae 3a paxyHOK peakuiidi 3 HEBUBITPEHUM CKEMbHUM
rpyHtom. Mo6nusy natepuTHOT MaTepukoBOT CKenbHOT NOpoau 3i 3MIHEHOIO MOBEPXHEH NOAiINy YTBOPIOTLCSA
36araveHi Hikenem (6inbwe 20% Ni) riapatoBaHi Mg-cunikaTHi MiHepanu (Bigomi sk rapHiepuTu). Hikenb nOBTOPHO
ocamkyeTbea npu 6inbL Ny>kHUX pH y NOPIBHAHHI 3 MarHieM, Wo NpMBoaUTL A0 36araveHHs Hikenem Mg-cunikaris,
y pesynbTaTi YyTBOPIOTLCA Tak Ha3uBaHi rapHieputu (36araveHi Hikenem rigpatosaHni Mg-cunikaTtu). FapHiepuTu
HaNNOLUMPEHILW B TEKTOHIYHO aKTUBHUX LUApax, Takux gk Hoea KanefoHis, i piglie 3ycTpivatoTbCa B KPaTOHHUX
perioHax, Takux ik Bpasunia abo 3axiaHa AscTpanis. BMiCT Hikento y BUXIOHIA CKenbHilk nopoai (FpyHTI) y 3HAYHIA
Mipi BU3HA4Yae BMICT HIiKENiO B NaTepuTHUX pyaax, WO YTBOPHOWTbLCA. MK MaTtepukoBum rpyHToM abo Lwapom
rapHiepuTy (AKLWO BiH NPUCYTHINA) i LLApPOM NIMMOHITY aB0 rMUHKM (AKLLO BiH MPUCYTHIN) PO3TALUOBYETLCA NepexigHa
30HA, AKa MICTUTb 3HAYHO 3MIHEHUIA MarHin-CcUnikaTHUA mMartepian, HasMBaHMA CanponiTOBOIO 30HOW, TOOBTO
MICTUTL MiHepanu inocunikaTHOT rpynnu, sKi YyTBOPIOKOTLCA 3 NEPBUHHOMO CEPMEHTUHY Ta BUXIAHOT CKENbHOT
nopoaun. pu eposii HeCeprneHTUHI3OBaHOT BUXIAHOT MOPOAU MOXKE TaKoX YTBOPUTUCA MIKPOKPUCTAMIYHUA
XanueaoHOBUIA KBapL, WO 3anarac B HaWGiNbL MPOHUKHUX FrEONOTYHUX CTPYKTYPaX, TakMX K 30HU MONEPEYHOro
3CyBYy, posnamu, xunuM i TpiwmHu. 3 vacom Fe i, Hacamnepen, Ni (3BuyanHo 2-3% Ni) samiwarwte Mg 3
YTBOPEHHAM BTOPUHHUX “"3MiHEHUX" cCepneHTuHIB. Hanpuknag,

Mgs(SiZOS)(OH)4(TB.)+O,3Ni2+(so,qH.)—> )
—(Mg2.7,Nio.3)(Si205)(OH)4(rs.)+0.3Mg?* s0an.)

LLo6 3pywmTi piBHOBary peakuii Bnpaeo, HeoOXiAHO, WO6 KOHUEHTpaUisa HIKENO B NMPOHUKAIOYUX I'PYHTOBUX
Bogax 6yna HeHabaraTo Buwle, HiX y TBepaii dasi.

Hikenb noynHae 3amMiHOBaTK MarHiin nepeBa)kHO B AiNsHKax 6inbl crnabkux 3B'A3KiB y CTPYKTYPi CEPNEHTUHY,
T06TO B NoNo)keHHi OH-3B'A3KiB TeTpaeapuYHOT CTPYKTYpU (Tak Ha3uBaHuit wap 6pyuuTy).

|, HapewrTi, y pesynbTaTi HepiBHOMIPHOT eposil (y po3pisi) natepuTHOrO ropuM3OHTY, a TaKOoX 3a pPaxyHOK
HepiBHOMIPHOT pO3poBKM OKPEMI 3pasku pyau, Hanpuknag, canponit, MOXyTb MICTUTU Pi3Hi KiNMbKOCTI iHWIMX pya,
Hanpuknag, NUMOHIT i/abo rnuHy. TakuM YAHOM, pyda SIK CUPOBMHA XapakTEepPU3YETbCA HAA3BUYAWHO MIHIUBUM
MiHEpanoriYHUm CKNagom i 3B'A3aHUMU 3 HUM XapakTePUCTUKAMK nepepobKu.

OCHOBHI A)Xepena narepuTHOro HIiKEMO B YCbOMY CBITi MICTATb pyAuU NUMOHITOBOMO TUMY A Y MEHLLOMY CTYMEHI
pyau canponitosoro Tuny (Monhemius, 1987 i Elias, 2002).

ICHyIOMI npouecu

Cnig 3HOBY 3as3HauWuTv, WO npu nepepobui HikenesoT pyau BUCOKOT AKOCTI HaWbinbll AOUINLHOK €
€KOHOMIYHICTb OByAb-sKOro BUKOPUCTOBYBAHOIO npouecy. Baxnueow cragicd nepepobku no MOXKMUBOCTI €
36araveHHs. Ha »xanb o6uasa Tvnu pya, MUMOHIT | CanponiT i3 TpyaHowamu nigaaTbes 3baraveHHio, Tomy wo Ni
FrOMOr€HHO 3MillaHUn 3 MiHepanamu reTUTOM | MarHiem-cunikaTtomM, BiANOBIAHO. ICHye NeBHa MOXMUBICTb
36arayeHHs, ane TiNbKW AKWO NPUCYTHIA KpynHUiA 6e3pyaHuil matepian. BiaciBaHHA Takoro KpynHoro martepiany
MOXKITMBE TiMNbKU, AKLLO BiH XapakTepu3yeTbCa HU3bKUM BMICTOM Ni, Takoro sik KpynHuit ksapy, marHesut (MgCOs) i
cunikaTt marHito i T.n.

Mpouec nnasneHHa (dir. 1)



Ha ®ir. 1 nokasaHa cxema nepepobku canponity MeToaoM nnaeneHHs. Pyaa mictute 20-50% BinbHOT Boau i
HacTynHuMm BigHOBNeHHAM Ni i Fe go mertanis y nevi B cymiwi 3 kokcom abo syrinnam. Mg, Si i T.n. yTBOpIOIOTb
wnak, LWo A[o3Bonse Buaanutu pigkuii  posnnasneHuid cnnaB  Ni-Fe. TloTim noTpiBHe padpiHyBaHHSA
(NnepennaBnsaHHA) ANA BUAANEHHS 3anuwkoBux S, C i Si: npu JoaaBaHHI BanHa yTBOPIOETLCA Wnak CasS, a npu
OKWCHIOBAHHI MoBiTPAM BiabyBaeTbCa nepeTBopeHHsa C Ha rasonodibHuit CO i Si B OKCUMAHWA LWMaK. SAKLWO
O4EPKYIOTh (PEPO-HIKENDb, TO HE3HAUHY KifbKICTE Fe OKUCHIOWTL Y LUnakK, TOMY Lo pepo-Hikens BUKOPUCTOBYIOTh
Ans BUpoBHUUTBA HepkaBitouoT ctani. Mpu BUKOPUCTaHHI cnocoby BUpoGHUUTBA WUTERHY NOTpiGHe AogaBaHHA Sy
niy gns BMNanioBaHHS Yy BiAHOBMOBaNbHUX ymosax. Mpu ubomy BiabyBaeTbcs B3aemogia 3 metanesum Ni i
(HeBaxkaHa) B3aemogisa 3 Fe 3 yTBopeHHsAM cynbdiais. 3azHaueHuin matepian noTim NNaensATe, NPU UbOMY OKCUAU
YTBOPIOKOTL LAk, a cynbdian YTBOPIOKWTL LWTEAH. HapewrTi, 4yepes KOHBEPTOP MPOAYyBalTb MNOBITPA AN
OKUCHIOBAHHSA OCHOBHOT KinbkocTi Fe ao wnaky. OcobnueocTi cnocoby:

- TeMneparypa nnasfeHHS WNaky 3anexutb Big SiO2/MgO i FeO;

- | MiIHNMUBICTb pyaKM 3a cknagom HeobxigHO ycepeaHtoBaTtu, Wo6 3abesnedvyBaTi 3a3HaYeEHy SKICTb UiNbOBOT
CUpoBUHKM (Po3pobka il ycepeaHeHHa pyau 36inblIyloTh BUTPATH);

- €KOHOMIYHI rpaHUYHI MOKA3HUKU AKOCTI PYAHOT CUPOBMHU ANS NPOEKTiB "kKopuvHesBoro nons" (GpayHding -
PEKOHCTPYKUiA CcTapux NignpuemMcTB) 3 HU3bKOK BAPTICTIO CTaHOBNATbL npubnuaHo 1,7% Ni, a gna npoexris
"KOPUYHEBOrO nonsi" 3 BMCOKOI BapTicTio npubnusHo 2,1% Ni (Dalvi ta iH.,, 2004), To6TO npouec oBMmexye
NOKasHUKN MaTepianis, AKi MOXXHa BUKOPUCTOBYBATU SK LiNbOBY pyay;

- 0O HeJjonikiB npouecy NNasfeHHA BiQHOCATLCA BUCOKI KaniTanoBKNAAEHHA W €HEPreTUdYHi BUTpaTKH, OTXKe
€KOHOMIYHICTb NPOLIECY B 3HAUHIN Mipi 3anexuTb Big perioHanbHUX LiH Ha eHepropecypcu;

- xoua BuaobysaHHsa Ni € gocute BUCOKUM (~90%), Buxig Co Ak noBiuHoro npoaykty abo 3aHaaTo manuin abo
MOBHICTIO BIACYTHIN, MO-nepLue 3aBAAKM HU3BKOMY BMICTY CO y canponiToBux pygax i no-gpyre sa paxyHok
HU3bKOro BMAaoByBaHHA (~50%), (Dalvi Ta iH., 2004).

Mpouec KapoHa (@ir. 2)

CnoyaTky pyay BUCYLUYIOTb Y POTOPHIA nedi Ta BUNANOTbL Y BIAHOBHUX yMOBaXx (3BUYAWHO AK BigHOBHUK
BUKOPUCTOBYIOTb HadpToBe nanueo). Ni i Co cenekTUBHO BigHOBMIOOTLCA npu npubnuaHo 700°C po metanis
(npubnusHo 10% Fe 4acTkoBO BIAHOBMIOETLCSA). SAKLIO BMICT CUMIKATIB Y CUPOBUHI € MiABMLUEHUM (3@ paxyHOK
nepepobku BenUKOT KiNbKOCTI canponitoBoi pyau), To BiabyBaeTbCA MOBTOPHA KpuUcTanisauis dopcreputy
(amopdpHoro Mg-cunikaty) (Akui i3 TpyaHowamu BigHoBmnoeTbea npu 700°C) i npu ubomy BinbyBaeTbca
3axonneHHa Ni, TO6TO Hikenb He NigaacTbCA BMITYrOBYBAHHIO. AHAMNOMYHUM YMHOM GinblU BUCOKI TeMmnepartypu
BiAHOBSIEHHA N HAAMWLUKOBE BiAHOBMEHHA NPUBOAATL A0 MIABULLEHOT MOXIMBOCTI YTBOPEHHA Tyronnaskol ¢rasu
(Mpu BUNYroBYBAHHI B CUCTEMi amiak-kapboHaT amoHito), To6TO Mpouec 3BOAUTLCA A0 KIHETUKU 3anexxHO BiA
BuaoOyeaHHa Ni i Co. licna 0Xonoa)XeHHs1 CnnaB BMITYroBYIOTb B arMocdepi NoBITPa B OKUCHIOBANbHUX YMOBAX
(noBiTpsa) y po3uunHi amiak-kapBoHaT amoHito (pH~10). BunyxeHi Ni (Co) i Fe yTBOpPIOIOTL HAaA3BUMYANHO MiUHI
aMiHOKOMMNEKCHn B po3dunHi. loH 3anisa (Il) okucHwetbea ao 3anisa (Ill) i rigponisyetbca y Burnagi
KEenaTuHI3oBaHOro rigpokcuay 3anisa (Co cCninbHO OCagXkyeTbCA 3 TigpPOKCMAOM 3anisa W 3HavyHa 4vacTuHa He
nipaaeTbca BIAHOBMEHHID). icna po3dineHHa cucTtemMu piauHa-TBepaa pevyoBuHa, aeska Kinekicte Ni i Beck Co
0CaMKYIOTLCA Y BUMMAZI CynbdidiB y NPUCYTHOCTI rasonofibHoro HzS (Co € MeHLW po3YMHHAM Y NopiBHAHHI 3 Ni,
ane 3a paxyHok Bucokoro cniseigHoweHHs Ni:Co BiabyBaeTbca vacTtkoBe ocamkeHHs Ni). PoszuuH Ni (wo He
MicTUTbL CO) NOTIM BUMNAPIOIOTL 3 NAPO0, NPU LUbOMY YTBOPIOETLCA OCHOBHUIA kKapBoHaT Ni (Teepaa dasza) i COz i
amiak y rasonogi6Hiin dasi. CO2 i amiak pereHepyloTb ANA NOBTOPHOTO BUKOPUCTAHHA npu abcopbuii Boaoio 3
YTBOPEHHAM pPO3UMHY amiaky-kapBoHaTy amoHito. Kek kapBoHaTy Hikento abo BUMKOPUCTOBYIOTb SK KOMEPUiHUA
npoaykt, abo nigaatTb noganbuliii nepepobui 3 BUKOPUCTAHHSAM MHOMUHUM METOAIB KiHUeBoT o6pobku ans
BuaoOyesaHHa Ni 3 kapBoHaTie abo 3 po3uuHy. Ni i Co pereHepyloTb €KCTpaKUi€ld PO3YMHHUKOM abo OCHOBHUI
kapOoHaT BUMAMIOTL Y POTOPHIN nevi 3 yTBopeHHaM NiO (NpoayKT i3 HU3BKUM CTYMEHEM OYULLEHHS). B iHWomy
BapiaHTi KEK 3HOBY PO3YUHAIOTL Y PO3YUHI CyMnbaTy aMOHIt0 3 YTBOPEHHAM cynbdaTy HiKenb-aMOHito, AKUIA NOTiM
BiJHOBIIOIOTL 4O METANEBOTrO HiKENO B NPUCYTHOCTI rasonoaibHoro sogHio (aue. Monhemius, 1987).

OcobnueocTi npouecy:

- Xo4a uel cnoci® MO)KHa BUKOPUCTOBYBATWU ANSl NepepobKu BENMKOro Yucrna Aesikux TUMiB canposnitie (y
MOPIBHAHHI 3 METOAOM KUCIOTHOrO BUMYrOBYBAHHA MPWU BUCOKOMY TUCKY), NigBuweHWin Bmict Mg i cunikatHot
hopMU MiABULLYIOTL KINbKICTb POpCTEpPUTY, WO NPUBOAUTL A0 36iNbLUEHHS BTPAT HIKENIo;

- Xo4ya OCHOBHA KinbkicTb peareHTiB (amiak i CO2) HaAxXo4sATb Yy PeuupkynauiiHy cuctemy mnpouecy,
CrocTepiratoTbCA 3HAYHI BTpaTU (HacaMmnepen 3a paxyHOK BUNYroBYBaHHS MarHito, TO6TO yTBOpeHHs kapboHaTty
Mg-amMoOHito), KpiM TOro, NOTPIGHI AOMOMDKHI peareHTu Ans OA4epXKaHHA NPOoAYKTY 3 BIAHOCHO BUCOKUM CTYMEHEM
OYMLLEHHS;

- Oinbwe 60% cymapHOT CnoOXUBAHOT eHeprii BMKOPUCTOBYETLCS Ha MOMEpPeaHix cragiax npouecy
(BUCYLLYBaAHHA BOMNOroT pyauM Ta BigHOBHE BMMNAmOBAaHHA), Y TOM 4ac sIK Ha cragisx KiHueBoi o6pobku 3HOBY
BUKOPUCTOBYIOTLCA METOAM TiapoMeTanypriinHoi obpobku, To6TO NpouUec i3 eHepreTUYHOT TOYKU 30py € BKpai
HeePEKTUBHUM;

- thinbTpauia € HeePeKTUBHOO Y 3B'A3KY 3 XKENENoAiGHO NPUPOAOID 0OCAIXKEHOTO riapOKCUAY 3ani3a;

- HU3bKUA Buxia BuaobyBaHHA Ans 060X NpoueciB: NipoMeTanypriiHoro (YTBOpeHHsA dopcTeputy) i
rigpomeTanypriitHoro (cnisocamkeHHss Co i GNOKyBaHHS BUMNYroBaHUX YACTUHOK 3a pPaxyHOK ocamkeHHs Fe)
npouecis, 3aransHuii Buxig Ni ctaHoBuTHL NpubnusHo 75% i Co 50%.

He cnig ouikyBaTu, WO 3asHa4YeHy TEXHOMOT0 MOXHAa BUKOPUCTOBYBATU ANS po3poOBKM HOBUX MPOEKTIB y
3B'A3KY 3 HU3bKUM BMAOOYBAHHAM LUiHHUX METaniB i 3acTOCYBaHHSAM CUPOBUHU HU3LKOT SAKOCTI (NepeBadkHo
NUMOHITOBI pyau), KpiM TOro, 3asHadeHi npouecu BUMaratoTb BUCOKUX BUTPAT Ha eHeprito Ta peareHTu (aus. Dalvi
Ta iH., 2004)

[Mpouec KUCAIOTHOIO BUNYroByBaHHSA Npu BUCOKOMY TUCKY (HPAL) (Pir. 3)

Y metanyprii npoyec HPAL BBakaeTbCa BIAHOCHO NPOCTUM, HA MEpPLUIN cTagi’ BUKOPUCTOBYIOTb PO3KagaHHA
npu BUCOKI Temnepatypi Oinbwe 245°C. OpepykaHy CyCneH3il0 HEWTpani3ytoTb BAanHOM | OEKaHTYOTb Y
npoTuTeyii, NoTiM BUAANAIOTbL AOMILIKM N ocamkytoTb Ni i Co y Burnagi cynodpigis (H2S) abo riapokcuais (BanHo),
abo 6esnocepenHbo BUaoOyeatoTb Ni i Co ekcTpakuietd po3unMHHUKOM (cxema Goro). Heo6oB'aA3koBi noganblue



OUULLEHHS i PO3AINEHHS BKIOYAOTE MOBTOPHE PO3YUHEHHS (AKLLO MPU OCaOXKEHHI OEPXKYIOTb TBEPAY PEYOBUHY)
i OYULEHHS 3 BUKOPUCTAHHAM eKCTpakuil PO3YMHHUKOM abo CenekTUBHE ocamKeHHA. | HapewrTi, meTtan
pereHepyoTb enekTponiaom abo BIAHOBMEHHAM BogHeM, abo OKCUA HIKENIO OAEPXKYIOTb i3 BUKOPUCTAHHAM
niporiaponizy (xnopuau BUKOPUCTOBYIOTbL y Burnagi SX a6o IX, Ha BiamiHy Big xnopuais ana npouecy
BUNYroBYBaHHS).

OcobnueocTi npouecy:

- uen cnoci® Mo)kHa BUKOPUCTOBYBATU AN BEMNUKOTO YUCNa TUMIB pyau B MOPIBHAHHI 3i cnoco6oM nnaBneHHs
3aBAAKN BKIOYEHHIO MAMOHITOBOrO METOAY (3anacu NUMOHITOBOT pyAu BABIYI NEpeBULLYIOTL 3anacu canponitoBol
pyau), ane npouec y 3Ha4yHil Mipi 3anexuTb Bid BMICTY 3aranbHUX MOTAIMHAYIB KUCNOTU, TOOTO Al (i3 rmuHuM) i,
Hacamnepeq, Mg (<4%)

- BUCOKA KOpO3id, Hacamnepen, AKWo NpUCyTHI xrnopuaun (Coni y BoAi), KOPO3iHY CTINKICTb MOXHA NigBULLMTY
npu BUKOPUCTaHHI cnnasiB Ti BUCOKOT AKOCTI, WO NPUBOAUTL A0 36iNblUEHHA BAPTOCTI Npouecy;

- BMCOKI KaniTanoBKNageHHA 3a paxyHOK 3acTOCYyBaHHA YCTaATKyBaHHA nig TUCKOM i BignosigHUMK
KOHCTPYKUiAHUMKU mMaTepianamu;

- BUTPATM Ha peareHT € HaA3BUYAWHO BUCOKUMU Y 3B'A3KY 3 nornuHadamu kucrnotu (Mg, Al) i HeobxigHicTio
nigTpUMyBaTu piBeHb KUCNOTM (3a pPaxXyHOK YTBOpeHHsa OicynbdpartiB), a TakoX Yy 3B'A3KY 3 HeoOXigHicTio
HelTpanisayii BanHOM (3BM4YaiiHO noTpibHe gopaBaHHA 250-400 Kr/T KMCMOTU, A€ HUXKHA Mexa 3a3HadeHa aAnd
nepepobku NMMOHITOBOT pyAu 3 HU3bKUM BMICTOM MQ);

- npo6nemMy npu BUMKOPUCTAHHI aBTOKNABIB Yy 3B'A3KY 3 YTBOPEHHSAM Hakuny, WO MPUBOAUTE A0 MNPOCTOIB
yCTaTkyBaHHSA, HacaMmnepea npu nepepobui CUpoBUHK 3 NigBUWEHUM BMICTOM Mg i Al.

PospaxyHku (Dalvi Ta iH., 2004) nokasanu, WO eKOHOMIYHICTE cnocoby HPAL y 3HauHin Mmipi 3anexutb Big
SAKOCTi CUPOBMHU, TOGTO PO3PAXYHKOBA HUXHA MeEXa AAKOCTI CUPOBMHU AN HOBUX NPOEKTIB cTaHOBUTL 1,3% Ni, 6e3
ypaxyBaHHA KOMNEeHcauii 3a paxyHOK CepeaHbLOro CrnoXKMBaHHA KACNOTU (auB. npoekt Ambatory y Magarackapi)
a60 nNpu BUKOPUCTAHHI HARBNUKUUX Axkepen AeLweBol KUCNoTu (Hanpuknag, cragia nnaBneHHs cynbaiais).

Ha @ir. 4 inoctpyetbca HeedpeKTUBHICTE npouecy HPAL 3 ypaxyBaHHAM BWUKOPUCTOBYBAHUX PeareHTiB.
BcTaHOBNEHO, LLO OCHOBHOI NPUYUHOK CNOXUBAHHA KUCNOTU € Mg, NPpUYOMY YCYHYTH LIeid HEZOMIK MOXHA TiNbKK
3a paxyHoOK nepepotku pyaHOT CUPOBUHU 3 HU3LKUM BMICTOM Mg (pyaa numMoHiToBOro Tuny). Kpim toro, npubnusHo
MONOBUHA BApPTOCTi MOB'A3aHa 3 HEOOXiQHICTIO 3anNOBHIOBATU PiBEHb peareHTiB (Ans KomneHcauil yTBOPEHHs
GicynbcpaTie npu aaHiih Temnepartypi), Ski B AIRCHOCTI He BUKOPUCTOBYIOTLCA AN BUNYroByBaHHs). "dopgaTkoBy"
KUCNOTy NOTPIGHO TakoxK godaBaTu AN HelTpanisauil nicns BUMYroByBaHHS nig TUCKOM. YMM BULLA TYCTUHA
nynbnu (CycneHsil), TUM Yy MEHLIOMY CTyNeHi BUTPaATU Ha peareHTUu BNNMBAKOTb Ha abCOMOTHY BAapPTICTb
(BaprticTb/pyHTH Ni). OaHaK, iCHYe Mexa MaKCMManbHOT TYCTUHM NYMbMU Y 3B'A3KY 3 0GMEXeHHSAMU 3a B'A3KICTIO0.

AnbTepHaTUBHI NpoLecu 3 BUKOPUCTAHHAM cynbdaTis

Y paHuii 4yac y npOMUCIIOBOCTI iCHye TeHAeHUis po3pobku Ta npoekTyBaHHA edeKTUBHUX crnocobis
aTMocdepHoro sunyrosyeaHHa (ALP), Hacamnepen y 3B'A3KY 3i 3HUXKEHUMU KaniTanoBKNageHHAMU, a TakoxX And
nepepobku AK NMMOHITIB, Tak i canponitis. 3BUMYANHO NMUMOHITOBY pyay BUIYrOBYIOTbH MPU BUCOKIA 3aNMLLKOBIN
KOHUEeHTpauiT KUCIoTH, Y TOI Yac aK canponiToBy pyay (3 6inbll BUCOKOIO 34ATHICTIO A0 HeWTpanisauyii) noTiM
BUKOPUCTOBYIOTb ANA HeWTpanisauil 3anuuwkoBOi KUCNOTM W KUCNOTKW, WO YTBOPKETLCA Mpu rigponisi Fe.
Kom6iHauito npouecis HPAL i ALP Bukopuctanu ana po3pobku Tak HA3UBAHOrO Cnocoby KUCMOTHOTO
BUNYroByBaHHA nNpu nigsuweHomy Tucky (EPAL), akuil y gaHuin yac BUKOPUCTOBYIOTE Y NpoekTi Ravensthorpe y
3axigHin Asctpanii. Cxemu npouecis ALP i EPAL nokasaHi Ha ®ir. 5.

CyTHiCTb npouecis, npeactasneHux Ha Pir. 5, sanateHToBaHa ¢ipmoo AMAX B 1970 p. Y cnocobi AMAX
MPONOHYETLCA TAKOX BUMANOBAHHA AN YACTKOBOrO BiAHOBMEHHS CanponiToBOl pyau, TO6TO AN nigBuLWEHHS 1T
30aTHOCTI A0 HelTpanisauii, npu uboMy BiabyBaeTbca YacTkoBe BuaoByeaHHsa Ni. Y npoueci, onucaHomy Ha Pir. 5,
MO>HA BUKOPUCTOBYBATU PELMPKYNALiIK0 BYyAb-AKOTO HEBUMYXXEHOTO HIKEMIO i3 3anuKy (3 AKOro Bxe Buaobyra
OCHOBHa KinbkicTb Mg) y npouec HPAL (Monhemius, 1987).

OcobnuBocTi npouecy:

- aTMochepHe BUNYroBYBAHHA XapaKTEPU3YETbCA HU3bKOIK KIHETUKOMD, SKY, OOHAK, MOXHAa B 3HaA4Hid Mipi
KOMMEHCYBATWU HU3bKUMU KanitTanosknageHHsAMMU, TOOTO 3a paxyHOK BiAHOCHO aelleBoi TpuBanocTti o6pobku (y
NOPIBHAHHI i3 npouecom HPAL);

- HaBiTb fAKWO cuctema aTMOCEPHOro BUNYFOBYBAHHA € eIEeKTUBHOK npu BuaaneHHi Fe (y npoueci
HenTpanisadii/rigponisy canponity), BCe e CnOoCTepiralTbCa 3HaYHi BTPATW KUCNOTU 3a paxyHOK HaASIMLLKOBOro
BUNyrosysaHHa Mg (ogHak Ui BUTPaTU MOXHA 4aCTKOBO KOMNEHCYBATU 3a paxyHOK A0AAaTKOBOT eHeprii, oaep»KaHot
npu 4o4aTKOBOMY CMantOBaHHi CipKK, a TakoxX 3a paxyHOK AOAAaTKOBOrO 40Xo4y MpW Npoaaxi Hikeno);

- npouec EPAL XxapakTepusyeTbCAa BESIMKUMW €HepropuTpaTtaMu Ta BENMKUMU KaniTanoBknaaeHHAMU B
NOPIBHAHHI i3 npouecom HPAL,;

- MpU BUKOPUCTAHHI atMocdepHOoro cynb@aTHOro npouecy 3 HE3aMKHYTOK CUCTEMOK BUHUKAKOTbL 3HAYHI
npobnemn 3 ytunizayii MgSOs4, Hacamnepen y 3B'A3Ky 3 MOCTIAHO 3pOCTAOYMMU OBGMEXEHHAMU OXOPOHU
HaBKONULLHLOTO cepeaoBuLLa (HacaMmnepea npu nepepobui pyaHOT CUPOBMHK 3 BUCOKMM BMicToM Mg).

B uinomy npouec EPAL xapakrtepu3yeTbCa MiHIMansHUM pU3UKOM, TOMY WO Ha crtaail HPAL 3abesneuyetbea
BUCOKUIA BUXia ekctpakuii Ni Ta Co, i B TOW Xe 4ac YTBOPHKTLCA CTilKi 3anuwku Fe. Ctagia KMCROTHOro
BUNYTOBYBAHHA XapakTepuU3yeTbCa MiHIMANsHUMKU BUMOTAMKU AN HeATpanisauii 1 y Toi e vac 3abesnevyetbes
joaatkoe BuaoOyBaHHA Hikeno. OAHaK OCHOBHI Hegoniku UbOro  crnocofy nonaArawTb Y BUCOKUX
KanitanosknageHHax ta npobnemi 3 Mg. Mpu BUKOPUCTAHHI NpOUECY KUCMOTHOrO BUIYrOBYBAHHA B MOBHOMY
06ca3i B cynbaTHOMY cepeanoBuLLi NoTpiGHI HaA3BUYANHO arpecuBHi (CUNbHA KMCNOTA) YMOBM BUNYrOBYBAaHHS,
wo6 3abesneunTtun BUCOKUI Buxia ekctpakuii Ni Ta Co. Taki yMOBU y CBOIO Yepry BUKIUKAIOTb 3HAYHI OOGMEKEHHS
Ansa HelTpanizauil npu nepepobui canponiToBoro marepiany, WO NpUBOAMTL A0 3HAYHUX BTpAT CynbdartiB 3a
PaxyHOK MarHit0 B PO34YWHi Ta MOXMWUBO Y BUMMAAI APO3UTY B 3anULIKy. BUCOKE CNOXMBAHHA peareHTiB (AKWo
BiACYTHI AOCTYNHI gXepena AeLleBuX peareHTiB) | 0BMexeHHs 3 OXOPOHM HABKOJIMLIHLOTO CepeaoBMLLA 3BOAATL
A0 MiHIMYMY €KOHOMIUHICTb npouecy. 3 uiel npuuuHu 6ynu po3pobneHi anbTepHaTUBHI cnocobu AN BUPILLEHHS
npo6nem 3 Mg. B ogHomy 3 Takux cnocobis, 3anponoHoBaHux dipmoto American Climax Inc. (nonepegHs Ha3sa
Gipmn AMAX), BUKOPUCTOBYIOTb KpucTanisauio 6e3 ynapioBaHHs B asToknasi npu 190-250°C ans ocamKeHHs
cynedatis y Burnaai moHorigparis. OCKifbKM U Npouec BMMAarae BUKOPUCTAHHA [04aTKOBOro Tta AOPOroro



aBToknasa, 6yB 3anponoHosaHuit npouec SURAL (Sulzer, LWBeiiuapia, pereHepadia Wynbua 3 KUCROTHUM
BUITYTOBYBaHHAM), Y AKOMY BUKOPUCTOBYIOTb KpUCTamisauilo 3 ynaptoBaHHSAM, NMPU LbOMY OAEPXKYIOTb E€NCOMIT
(MgS04-7H20). 3asHaueHuin cynbcpar noTiv nigaawTe TEPMIYHOMY PO3KNAZaHHIO 3 YTBOPEHHAM SOz (AKWN
NepeTBOPIOIOTL Ha CipyaHy KACNOTY HA 3aBoAi 3 BUPOOHUUTBA KUCMOTU Ta HANPaBnsAOTb Y PeUUpKynauiiHy
cuctemy npouecy HPAL) i HeWTpanisyrouuin areHt, marHesiio (MgO), AkuiA HanpaBnalTb Y PeuupKynauiiHy
cuctemy npouecy (aue. Monhemius, 1987). HepasHO 3anateHToBaHuid pipmoto Skye Resources npouec
aTMOCIEPHOro KUCAOTHOMO BUYrOBYBAHHA NPAKTUYHO ioeHTUYHUIA npouecy SURAL 3a BUHATKOM TOrO, WO cTagia
NEePBUHHOrO BUNYrOBYBAHHA TaKOX € aTMocpepHoto. Kpim Toro, npouec dpipMu Skye xXapakTepusyeTbCsl MEHLU
rigpatoBaHo ¢opmMoto cynbchaTy marHito, To6T0 nicna craaii kpucranizadil 3 ynaploBaHHSAM YTBOPHOETLCS
cynbdart MarHilo i3 agsoma-Tpboma moriekynamu rigpatHoi sogun (aus. Hatch Feasibiliry Study, 2005). Mpouecu
SURAL/Skye nokasaHi Ha Pir. 6.

OcobnueocTi npouecy:

- 3aMiHa BUTPAT Ha peareHTU Ha BUTPATK HA eHeprilo/nanueo € edhekTUBHOW abo HeeheKTUBHOIO 3aneXHO Bia
PEeriony;

- KpucTtanisauis cynbaTy MarHito i3 4MCTOro po3yuHy cynbgaTy npu ynaploBaHHI BMMAarae 3HauvHUX
€HeproBuTpaT (BUCOKI eHEProBuTpaT NPU ynaproBaHHi), AKi NepeBULyOTh KiNbKICTb eHepril Ana nigTpumyBaHHSA
HOpPManbLHOro BoAHOro 6anaHcy (Wo mae 0cobnmBe 3HAYEHHS NpuU 36iNbLIEHHI BUMOT A0 SIKOCTi NEPBUHHOT pyaHOT
CUPOBUHMK).

HoBi nponosunuii npouecis 3 BUKOPUCTAHHAM XNOPUAHOrO cepeaosuLla

ATMOC(EpPHMIA NpoUec XNOPUAHO-KACIIOTHOIO BUIYrOBYBAHHA nokasaHui Ha ®ir. 6 (Tak HasuBaHW npouec
Jaguar, po3pobneHuii kaHaacbkoto ipmMol0 3 po3BigkM Ta po3pobku popgosuy Hikeno Jaguar Nickel Inc.). Len
npouec BKMYAae cTafilo aTMOCEpPHOro BUIYTrOBYBaHHA B PO3YUHI XIOPUCTOBOAHEBOT KUCMNOTU, AKUA MICTUTb
BMCOKMIA BuxigHuii piseHb MgClz. MepepBavaerbca, WO aKTUBHICTE NPOTOHY 3HAYHO MIABULLUYETHCA Npu
36inbLUEHHI KOHUEHTpaUji xnopuay MarHito y BuxigHomy posuuHi (aocnigxkeHHa cuctemu HCI-MgClz-H20 onucaHi B
cratTi Bates Ta iH., (1970), a Takox y ctatTi Jansz (1983)). BunyrosyBaHHs MOXHa NpoBOAMTU Y ABi cTagil, Ha
nepwwin craaii sunyrosytoTs Ni Ta CO y pO34nH, a Ha APYrin cTagdil KOHTPONIOWTL BuaaneHHa Fe. MpunyckatoTs,
Wwo gogaTkoBa nepesara rigponisy Fe i3 CoOnbOBOro pPoO34nMHy MONArae y HU3bKiA akTUBHOCTI BOAM B COSbOBUX
pPo34YMHax, WO NPUBOAUTL A0 NPUCKOPEHHA peakuil geriapatyBaHHs. Y MPUHUMNI reMaTtuT MOXe YTBOpPHBAaTUCA
npu armoccepHin TemnepaTtypi, B iHWOMY BUNaaKy (4ucta cynbdpartHa cucTema) noTpiGHO 3acToCyBaHHSA
aBTOKIaBa, €KCMNyaToBaHOro npu 3Ha4vyHo 6Ginbll BUCOKIA Temnepatypi. Micna BuaoGyBaHHA UiHHUX MeTanis
PO34MH ynapwowTe And 3abesneyeHHa BoAHOro GanaHcy Ta OAepXKaHUii COMbOBUIA PO3YMH XIOPUAY MarHito
HaAOXoAUTb Y PEeuupKynauiiHy cUCTemMy Ha CTagilo BUNYroyBaHHA. BigBigHuid (3 BunapHuka) pigkuiA noTik
nipaalTs niporigponisy (auB. peakuitd Ha dir. 7) i ogepXkyloTe MarHesilo (AKy 4acTKOBO HanpaensawTb y
PEUUPKYALIAHY CUCTEMY SIK BHYTPILLUHIA HEATpani3yio4unin areHt) i raszonogioHuin HCI. HCI noTim KOHAEHCYIOT |
HanpaenATb Y PELUUPKYNALIRHY CUCTEMY B PEAKTOP ANS aTMOCHEPHOTO BUMYrOBYBaHHS.

KoHuenuisa cuctemn Ana COnbOBOro BUMNYrOBYBAHHA FNATEPUTHOT pyau Ta pereHepauii OCHOBHOT KiNbKOCTI
KUCNOTW 3 BUKOPUCTAHHSM Miporiaponisy xmopuay marHito snepiwie 6yna sanponoHoBaHa Paiicom i CTpOHrom
(Rice and Strong, 1974), ki 3anponoHyBanu BUKOPUCTOBYBATM €KCTPAKLit0 PO3YMHHUKOM AN BuaaneHHs FeCls i3
cucTeMMn, NOTIM CTadild BUNany 3 pPO3NUAEHHAM ANA YTBOPEHHA CTIAKOro reMatuTy Ta Ana pereHepauii
eKBiBANEHTHOT KiNbKOCTI CONAHOT KMCMOTU. SAK CTBEPMKYETLCA, cnocib Jaguar BKMoYae eKOHOMIYHMIA nigxia ans
06pobkn aomiwok 3aniza. Cnoci® nNpoBoAsATbL NPU BUCOKIA BUXIQHIA KOHUeHTpauil coni (po3unH MgClo), wo
003BONAE 34iMCHIOBATK rigponis 3anisa nNpu KOHTPONbOBAHIA KUCNOTHOCTI npu 80-105°C. OgHak eKOHOMIiYHi
npo6neMu npouecy Jaguar CTalTb OYEBUAHUMU Yepe3 3HAUHY KiNbKICTb eHepril, 3aTpavyBaHol Npu ynaptoBaHHi
HagnWWKy BOAM 3 KOHUEHTPOBAHOIO PO3YMHY XNOpuAy MarHilo nepeg niporigponisoM i nicns HbOro, Aka He
NMOPIBHAHHA 3 EKOHOMIEK nNpu pereHepauil peareHTiB. Yum BULWE HAKICTL MAarHieBoro marepiany Aans
BUNYrOBYBaHHA, TUM BinbLUe BOAKU 3aTpavyeTbCs Ha cTaail niporigponisy B aGCONMOTHUX OAUHUUAX, TOBTO HA 1 kr
o6pobniosaHol pyau (aus. Pir. 8). Mpouec Jaguar WBUAKO CTae HeedeKTUBHUM 3 nornagy BOAHOro GanaHcy,
TOMY WO Npu HeobXiaHOCTI AoaaBaTy AOAATKOBY KiNbKiCTb BOAU B CUCTEMY AN NOTMUHAHHA GinblIOT KiNbKOCTI
MarHil0 3a3HaveHa KinbKiCTb 3HOBY yNapleTLCa B NPoUeci niporigponisy. AHanoriyHo npouecy Jaguar "HeraTusHuin
BMNAMB" HA BOAHWIA BanaHc, NoB'A3aHuiA 3 BUCOKUM BUXIAHUM BMICTOM MarHito B pyai, CNocTepiraeTbes it y npoueci
Skye, ane B MEHLIOMY CTyneHi (y UbOMY BUNaaky ansa 3anobiraHHa nepeayvacHoi kpuctanisauii cynbgaTy B iHWKNX
eneMeHTax CUCTEMU), ane 3a BMHATKOM TOro, WO aodaHa 'gopartkosa" Boga 6yae posnogineHa 3 BigHOCHOW
epeKTUBHICTIO B 6araTOKOPNyCHOMY BUMAPHUKY/KpUCTani3aTopi il Tinkku rigpaTtHa Boaa i3 cynbdaty marHito 6yae
BMAUBATW HA BUCOKOTEMMEpPATYPHY (AOPOry) CTagito TEPMIYHOro posknagaHHa. Yum Hux4e CTyNiHb rigpaTyBaHHSA
cynbdaty MarHito, WO YTBOPKETLCHA, TUM Y MEHLUOMY CTYMEHi BMICT MarHil0 B CUPOBMHI BNAMBAE Ha CTYMiHb
ynaptoBaHHSA Ha BUCOKOTeMNeEpaTypHii cTaaii pereHepadii peareHty (aue. dir. 8). Hum KpyTiwe KpuBa 3anexHoCTi
(Ha @ir. 8), TUM y MEHWOMY CTyneHi aoaatkoeo BuAoGyTUI Hikenb (Mpu nepepobui canponitoBol pyau BUCOKOT
aKocTi) 6yae nigsuulyBaTU BApTICTb YNApOBaHHA BOAU B NPOLEC BUCOKOTEMNEPATYPHOT pereHepadil peareHty.

PereHepauia Tenna Takox € HU3bKOe(EeKTUBHUM NPOLECOM i YCKNaaHIOETLCA B peakTopax ana niporigponisy
(Steinbach and Baerhold, 2002 i Adham and Lee, 2002). ¥ uboMy npoueci noTpiGHi pigki matepianu, ToMy WO
XIMOPUCTOBOAHEBA KUCNOTA KOHAEHCYETHCA Y BUNAPHUKY 3 HAIPIBAHHAM TEMMOM, LLO BiAXOAUTL, MPU TENNOOBMIHI.
B iHWOMY BapiaHTi, AKWO XNOPUCTOBOAHEBY KUCIOTY BMAANAIOTL HA NEpPLWiin cTagil, TO CnocTepiralTbCa BTpaTU
Tenna ana peredHepadii. [HWKA BaxknusuiA pakTop nongarae y ToMy, WO AeAKi AOMILLKA, Taki AK XNopuaun kanbuilo
Ta HaTpilo He nigaalTbesa Miporiaponisy W BiANOBIAHY €KBIBANEHTHY KiNbKICTb XMOPUAIB NOTPIGHO 3aMiHATU Ha
Jopori goaaTtkoBi XNOPUCTOBOAHEBY KUCRoTy abo xnopua marHio. Cnig Takox BpaxoByBaTu, WO 3aranbHa
edheKTUBHICTL peakuii niporigponisy 3Ha4vHo Hikde 100%.

OcobnuBOCTI NpoLecy i3 3aMKHYTOK CUCTEMOIO Ta 3 BUKOPUCTAHHAM Miporigponisy (npouec Jaguar):

- niporigponis € AouinbHUM NpWU BIGHOCHO HU3LKUX Temnepatypax (~500°C), ane pereHepauia Tenna
yTpyaHeHa (BMCOKi KaniTanoBKknaaeHHs) i BigHOCHO HeeheKTUBHA,

- npouec Jaguar ctae HeeKOHOMIYHUM Npu nepepobKu NaTepUTHUX pya 3 BUCOKUM BMICTOM MarHito, To6T0
3a3Ha4YeHuit NPoLEC NPU3HAYEHUA TiNbKK AN nepepobku NUMOHITOBUX pya;

- DOMIWIKK, Taki AK kanbUjil i HaTpii, He niggatwTbCa niporigponisy W BUHWUKAE HEOOXIAHICTL y 3aMiHi
eKBiBANEHTHOT KINbKOCTI XNopuais Ha 4OpOri A0AATKOBI XNOPUCTOBOAHEBY KUCNOTY abo Xropua marHito.



Mpouec Jaguar He 3a6e3neuvye NOrMUHAHHA 3HAYHUX KINBKOCTER MAarHito it TOMY € HEKOHKYPEHTHO34aTHUM Y
BiAHOLUEHHI WMPOKO PO3NOBCIOIXKEHUX aTMOCHIEPHUX NPOLIECIB 3 BUKOPUCTAHHAM CynbdiatiB, Takux gk npouec
Skye. TMopiBHAHO HepaBHO 6yB 3anponoHoBaHWW XmopuaHui npouec (Myes Ta iH., 2005), npusHayeHuid ans
BUKITIOUEHHS niporigponidy, To6To Ans pereHepauil XnopucToBoaHEBOT KUCMOTU 3a PAXyHOK O0CaMXKeHHs cynbdaris
CipyaHoOl KUCNoTOoW (XiMiYHaA peakuia npeactasneHa Ha ®ir. 9). MNpuHUUN 3asHa4YeHoro npouecy nonsrae y
BUKOPUCTaHHI XiMIYHOT 0CaaKkoBOT KpucTanisauii AeleBOol0 CipvaHOK KUCNOTOK 3 METOK pereHepadii aoporoi
XIOPUCTOBOAHEBOT KACAOTM Ha BiAMIHY Big niporigponisy. ¥ npoueci InteCc BUKOPUCTOBYIOTE NEPETBOPEHHS
CaCl2/SO4. MpuHUMN UBOTrO MpoUECY aHanorivHMiA Npouecy Jaguar, ane 3a BUHATKOM TOrO, O TiNbKU 3 PigKoro
BiABIAHOrO NOTOKY BUAANAOTb 3anizo W BuaobyeaHHA Ni/Co npoBoaATbL Y MPUCYTHOCTI BanHa. [loTim 3
OLEPKAHOIO PO3UUHY OCALKYIOTb MarHin y NPUCYTHOCTI BanHa 3 yTBOpeHHAM MarHesii (MgO). Y xoai BCiX TpbOX
onepauiii B OCHOBHOMY BiaGyBaeTbCA 3aMiHA XMOPUAHOTO KATiOHA Ha eKBIiBANeHTHY KiMbKiCTb XMOopuAay KanbLjio.
3aranbHy KinbKiCTb XMOPUCTOBOAHEBOT KUCIOTU, KA CNOXUBAETLCA B CUCTEMI, PEreHepyloTb NpU AoAaBaHHi
CipyaHoi KMCNoTH, WO NPUBOAUTE A0 OCAMKEHHS CymnbdaTy KamnbUilo (3 HU3LKOK PO3YUHHICTIO). PereHepoBaHa
XIMOPUCTOBOAHEBA KUCIMOTA MOBEPTAETLCA YEpPE3 PEeUupKynsuiiHy CcucTeMy B npouec atMocepHoro
BUNyropysaHHa. CipyaHy KWACROTY Ta BanHO Yy CBOK 4epry MOXHA pereHepyBaTW Ha cTaail TepMmidyHoro
posknagaHHa cynbdarty kaneuio. OaHak npocrta TepMoguHamidHa Moenb peakuii TepMIYHOro posknagaHHsa (3
BUKOpUCTaHHAM npouecy HSC) suasnse geski TpyaHowi (aue. dir. 10).

Xo4a KoHUenuia pereHepauil cip4aHoi KACNOTU Ta BanHa CTAHOBUTL HTEPEC, ANA TEPMIYHOMO PO3KnagaHHa
cynbaris noTpibHa BUCOKA TemnepaTtypa, TOOTO MOTPIGHE CMOXXMBAHHS 3HAYHOT KinbkOCTI eHepril. Mpu yboMy
MOXINUBE YTBOPEHHS HaA3BUYANHO BOTHETPUBKOrO HepeakuinHosgatHoro tuny BanHa. Kpim Toro, y npoueci
TEPMIYHOrO PO3KNagaHHs YTBOPIOETLCA NPOMi>KHA TBepaa hasa, sika siBnsie AoAaTkosi npobnemu.

OcobnuBOCTI NpoUecy i3 3aMKHYTOI CUCTEMOIO Ta 3 BUKOPUCTAHHAM OCAKEHHs1 cynbdpaty Kanbuito (npu
A0JaBaHHI cipvaHoT KUCNOTK AN pereHepauii XnopucTtoBogHeBOT KUCNoTu) (Npouec Intec):

- Y 3a3Ha4YeHOMY Mpoueci 0aepKyloTb peanizoByBaHi (ToBapHi) nobiuHi npoayktu 6acaHit (CaS0O4-1/2H20) i
marHesito (MgO), ogHaK BUHUKAIOTb TPYAHOLL NPU OYULLIEHHI NOGIMHUX NPOAYKTIB TAKOTO TUNY;

- ManoMOBIPHOIO € MOXIUBICTL EKOHOMIYHOT pereHepadii cip4aHoi KUCNOTU Ta BanHa METOAOM TEPMIYHOro
po3knagaHHa cynbdhaTty Kanblito, peakuil TEpMIYHOro po3knagaHHa BiabGyBalOTbCA Yepe3 YTBOPEHHS CKNagHux
NPOMDKHUX MPOAYKTIB, MPOAYKT i3 BanHa € BOTHETPUBKUM, a NPOLIEC BUMArae BENUKOT KiNbKOCTI eHepril;

- YAM BULWE BMICT MarHito B pyaHiA CUPOBUHI, TUM OBinblie nOTPIGHO cipyaHoOT KMCNOTM Ta BanHa, WO
NPUBOAUTL A0 3HMKEHHS EKOHOMIYHOCTI Npu nepepobui canponitoBoi pyau.

TakuM YMHOM iCHye HeobXxigHicTb y 6Ginbll edeKTUBHOMY EKOHOMIMHOMY npoueci BUNYroByBaHHA Ans
BUAoOyBaHHA UiHHMX MeTaniB. Hacamnepen, icHye HeobxigHiCTb y cnocobi HakonuyeHHs abo pereHepauii
XIMOPUCTOBOAHEBOT KUCIOTWM B XIMOPUAHOMY COMbOBOMY PO3YMHI AN BUNYrOBYBAHHA, NPWU LbOMY NOTPIGHO
BUKITIOUYUTU HEOOXIAHICTL YNapiOBaHHA BEJMKUX KiNMbKOCTEN BOAU, SIKe NOTPIGHO Npu BUKOPUCTAHHI miporiaponisy.
Bci BUKOpMCTOBYBAHI 4OAATKOBI peareHTU NOBUHHI 6yTU HEAOPOTMMHU, | MOBUHHA iICHYBATU MOXNUBICTb pereHepadil
OCHOBHUX peareHTiB, BUKOPUCTAHUX Y MPOLEC.

Crtucnuid BuKknag cyTi BuHaxoay

Y nepwiomy BapiaHTi 3OiINCHEHHA OAHOrO BMHAXOAY MPOMOHYETLCS CMOCIO BUNYroBYBAHHA LIHHOMO meTany 3
pPyau, WO MIiCTUTb 3a3HaYEHUA LiHHWMIA MeTan, AKUIA BKMOYAE HACTYMHI cTaail:

BWITYrOBYBaHHSA pyau B MPUCYTHOCTI XMOPUCTOBOAHEBOT KACMOTU 3 YTBOPEHHAM XIOpuay mMertany B pO34uHi
NSl BUNYTOBYBaHHS,

A0JaBaHHS Cip4aHoT KUCMOTH B PO3YUH ANIA BUNYrOBYBaHHS,

BMAo06yBaHHA cynbdaTy MeTany 3 po3yuHy ANs BUNYrOBYBaHHSA Ta

O4HOYACHOT pereHepauii XnopucToBOAHEBOT KUCMOTH.

Cyneat meTany xapaktepusyerbcs hopmynoro MeSOqyH20, ne

Me o3Ha4yae meTtan, a

y aopisHioe 0 abo Ginblwe, Hanpuknag, sia 0 oo 3, 6inbw kpawe 0 a6o 1.

IbxkepenomM meTtany B cynbaTi MeTany nepeBaxkHo € pyaa.

Pynoto nepeBaxHo € okcuaHa abo cunikaTHa MeTanoBMiCHA pyaa, Taka sk OKCMAHA LMHKOBA pyAaa.

Pynoto moxke Takox 6yTu naTteputHa Hikenesa pyaa, Taka sk canponitosa abo nuMoHiToBa pyaa.

B iHwomy BapiaHTi pyaoto € cynbpigHa, TuraHosa abo antomiHiesa pyaa.

Cynbchat meTany ocamkylOTb i3 pO34MHY ANs BUNYroByBaHHa abo BuaobyBalTb i3 poO3unMHy Ans
BUNYroByBaHHA KpucTanisauieto npyu ynapioBaHHi.

LliHHuIt MeTan BuBupatoTb i3 rpynu, sika Bkntodae Zn, Cu, Ti, Al, Cr, Ni, Co, Mn, Fe, Pb, Na, K, Ca, meTtanu
NNaTMHOBOT rPynu Ta 30510TO.

MeTtanom y cknagi cynbgaty metany moxe OyTU UiHHUA MeTan, i cnocif, kpiMm TOro, BKMNOYAE CTaAito
posknagaHHa cynedaty metany ans BuaobyBaHHA LiHHOMO meTany.

B iHWoOMYy BapiaHTi meTanoM y cknaai cynbdaty metany € MeHw UiHHAWA MeTan Ha BigMiHy Big LiHHOrMo
MeTany, Takuii aK MarHin.

Cynbchat MeTany moxkHa o6pobnaTtu B yMOBaX, NpU SKUX YTBOPIOETLCA AioKCUA CipKu, TpMokeua cipku aéo ix
CyMiL.

LliHHUI meTan moxe 6yTu BMaoOYyTUIA HE3aneXHOo Bid CONi MeTany, sika YTBOPHOETLCA NpU AoAaBaHHi cipyaHol
KUCMOTH.

PereHepoBaHa XnNop1MCTOBOAHEBA KUCIOTA MOXE ABNATW COGOH0 HAZ-a3€0TPOMHY KUCNOTY.

Ak po3unH xnopuay metany Moxe OyTW BUKOPUCTAHUIA PO3YUH COJi NMYXKHOro MeTany i/abo aHanoriyHum
YUHOM sIK cynbdaT MeTany BUKOPUCTOBYIOTE CynbdaT NMy>XHOro MeTany.

PereHepoBaHa XfOpPUCTOBOAHEBA KUCNOTA MOXe Aani HanpasnATUCA B PEUUPKYNAUINHY CUCTEMY B npouec
BWITYrOBYBaHHs. XMOPUCTOBOAHEBY KUCIMOTY, NMPU3HAYEHY ANSA BUMYrOBYBAHHA PyAU, BUKOPUCTOBYHOTH Y CKragi
CONMbOBOTO PO3YKMHY, HANpUKnag, y surnaai sig npuénusno 10% ao npubnusHo 90% HaCUUYEHOTo PO3UUHY XNOpUay
MarHito, siga npubnuaHo 10% ao npubnuaHo 90% HACUYEHOro Po3UnHy Xrnopuay UnHky ao siga npubnusHo 10% oo
npubnusHo 90% HACUYEHOro pPO3YMHY XNOpuay iHWoro Metany. bBinbw Kpawe, Ak CONMbOBUIA  PO3YUH
BUKOPUCTOBYBATKU Big NpubnusHo 25% a0 npubnuaHo 40% HacuyYeHWid po3vuH XMnopuay MarHito, Big npubnusHo
25% po npubnusHo 40% HacuyeHUW po3unMH Xnopuay UuHKY abo Big npubnusHo 25% apo npubnusHo 40%



HacU4YeHUii po3vnH xnopuay iHworo metany. e 6inbL Kpawe sik CONbOBUIA PO3UMH BUKOPUCTOBYBATU NPUOBNU3HO
30% HacuyeHuit po3UUMH XNnopuay martio, npubnuaHo 30% HACUUEHMIA PO3YMH XMopuay UMHKY abo npubnusHo
30% Hacu4eHuin Po3UUH XIOPUAY IHLWOro MeTany.

Cynbdat MeTany MoXHa BUKOPUCTOBYBATU ANA oAepKaHHA OKcuay meTtany. Hanpuknag, cynbodat metany
nigaatoTb TEPMIYHOMY PO3KNagaHHIO 3 YTBOPEHHAM OKCUAY MeTany Ta giokcuay Cipku, TpUokcuay cipku abo ix
cymiwi. Okcup MeTany BuBUPAIOTL i3 TPYNU, SIKA BKIIOYAE OKCUA MArHito, oKCua UMHKY, OKCUA 3ari3a Ta OKcug,
anomidito. [iokcua cipkud, TpUOKCUA cCipku abo X CyMmill MOXHA BUKOPUCTOBYBATM ANA OAEPXKAHHA cCipyaHol
KACMOTH, AKY Y CBOIO Yepry NOBEPTAIOTE Y MPOLEC BUNYrOBYBAHHSA AN pereHepauii XnopucToBOAHEBOT KUCNOTH.

LIiHHWIA MeTan BMIYroBylOTb 3 pyau Npu TemnepaTypi Big Npubnnu3HO KiMHATHOT TemnepaTtypu 4o npubnusHo
TeMNepaTypu KUMiHHA pO34YUHY XNOpUAY MeTany Ans BUMYroByBaHHS.

OpuH abo GinbLue LiHHUX MeTaniB, Takux sk koBanbT, Hikenb, MeTanu NNaTMHOBOT rpynu, 30M10To, cpibno i/abo
Mifb, MOXHA CENEKTUBHO BUAIMATW 3 PO3YUHY A0 YTBOPEHHSA CymnbdaTy meTtany.

Jowmiwku 3aniza i/abo iHWi 3anuWKOBI AOMILLKK, WO YTBOPATLCA nicna conwobinizauii pyau, BuaansoTb i3
pyau, Hanpuknaa, eKCTpakLied PO3YMHHUMKOM 3 HACTYNHUM niporigponizom a6o rigponizom.

KoHUeHTpauis cipyaHoT KUCNOTU CTAHOBUTL NPUHANMHI 30%, Hanpuknag, npubnuaHo 98%.

Y ppyromy BapiaHTi 3ailiCHEHHS1 4aHOr0 BUHAXOAY MPOMNOHYETLCA CNOCIG BUIMYrOBYBaHHSA LiHHOTO MeTany 3
pPyau, aKka MICTUTL 3a3HaYeHUI UiHHAA MeTan, Wo BKIOYAE HACTYMHI cTaaii:

BWITYrOBYBaHHS PyAW B MPUCYTHOCTI XNMOPUCTOBOAHEBOT KUCMNOTU 3 YTBOPEHHAM PO3UYUHHOIMO B PO3YMHI ANA
BUITYrOBYBaHHS Xnopuay merany,

A0JaBaHHSA OiOKCUAY CIPKA B PO3YUH ANA BUNYrOBYBaHHS,

BuAoOyBaHHA cynbgaty metany abo cynbdity metany 3 pyau Ta

O4HOYACHOT pereHepauii XnopucToBOAHEBOT KUCMOTH.

Cynedat metany abo cynbit meTany xapakrepusyetescsa dopmynoto MeSOx yH20, ae Me o3Havae meTan, x
JopiBHioe 3 abo 4, a y gopisHioe 0 abo BGinblue, Hanpuknag, sia 0 4o 3, nepesaxxHo 0 abo 1.

bkepenom MeTany B cknaai cynbcaty metany abo cynbity MeTany nepesaHo € pyaa.

Cnoci6, kpiMm TOro, BKMOYAE CTaAil0 AOAABAHHA OKUCHUKA B PO3YUH ANSl BUMIYrOBYBAHHA AN OKUCHIOBAHHS
iOHIB ABOBANEHTHOrO 3anisa Ao ioHiB TPUBANEHTHOroO 3anisa.

Ak pyay BUKOPUCTOBYHOTE B OCHOBHOMY OKCUZAHY ab0 CuMiKaTHY pyay, sika MICTUTb MeTan, Taky K OKCUOHY
LUHKOBY pyay.

Ak pyay BUKOPUCTOBYIOThL NATEPUTHY HiKENEBY pyay, Taky sk canpotun abo NMUMOHIT.

B iHWwoMy BapiaHTi ik pyay BUKOPUCTOBYIOTb CynbdigHy, TUTaHOBY abo anioMiHiEBY pyay.

Cynbcatr metany abo cynbhit MeTany OCamxyloTb i3 PO3UMHY ANA BUITYrOBYBAaHHS abo pereHepyloTh i3
PO34YMHY ANA BUNYrOBYBAHHSA KpUCTanisauieto npyu ynapioBaHHi.

LliHHIi meTanu BubBupatoTh i3 rpynu, aka sknmovae Zn, Cu, Ti, Al, Cr, Ni, Co, Mn, Fe, Pb, Na, K, Ca, meTtanu
NNaTMHOBOT rPynu Ta 30510TO.

Y cnocobi MoXXHa BUKOPUCTOBYBATU KaTanizaTop ANs NPUCKOpPeHHa peakuil. MpuaaTHUMKU kaTanizatopamu €
Mib ¥ po3uuHi, rpacit abo Byrinns.

Ak meTan y cknagi cynbcaty metany abo cynbiTy MeTany npeactaBneHuMin UiHHMA MeTan, i cnocib, kpim
TOro, BKITIOYAE CTaAilo po3knagaHHsa cynbdaty metany abo cyneity metany ans suao6yBaHHs LWiHHOrO MeTany.

Ak meTan y cknaai cynopaty metany abo cynbity MeTany moxe 6yTu MeHLW UiHHMA MeTan, Takui sk MarHii.

Cynbdhat meTany abo cynbdit meTany 06pobnsaoTb B yMOBAX, Y AKUX YTBOPIOETLCA AiOKCUA CipKU, TPMOKCUA
cipkn abo ix cymiLw.

LIiHHUI meTan MoxHa BuaoOyBaTU He3amnexHo Big Comni MeTany, fika YTBOPIOETLCH Npu AOAABaHHI diokcuay
cipKu.

PereHepoBaHoO0 XNOPUCTOBOAHEBOIO KUCNOTOK MOXe ByTU HAZ-a3eo0TPONHa KACMOTA.

MarHiii moxxe 6yt BuaoGYTUIA 3 PO3UMHY ANS BUNYTrOBYBAHHA Mepea AOAABaHHAM Aiokcuay Cipku Ta
3aMiHeHUit Ha Pi3Hi ioHM MeTany, Taki Sk KanbUiil abo cBUHeUpb. [icna BUAaneHHs mMarHito Ta JogaBaHHs giokeuay
CipKM YTBOPIOETLCA Cinb MeTany, Hanpuknag npoMbkHUA cynbiT abo cynbdat. MpomixkHum cynbdpitom abo
cynbdarom Moxe 6yTu cynbdaT KanbLilo, CynbgiT KanbLito, cynbgat cBUHL0 abo CynbiT CBUMHLIO.

AK po3vnH Xnopuay metany Mmoxxe 6yT BUKOPUCTAHUI NYXKHWUIA PO3UUH.

Ak cynbdar meTany abo cynbdit MeTany Mo)ke 6yTu BUKOPUCTAHUI CynbdhaT NyKHOro meTtany abo cynbgit
MY>KHOTO MeTany.

PereHepoBaHa XnoOpuUCTOBOAHEBA KACMOTA MOXe OyTW CnpsiMOBaHa B PEUMPKYNALIAHY CUCTEMY B MPOUEC
BWITYrOBYBaHHS.

XnopucTOBOAHEBA KUCNOTA, BUKOPUCTAHA ANA BUMYrOBYBAHHA, MOXE BXOAWTU A0 CKMagy CoOMbOBOro
PO34UHY, Hanpuknaa, y surnsagi sig npubnusHo 10% [o npubnuaHo 90% HACUYEHOTO PO3YMHY XMNOPUAY MarHito,
Big npubnuaHo 10% po npubnusHo 90% HACMYEHOro pPO3YMHY Xnopuay uuMHKy abo Big npubnusHo 10% no
npubnusHo 90% HACUYEHOro pPO3YMHY Xnopuay iHWoro mMetany. bBinblw kpawe, AK CONMbOBUIA  PO3YUH
BUKOPUCTOBYIOTb BiAd NpubnusHo 25% po npubnuaHo 40% HacUYeHUid pO34YMH Xnopuay MarHdito, Big npubnusHo
25% n[o npubnusHo 40% HacuM4eHuit pPo3vMH xnopuiy UuHKy abo Big npubnusHo 25% po npubnusHo 40%
HacU4YeHUn PO3UMH Xropuay iHworo metany. e 6inbL kpawe K CONbOBMIA PO3YUH BUKOPUCTOBYIOTbL NPUGNU3HO
30% HacuyeHWid po3UUH XNopuay martio, npubnuaHo 30% HaCUUEHMIA PO3YMH XMOpUAY UUMHKY aBo npubnusHo
30% Hacu4eHuin Po3UUH XIOPUAY IHLWOro MeTany.

Cynbchatr metany abo cynbdit MeTany MOXHA BMKOPUCTOBYBATU ANS OAEMXKAHHA OKCuay MeTany.
Hanpuknag, cynbdat metany abo cynbit MeTany nigaatoTb TEPMIYHOMY PO3KNaAaHHIO 3 YTBOPEHHSAM OKCMAy
MeTany Ta aiokcuay cipku. Okcua Metany BubupatoTh i3 rpynu, Sika BKITIOYAE OKCUMA MarHito, oKCua LUHKY, OKCUA,
3aniza abo okcua anomiHilo. [iokcua Cipku MOXHA BUMKOPUCTOBYBATU ANA OAEPXKAHHS cipyaHOl KUCMOTU, AKY Y
CBOIO YEPTy MOXXHA BUKOPUCTOBYBATU B NPOLIEC] BUITYTOBYBaHHA ANA pereHepauii XnopucToBOAHEBOT KUCNOTHU.

MpoMikHi cynbhaT abo cynbdiT MOXYTE OyTU niggaHi TepMIMHOMY PO3KNAZAHHIO 3 YTBOPEHHSAM OKCUAY
MeTany, Takoro sik OKCua, KanbLito, i giokcuay cipku, Tpuokcuay cipku abo ix cymii. Jiokcua Cipku, TPUOKCKA CipKK
abo X cymill MO)KHa BUKOPUCTOBYBATM MOBTOPHO ANsl BUCAMOBAHHA cynbdatie abo cynbgpiTiB 3 po3uuHy ans
BUNYroByBaHHA Ta pereHepauii XnopucTtoBogHEBOT KUCNOTH.

LIiHHWIA MeTan BMIYroBYIOTb 3 Pyau Npu TeMnepartypi Big npubnn3HO KiIMHATHOT TeMnepatypu Ao npubnusHo



TEMNepaTypu KUNiHHA pO3YUHY XNOpuAY MeTany Ans BUMyroByBaHHS.

OpuH abo GinbLue LiHHUX MeTaniB, Takux sk koBanbT, Hikenb, MeTanu NNaTMHOBOT rpynu, 30M10To, cpibno i/abo
Milb, CENEKTUBHO BUAANSIOTH i3 PO3UUHY Nepen YTBOPEHHAM cynbdaty metany ado cynedity meTtany.

Jowmiwku 3anisa i/a6o iHWi AOMILKK, WO YTBOPOKOTLECA nicns contobinizaui’ pyau, MoxxyTb 6yt yactkoso abo
MOBHICTIO BUAOGYTI 3 pO3YMHY ANS BUNYTOBYBaHHSA, HAMNpPUKNaZ, €KCTPaKUi€ld PO3YMHHUKOM 3 HACTYMHUM
niporiaponizom abo rigponizom.

KoHUeHTpauis Cip4aHoT KUCNOTU MOKEe CTAHOBUTU NpuHaimMHi 30%, Hanpuknaa, npubnusHo 98%.

Ctucnuii onuc iryp

Huxice BuHaxig 6inbl AOKNAAHO PO3rNSAHYTUIA 3 NOCUNAHHAM Ha NMPUKNAaAeHi KPECNEHHs, Ha SKUX NOKa3aHe:

dir. 1 - npuHUMNOBAa cxeMa nepepoBKK canponity METOAOM MNABMEHHS,

dir. 2 - npuHUMnoBa cxeMa BaxkaHoT nepepobku NUMOHITY 3 BUKOPUCTAHHAM npouecy KapoHa;

®ir. 3 - npuHUMNOBa cxema nepepobKu NIMMOHITY (8 TaKoX CMEKTUTY) 3 BUKOPUCTaHHAM npouecy HPAL;

dir. 4 - eHeproBUTPaTK Ta NOTOYHI BUTPATU AN ekcnnyartauii npouecy HPAL,;

@ir. 5 - cxemu npouecis atMocdepHoro sunyrosysaHHsa (ALP) Ta HPAL-ALP (EPAL);

@ir. 6 - npuHuun npouecie Sural/Skye: kpuctanisauia cynbdaTy MarHito Ta pereHepauis BUXigHUX peareHTis;

@ir. 7 - npuHUMN npouecy Jaguar: nepB1MHHA pereHepauisa peareHTis 3 BUKOPUCTAHHAM Miporiaponisy xnopuay
MarHito;

@ir. 8 - NOPIBHAHHA (riNOTETUYHE) KiNBLKOCTi YNapeHHOT BOAU B NPOLEC Niporiaposnisy po3vnmHy Xnopuay marHito
Ta y npoueci TEPMIYHOTO PO3KnagaHHa KpUcTanivyHux cynbartis marHito;

@ir. 9 - npuHUMN npouecy Intec: nepBMHHA pereHepauis peareHTiB 3 BUKOPUCTAHHAM OCafpKEHHA cynbdaTty
Kanbuito;

@ir. 10 - TepMivHe posknagaHHa cynedaTy Kanbuilo, AUB. Moaens npouecy HSC;

dir. 11 - npuHUMN cnocoby 3a AaHUM BUHAXOOOM: PEreHepauis peareHTiB 3 BUKOPUCTAHHSAM OCAIXKEHHS Ta
TEPMIMHOMO po3knagaHHa cynbdarty mMarHito;

@ir. 12 - PO3YMHHICTE CcynbaTy MarHilo 3anexHo Big 3MiHW KiMbKOCTI Xnopuay MarHito (gue. MoAaenb
AspenPlus);

®ir. 13 - aKTUBHICTb iOHIB BOAHIO B po3vuHi 0,5 mon./kr HCI 3anexHo Big KOHUeHTpauil Xnopuay marHito ta
Temnepartypu;

@ir. 14 - MONANLHICTL iOHIB BOAHIO B posudnHax: Big 0 go 1 mon./kr HCl i 2,5 mon./kr MgClz i Big 0 go 0,5
mon./kr HoSOa4 i 2,5 mon./kr MgSOa4, BignoBigHO, 3anexHo Bia TeMmneparypu;

@ir. 15 - TepMivyHe posknagaHHa cynedaTy MarHito, aus. mogens HSC;

@ir. 16 - kpucTanu cynbdary MarHito, 0CagXKeHoro i3 CoOnbLOBOro PO3UUHY NPU PisHIA TemnepaTypi;

dir. 17 - npuHUMNOBa cxemMa cnocoby 3a BUHAXOAOM;

dir. 18 - cxema 1 cnocoby 3a BUHAXOAOM;

dir. 19 - cxema 2 cnocoby 3a BUHAXOAOM;

dir. 20 - ekcTpaKkyia HiKeno i3 canponiToBuUX 3paskis;

dir. 21 - ekcTpakuia kobanbTy i3 CanponiTOBMX 3pasKkis;

@ir. 22 - npodpini ekcTpakuii BCIX MeTaniB i3 canposity 3 BUKOPUCTAHHAM COJSIbOBOrO PO3YUHY BUCOKOT
KOHUEeHTpaui,

dir. 23 - ekcTpaKkUia HiKeno 3 TMMOHITOBUX 3paskis,;

dir. 24 - ekcTpakuia kobanbLTy 3 IMMOHITOBUX 3pas3kiB;

@ir. 25 - npodpini ekcTpakyii BCiX MeTaniB 3 NUMOHITY 3 BUKOPUCTAHHAM COSIbOBOrO PO3YUHY BUCOKOT
KOHUEeHTpaui,

dir. 26 - eKcTpaKkLUia HIKEo i3 CinikaTHO-NMMMOHITOBUX 3paskiB;

dir. 27 - ekcTpakuia kobanbTy i3 CiNiKaTHO-NUMOHITOBUX 3pa3KiB;

@ir. 28 - npodpini ekcTpakyii BCiX MeTaniB i3 CUMIKATHOIO NIMMOHITY 3 BMKOPUCTAHHAM COMNbOBOIO PO3YUHY
BUCOKOT KOHLEHTpaLii;

@ir. 29 - snnue MgCl2 Ha ekcTpaku,ilo Hikento;

@ir. 30 - choTorpacpia TUNOBUX KPUCTANIB (CKaHyBanbHUA €NEKTPOHHUA MIKPOCKON);

dir. 31 - peakTop 3 MacnsiHuM o6irpiBoM, Ha BCTaBLi 306paxkeHNii WNpuL Ana 4OAAaBaHHA peareHTiB;

dir. 32 - cnocib nepepobku cynbdigHOT pyau;

dir. 33 - xnopugHuii i cynbhaTHU 3aMKHYTI LUMKNKU B iHTErpoBaHOMY npoueci nepepobku cynbdigHoT pyau;

dir. 34 - naGopaTopHa yCTaHOBKA AN HEOKUCHIOBANBLHOIO aTMOCHEPHOrO BUITYrOBYBAHHS;

@ir. 35 - KiHeTUKa BUNYroByBaHHA B HEOKUCHIOBaNbLHUX yMOBaxX y npucytHocti HCI npu 90°C (+38-75 MKM);

@ir. 36 - PEHTTEHOCTPYKTYPHUIA aHani3 (NOPOLLKOBA PEHTreHorpama) KpucTaniyHoro npoaykTy.

JoknagHuii onuc BapiaHTiB 34iINCHEHHA JAHOTO BUHAXoAy

Cnoci6 3a gaHuM BUHAXOAOM SIBMSE HOBUMA 3aranbHUiA nigxig 4O onTumizauil peareHTiB i eHeproBuTpar.
BuxigHuit pearent, 10610 HCI, pereHepytoThb, NpU LUbOMY BUKMIOMAETLCA HEOBXIAHICTE Yy HeWTpanisauil po3umnHie
nepen Kpucrtanisauieto, ogepXKaHux NiCnsi BUNYroByBaHHS, abo HeoOXiQHICTb y A0AaBaHHI B CUCTEMY CBDKUX
peareHTiB. EPeKTUBHICTL AaHOro niaxoay 36inbLUyeTbCsA NPU BUKOPUCTAHHI KOHUEHTPOBAHUX CONMbOBUX PO3UUHIB,
wo 3abeanevye 40AaTKoBi nepesaru: 1) yTBOPEHHS AeriapaTtoBaHOro KpUCTaniuHOro npoaykTy, TO6TO 3HUXKEHHS
€HeproBuTpaT Npu TEPMIYHOMY pPO3KNafaHHi (pereHepauisa peareHTis), 2) YTBOPEHHs AeriapatoBaHux ctabinbHUX
nNPOAYKTiB rigponisy Fe (Takux gk remaTtut) npu TemnepaTypi HaBKOMULLHLOrO cepenosuLula, 3) WBKUaKa KiHeTuka
BUMYTrOBYBAHHS BHACNIAOK BUCOKOT aKTUBHOCTI NMPOTOHIB i 4) BUNYroByBaHHS Ta BUAOOYBAHHA BAXXNUBMX NOGIYHUX
npoaykris (Hanpuknag, Pb, Ag).

Cnoci6 3a gaHUM BMHAxXo4oOM MpPU3HAYEHWA ANS BUMNYTrOBYBAHHA oAHOro abo 6inblue UiHHUX MeTanis y
PO3UUHI, WO MICTUTb XMNMOPUCTOBOAHEBY KUCMOTY, 3 SIKOTO UiHHUIA MeTan BuaobyBaloTb (PereHepytoThb) y BUrnagi
TBEPAOro cynbdaty abo cynbgity, Npu UboMy BiabyBaeTbCA 0QHOUMACHA pereHepalis XnopucToBOAHEBOT KUCNOTH
B PO34KHI.

LliHHMIA MeTan BMMYroBylOTb 3 METanoOBMICHOrO Martepiany, wo € cynbdigHum abo HecynbdigHUM
marepianoM. Hanpuknag, martepian moxe 6yTU MeTano-oKCUAHOI PYAOHD, TaKOKW fIK OKCMAHA UMHKOBA pyaa,
NaTepuUTHOO HIKENEBOID PYAOID, TAKO K canponitosa abo NMMOHITOBA pyaa, CynbdigHo0 pyaoto, antoMiHieBoLO
pyaoto abo TUTAHOBOW pyaoto. CnouaTky UiHHUIA MeTan yTBOPIOE PO3YUHHUIA XNopua meTany, noTiM yTBOPHOETLCA



TBEPAUiA cynbat abo cynbdiT.

LIiHHIi meTanu nepeBaxkHO BUOMPAIOTL i3 rpynu, sika Bkitovae Zn, Cu, Ti, Al, Cr, Ni, Co, Mn, Fe, Pb, Na, K, Ca,
MeTarnu nnaTtuHOBOI rpynu Ta 30n0T0.

Po3uuH xnopuay mertany mo)e OyTW My>XHUM PO34MHOM i/abo cynbdpaT metany € cynbdartoMm NyKHOro
MeTany.

CipyaHy KUCNOTY 3BMYANHO Npu KOHUEHTpauil npuHaimMHi 30% (Hanpuknaa, npubnusHo 98%) abo piokcup
CipKM 404at0Tb Y PO3YUUH, SAKUA MICTUTb BUMNYXKEHUI LiHHAA MeTan, npu UbOMY OAepKYOTb TBEpAMiA cynbhat abo
cynbit MeTany, akuii noTiM BuaoByBalwoTb. Y TakOMy BUMNAAKy ANS pereHepauil gopororo peareHty
(XNOpMCTOBOAHEBOT KUCNOTU) BUKOPUCTOBYIOThL BIAHOCHO AELUEBUIA peareHT (CipuaHy KUCIoTy abo aiokcug cipku),
IO NpUBOAMUTL A0 3HAYHOT eKOHOMIT 3acobiB.

TBepaun cynbchat metany abo TBepauit cynbdit MeTany 3BU4aNHO XapaKkTepusyeTbcs OPMynoo;

MeSOx-yH20,

ne Me o3Hayvae meTan,

x AopisHioe 3 abo 4, i

y aopisHtoe 0 ab6o Ginblwe, Hanpuknag, Bia 0 oo 3 i 6inbw kpawe 0 a6o 1.

PO34uH, AKUA MICTUTL XITOPUCTOBOAHEBY KUCIOTY, 3BUMYARHO € COMbOBUM PO3YMHOM (TOGTO, XMOPUAHUM
PO34YUHOM), TakuM K npubnusHo Big 10% [0 npubnuaHo 90% HaCUYEHUIA PO3UMH XINOPUAY MarHito, npubnusHo Big
10% [o npubnuaHo 90% HacUYeHUid pPo34YMH Xrmopuay uuHky ato npubnusHo Big 10% ao npubnusHo 90%
HacU4YeHUin PO3vMH XNOopuAay iHWoro Metany. Binblw kpawe, ik CONMbOBUIA PO3UYMH BUKOPUCTOBYHOTE MPUBNU3HO Bif,
25% 8o npubnusHo 40% HacuueHUin PO3YUH XIopuay marHito, npuénusHo sig 25% oo npubnusHo 40% HacudueHun
PO3UUH XNopuay UMHKY abo npubnuaHo Big 25% ao npubnusHo 40% HaCMYEHMIA PO3UYUH XITOPUAY HLIOro MeTany.
e 6inbw Kpawe, sK CONbOBWUA PO3YUH BUKOPUCTOBYIOTb 30% HaCUYEHUI PO3dMH Xnopuay mardio, 30%
HaCUYEeHUn PO3YUH XNOPUAY LUUHKY aGo po34vuH Xropuay iHWoro metany abo nyxHoro metany. Bmict metany a6o
NY>XHOrO MeTany B COJIbOBOMY PO3YMHI 3BUYANHO BUOUPAIOTE 3aNEXHO Bif NOIMUHAMIB KUCNOTW, MPUCYTHIX Y
PO34UHI ANS BUNYroBYBaHHS, a X KOHUEHTpaUil B 6inNbLWOCTi BUNaaKkie BUGMPaOTb TaKUM YMHOM, Wo6 3abesneunTu
3HAYHE PO3XOOAXKEHHA B PO3YMHHOCTI XNopuais i cynedaris.

MeTan, sikuin yTBOPIOE KaTiOH Y CKNaai Xxnopuay i akuin asnse co60t0 OCHOBHUIA KOMMOHEHT COMNbOBOTO PO3UUHY
(CepepoBuLLe AN BUIYrOBYBAHHSA), NepeBaXXHO BUBUPAIOTL i3 OCHOBHMX KaTiOHIB, LLO MOIMMHAKOTL KUCMOTY Ta
NPUCYTHI Y PyAi, NPU3HAYEHOT AN BUINYTrOBYBaHHA.

KoHuUeHTpauito xnopuay meTtany 3BU4ainHo BUBUPAIOTDL i3 ypaxyBaHHAM HACTYMHUX Uineii:

MO3UTMBHUIA BMAMB HA NPOLIEC BUIYTOBYBAHHS, Ik ONUCAHO, HAMPUKNaZ, ANns npouecy Jaguar,

3abe3neyeHHa BUMYroBYBaHHA MeTany 3 pyau, HE MEPEBULLYIOHM PO3YUHHOCTI xmopuay MeTany B ymoBax
BUNYrOBYBaHHA (B iHLLOMY BapiaHTi, 40AAl0Tb BOAY LWOG BUKMIOYMTI BTPATU XNopuay y TBepaiin dasi),

NPUCKOPEHHS OCaaXKeHHs BignosiaHoro cynbdaty abo cynbdity - TOBTO KOHUEHTpauia MeTany €
HaANULLIKOBOO BiAHOCHO PO3UYUHHOCTI cynbdaTty abo cynbdity,

BMAMB Ha CTyMiHb rigpatadil cynedarty abo cynbdity, WO BUMNAB B ocag, Wob cTyniHb rigparadil ogepxaHux
coneit 6yB HUXUUM B NOPIBHAHHI 3 MOXITMBUM CTYMEHeM rigpartauii conei, ogepxaHux 3 HERTPANbLHOTO PO3YMHY
cynbary abo cynbdiTy, i

He MepeBULLYBaATU MeXXi PO3UMHHOCTI, HEOOXIAHI Ha iHLWKUX CTagisx npouecy. Y UbOMy BMNaaKy NOTPiGHI pisHi
poboui TemnepaTypu Ha pi3HUX cTagisax npouecy (B iHWOMY BapiaHTi, WO6 He NepeBULUTU MEX PO3UYMHHOCTI, Ha
BU3HAYEHUX CTadisaxX npouecy 4o4atoTb BOAY).

BuxigHy KOHUEHTpAaUil0 XMOpUCTOBOAHEBOT KUCMOTU BUOUPAIOTL TAaKMM YMHOM, WO6 3abe3nevyuTu BUCOKUNA
CTYNiHb BUNYroBYyBaHHA MeTany W OQHOYACHO BiAnoBidaTu BUMOram NOrNUHAHHA KUCNOTU pyaoto. BCTaHOBREHO,
O BUNYroByBaHHSA npu KiHuesomy pH 0,5 a6o MeHLwe npuBoAUTb A0 36iNblUEHHS BUXOAY BUAOOYBAHHA MeTany
[0 BenuuuHu Ginbwe 80%. OaHak 3a3HauyeHa BenuuMHa 3anekuTb Big NPUPOAM pyau, i cneuianictam y aaHin
ranysi TexHiku € OYeBUAHUM, L0 3a40BINMbHUA CTYMiHb BUITYrOBYBAHHS MOKHA 3a6e3NeyuTi Npu BUKOPUCTAHHI
iHWMX MaTepianis npu 6inbLIMX BENMYUHAX KiHUeBOro pH, Ha BiamiHy Big AOCRIAXKEHUX Y AAaHOMY BUHAXOA,.

CipuaHy kucroty ab6o piokcua Cipku 3BUYARHO [0AAOTH Y PO3YMH Y AOCTATHIA KinbkocTi, wo6 cuna
pereHepoBaHol XNOPUCTOBOAHEBOT KWUCNOTU MepeBullyBana KOHUEHTpauilo aseoTpony, fAka BU3HA4YaeTbLCA
PO3UYUHHICTIO XNnopuay metany abo xnopuay ny>kHOro meTtany, y NOPiBHSAHHI i3 CUIOI0 XIMOPUCTOBOAHEBOT KUCIOTH,
WO YTBOPIOETLCA MICNA OCAMKEHHA y BUrNagi cynbdaty abo cynbdity. COnboBUiA PO3YUH XapaKTEpPU3yeEThbCs
HU3bKOI BUXIAHOKO KOHUEHTpAaUi€elo, AKka NiaCyMOBYETLCA 3 A04ATKOBOK KOHUEHTpAaUiE Xnopuay MeTany B XOAi
npouecy BUIyroByBaHHs. Kpawa KinbKiCTb AoAaHoi cipyaHol kucnoTtu abo giokcuay Cipku B 3a3HaYeHWUid po3vnH
MOBUHHA HE3HAYHO NEPEBULLYE KiNbKICTb, HEOBXiaHY ANs KoMneHcauil KOHUeHTpaul KUCITOTHO-CONbOBOTO PO34YUHY
00 BUXIAHOT BEMUYMHU. IHAKLLE KaxKydyW, BUXIQHY HE3HAYHY KOHUEHTpaUitlo XIopuay MeTany He Chnig 3HWXyBaTu B
npoueci kpucranisadii signosigHoro cynbdaty abo cynbdity. B iHWOMY BapiaHTi po34uH nicns BUITYroBYBaHHS
pPo34inATL Ha hpakuil, i TiNbKM OAHY 3 HUX BUKOPUCTOBYIOTb ANSl OCamXKeHHs1 cynbdpaty abo cynbdity, npu
UbOMY OCaXKeHHs BiabyBaeTbLCA 3aNeXHO B PO3YUHHOCTI, Y TOI Yac sIK BUXIAHUA PiBEHb XNMOPUAY HE 3MIHIOETLCS
B iHLLIMX HeoBpobneHux dpakuisx.

Mpouec Takox BKIHOYAE CTafilo KpucTanisauii ans ogepxaHHs KpucTanis cynbdpaty metany abo cynbity
MeTany 3 HU3bKUM BMICTOM rigpaTHOT BOAW. B iHWOMY BapiaHTi ANg 3HWXKEHHA BUTPAT Ha 3a3Ha4YeHi peareHTu ans
NpoBeAeHHs 3a3Ha4YeHol XiMiYHOT KpucTanisauii BUKOPUCTOBYIOTb KpUCTanizauilo 3 ynapoBaHHAM (y mexax abo
npu HEBEMNUKOMY MEpPEeBULLEHHI CTaHQAPTHOro BOAHOro GanaHcy). Takuil BapiaHT CTAe MOMIUBMM 3a pPaxyHOK
OAHOYACHOro BMNAIMBY BMXIQHOT KOHUEHTPAUT COMi B PO3YMHI HA CTYMNiHb OCAAKEHHS COSfli NPU ynaploBaHHi BOAM.
Binblwe Toro, cninbHe ocagxeHHA Ni y Mexax KpUCTaniyHoT CTPYKTYPU COJli MarHito 3BMYManHO nepeBaxkae npu
KpucTanisauii npu HU3bKUX Temnepartypax. TeHaeHuia Ni 4o cninbHOT KpucTanisauil 3Ha4YHO 3HUKYETLCA NpPU
npoBefeHHi XiMiYHOT Kpuctanizauil npu Temnepatypi, Onu3bkoT A0 TemnepaTypu KWAMIHHA PO3YUHY MpK
aTMOCEPHOMY TUCKY.

Taki coni, BUKOPUCTOBYBAHI AK KOMEPLUAHI NpOAYKTU, NigaarTb TEPMIYHOMY PO3KMafaHHK 3 YTBOPEHHAM
OKCUAY MEeTany, WO TaKoXX BUKOPUCTOBYIOTb AK KOMEPUINHUA NPOAYKT, a TaKOX AIOKCUAY CIPKU, TPUOKCUAY CipKK
a6o ix cymiui, i/abo X NOBTOPHO PO3UUHSIOTL Y PO3UMHI cynbdaTty i NOTiM NiaAaoTe ENEKTPONI3y.



OpuH abo GinbLue LiHHUX MeTaniB, Takux sk koBanbT, Hikenb, MeTanu NNaTMHOBOT rpynu, 30M10To, cpibno i/abo
Migb, BUBIPKOBO BUAANSIOTHL i3 PO3UMHY Nepen CTajicto yTBOpeHHs cynbdpaty abo cynbdity meTtany.

3anizo i/abo iHWI 3anULIKOBI AOMILLUKKA, LLO YTBOPIOWOTLCA B pe3ynbTaTi conobinisauil pyau, yactkoso abo
MOBHICTIO BUAAMNAOTL i3 PO3YUHY ANA BUMYrOBYBAHHSA, HAMPUKNAZA, 3 BUKOPUCTAHHAM EKCTPaKuil PO3YMHHUKOM 3
HacCTynHUM niporigponizom abo rigponizom.

MeTan y cknagi cynedpaty abo cynbdity metany Moxe 6yTu UiHHUM MeTanom, a cnocié BKMOYae Cragito
posknagaHHa cynedaty meTtany ans suaobyBaHHA LiHHOrO MeTany.

B iHwomy BapiaHTi, meTan y cknagi cynodary abo cynbity metany € MeHW UiHHUM, Takum K MarHi, i
UiHHUIA MeTan BuaoOyBalOTbL HE3anNeXxHo i3 COomni MeTany, ska yTBOPIOETLCA NPY AoAAaBaHHI cipyaHol kucnotu abo
Aiokcuay cipku.

Cynbdpat abo cynbdit meTany moxe 6yt 06pobneHuit Ansa BUBINbHEHHS AIOKCUAY CipKu.

Cnoci6 Heo60B'A3KOBO OOMEXEHUId TemMnepaTypHUMK iHTepBanamu, 3a yMOBM, LLUO PO3YUHHICTL cCynbdaTy
mMeTtany abo cynbiTy MeTany 3Ha4yHO HUXM{Ee PO3YMHHOCTI BignoBigHOro xmopudy. MpoTe BUMNYroByBaHHA B
OCHOBHOMY NPOBOAATL MPW TEMNEPATYPI Big KIMHATHOT TeMnepaTtypu A0 TeMNepaTypu KUMiHHA PO34YuHY, a cTagditlo
kKpuctanisauii cynbcpaty abo cynbgiTy 3BUYARHO NPOBOAATE NpPU TemnepaTypi, Npu SKiA PO3XOMXKEHHS B
PO3YUHHOCTI MakCMMansHe.

Mepen aoaaBaHHAM AiOKCUAY CipKM MarHiil HeobOB'A3KOBO BMAANSAOTL i3 PO3YMHY ANA BUITYrOBYBaHHS 0
3aMiHAIOTE HA KaTiOH iHLWOro MeTany, Takoro sk KanbUiid, cBMHeUb abo Gapin. Ticns suaaneHHa MarHito cinb
MeTany, WO YTBOPHETLCA NPU A0AABAHHI AioKCUay Cipku, € NpoMiKHUM cynbdiTom abo cynbchaTom, Takum sk
cynbdar kanbUito, cynbgit Kanbuilo, cynbdar CBUMHLUO, cynbgiT CBUHLIO, cynbdhaT Bapio abo cynbdit Gapito.
MpoMikHUIA cynbdhaT abo cynbdiT NigaaTb TEPMIMHOMY PO3KNAAAaHHIO, NPU LUbOMY YTBOPIOETLCA OKCUA MeTany,
TakuiA K OKCUA, Kanbuito, i giokcua, cipku. Hiokcua Cipku BUKOPUCTOBYIOTL MOBTOPHO ANA BUCAMIOBAHHA Cynbgdaty
a60 cynbiTy 3 PO3UMHY ANS BUNYrOBYBaHHSA Ta pereHepauil XnopucToBoaHEBOT KUCITOTH.

Okpemi BapiaHTU 34iliCHEHHS 4aHOTO BUHAX0AY MOXYTb MaTW HACTYMHI 0COBNUBOCTI:

KOHUEHTpaUis XMNOpUCTOBOAHEBOT KUCMOTU KOMMEHCYETLCA B CONLOBOMY PO3YUHI XIMOPUAY KONbOPOBOTO
meTany,

npouec BUITYrOBYBaHHS NPOBOASATbL Y XNOPUAHOMY CepeaoBULL Npu AodaBaHHi razonoaibHoro giokcuay Cipku
abo cipuaHoT KUCnoTH,

MeTan, Takui K UuMHK abo marHii, BmaoByBaloTb i3 COMbLOBOrO XMOPUAHOMO PO3YMHY Yy BUrNAAI coni 3
HEBENUKOI KINbKICTIO rigpaTtHOT BOAK, WO NiggalTb TEPMIMHOMY PO3KNadaHHIO, NOBTOPHOMY PO3YUHEHHIO B
PO34UHI cynbdpaTy Ta enekTponidy 6e3nocepeaHbo 3 OAEPKAHOTO PO3UMHY, ab0 y BUrNaai KOMepLUinHUX NPOAYKTIB,
y Burnagi cynedaty abo cynedity, a6o nicna TemnepaTtypHoOro posknagaHHsa 4o okcuay.

[aHuit BuHaxig 6yae AoKnagHO ONUMCAaHO HUXKYE Y BUMMSAI AeKINbKOX HE 0BMEXYIOUMX NpuUKnagis.

BescynbgigHi pyau

Y nepwomMy BapiaHTi 3AiiCHEHHS 4AHOr0 BUHAXOA4Y MPOMOHYETLCSA CMOCIO BUITYrOBYBAHHA MArHil0, a TakoX
NPUHANMHI OeaKoT KINbKOCTi UiHHMX Hikeno Ta kobanbTy 3 6e3cynbgiHuX pya, Takux K naTtepuTHi pyau,
NUMOHITOBI, OKCUAHI pyau i/abo cunikaTHUX Canponitie, y BUXIQHOMY cepefoBULL XMOPUCTOBOAHEBOT KUCIOTMU.
OCHOBHUM areHTOM BWAYrOBYBAHHA € iOH TiAPOKCOHIID, LLO YTBOPKOETLCA B MPUCYTHOCTI XNOPUAIB, NPUCYTHICTL
AKMX NOB'A3aHa 3 HAABHICTIO BflIACHUX AOMILLUOK, HAcaMnepe Xnopuay MarHito.

Mepepobka 6escynbiaHnx MaTepianis AOKNAAHO ONMUCAHA HUXKYE HA MpuUKNagi Hikeneeol naTeputHoT pyau.
Cnedianictam y JaHiin ranysi TeXHikM € OQYEBUAHMM, LLUO AHANOM4yHUM CnOCcoBOM MOXHA nepepobnaTH iHLWi
6e3cynbigHi MaTepianu, Taki Ak cunikatu UMHKy, 6OKCUTH i T.N. BUKOPUCTAHUIA NATEPUT TAKOX ABNSAE npuknag, y
AKOMY UiHHWA MeTan He € MeTanom, BUKOPUCTOBYBAHUM Ha CTadil KomneHcauil KoHUueHTpauii COnbOoBOro
XIOPUAHOTO Po3vuHyY. MpUHUMNOBA CXema npouecy nokasaHa Ha dir. 17.

PereHepaujs XnopucToBOAHEBOT KUCMOTU Ta BUAOOYBAHHA MarHilo, sk ONUCAHO BULLE, He nOoB'A3aHi 3
HaANULIKOBUM BUAANEHHAM BOAU NPW BUNAPIOBaHHI, TOMY WO CNoYaTKy BUAOGYBAOTL MarHiin npu O0CamxeHHi, a
He 3 enekTPONITHOro PO34YuHy Xnopuay marHito (axk y cnocobi Jaguar). OgHak B iHLWIOMY BapiaHTi kpucTanisadito
npu ynapioBaHHi (y Mexxax abo npu HEBENMUKOMY MepPeBULLEHHI YMOB CTAHAAPTHOrO BOAHOro BanaHcy) MoXHa
BUKOPUCTOBYBATU ANS 3HMXXEHHA BUTPAT Ha peareHTW Ha cragil XimivyHOT KpucTanisauii. Takui BapiaHT crae
MOXIUBUM 3a PaxyHOK OQHOYACHOrO edpeKTy BUXIAHOT KOHUEHTpaUil CONbOBOro PO34UMHY Ha CTYMiHb OCafKEeHHSA
COni NpK ynaptoBaHHi BOAN.

KoHUeHTpauil0 KACNOTU B COMBLOBOMY PO3YMHI XNOPUAY MarHito nicns BUYrOBYBAHHSA KOMMEHCYIOTb MNpu
JoJaBaHHi cipuaHol KucnoTu abo razonodibHoOro Aiokcuay Cipku, y pesynbTati ocamkyeTbes cynbdat abo cynbdir
MarHil0 3 HU3bKUM CTyNeHeM rigpaTtauil Ta y po3uuHi yTBOPIHOETLCA XNOPUCTOBOAHEBA KUCHOTA.

3anuwok nicna  BUIYroByBaHHA nateputy o6poGnsaloTb Ha HACTynHiA crapiil BUNyroByBaHHsA, LWWO6
MaKCUMAanbLHO MiABMLWUTY BUXIZ Hikento Ta kobanbTy.

Y Bunagky cynepaty ekcnepumeHTanbHi aadi Linke i Seidell (1965) ceiguaTb npo Te, WO KisepuT (MoHorigpat
cynbaty marHito) € kpawpum npoaykToM Kpuctanisauil npu niasuwieHin Temnepatypi (npubnusHo 100°C), wo
JO3BOJISIE 3HU3UTU A0 MIHIMYyMY €HeprosBuTpaTi, HeoOXigHi AN NPOXXaplOBaHHS 3 YTBOPEHHAM MarHesil (okcuay
MarHil0, AKMA 4aCTKOBO HaNpaBnAlTb Y PELMPKYNALIAHY CUCTEMY AK HEWUTPAani3ylUuuid areHT) i JioKCUAy CipKu.
CnpouwleHa cxema peakuii nokasaHa HuxK4e:

MgClz  + H2804 - MgSO4-H0 + HCI
Xnopua  CipyaHa kucnota KizeouT XnopucrtoeoaHesa (3)
MarHito a6o SOz P KucnoTta

TakuM crnocoBoM OAEepPKYIOTb KPUCTAMIUHUA NPOAYKT i3 3aranbHUM BMICTOM Xxnopuay meHw Hik 0,01%.
YctaHoBneHo, wo cniskpuctanisauia Ni y KpuCTaniyvHid CTPYKTYPI Ki3epUTY 3HUXKYETBCA A0 MIHIMYMY npu
npoBefeHHi 3asHadveHol peakuii npu Temnepartypi, O6nM3bKOT OO0 TemnepaTypu KUMiHHA pPo34vuHy (abo npu
nigBULLIEHUX TemnepaTypi Ta TuUcKy). MepeabayaeTbCs, WO 3 BUKOPUCTAHHAM 3a3HAYEHOro Cnocoby MOXKHa
ofepKaTth OKCUA MarHitd 3 BUCOKUM CTYMEHEM YUCTOTU, AKUA MOXKHA BUKOPUCTOBYBATU AK KOMEPLIAHWUIA NPOAYKT
i/abo AK HelTpani3ytouuMil areHT. B iHWOMY BapiaHTi, SIKWO BTPATM HIKENM € HEenpunycTUMUMU, TO HiKenb
BUAANAIOTL Nepen Kpuctanisauietd 3 BUKOPUCTAHHAM XIMIYHUX METOAIB, HAnpuknag, iOHHOro obmiHy, ekcTpakuii



PO3YUHHUKOM, AUPY3INHOTO HACUYEHHA (UEeMEHTYBaHHA), ocagkeHHa W T.n. Kpim TOro, BiQHOCHO Jopory
XNOPUCTOBOAHEBY KUCMNOTY PEreHepyloTh i3 BUKOPUCTAHHAM CipvaHoi Kucnotu abo giokcuay Cipku, siki € BigHOCHO
JeLleBUMU Ta AOCTYMHUMU peareHTamu.

Mapa Fe®*/Fe® y conboBiii CUCTEMI Bilirpae Haa3BUYANHO BaXKNUBY PONb Y 6e3nocepeaHbOMY BUKOPUCTAHHI
Jiokcuay cipku aAns ocamKeHHs cynbdpaty abo cynbdiTy. Y BiACYTHOCTI iOHAa TpUBANEHTHOro 3anisa 34aTHICTb
po3uuHy abcopbyBatu Jiokcua CipkM HAA3BUYAWRHO Mamna B po3vMHAX 3 BUCOKOIO BUXIAHOK KOHUEHTpaUieo coni,
T06TO abcopbuia B aaHiii cuctemi HeedpekTuBHa. OgHAK Y NPUCYTHOCTI iOHIB TPUBANEHTHOrO 3anisa BiabyBaeTbesa
6e3nocepenHsa abcopbuis rasy po3vynMHOM 3a paxyHOK peakuii BiGHOBMEHHSI TPMBANEHTHOTO 3ani3a y ABOBAleHTHE.
3asHauyeHa peakuis CynpoBOMKYETLCA 3MiHAMKU B PO3YUHI, K, Y CBOK 4epry, nNpuBoAATL A0 Kpaworo
BUCANOBaHHA cynbdaTy abo cynbity marHito.

Cnoci6 3a gaHMM BUHAXOAOM, ONMUCAHUIA Y AHOMY KOHTEKCTI, MoKa3aHuit Ha Pir. 11 i 3aCHOBAHWIA HA HU3LKINA
PO3YUHHOCTI CcynbaTy MarHilo B PO3YMHI B MPUCYTHOCTI BENUKUX KiNBKOCTEN XNOopuay MarHilo y BUXIZHOMY
PO34unHi. logaBaHHA CipY4aHOT KUCAOTU B HACUYEHWIA PO3UUH ANA BUNYrosyBaHHs (PLS) npuBoaUTL A0 OCAOXKEHHSA
cynbdarty npu ogHOYACHIN pereHepauii XnopUCTOBOAHEBOT KUCINOTU, AKY MOBEPTAIOTL Y PEUUPKYNALIAHY CUCTEMY
ONa MOBTOPHOrO BUKOPUCTAHHA Ha cTadil BMMYroByBaHHA B aTMocgepHux ymoBax. Ha &Pir. 12 nokasaHa
nepeabavyBaHa 3MiHAa PO3YMHHOCTI cynbdaTty MarHilo npu niaBMWEHHI BUXIAHOrO BMICTY Xnopuay npu
BUKOPUCTAHHI KOMepUiitHOro nporpamHoro 3abeanedeHHsa AspenPlus, npu3Ha4YeHoro Ans MoAentoBaHHs nNpouecis.

OcagkeHuin cynbgaT MarHito y CBOK 4Yepry niagactbca TEPMIYHOMY PO3KMagaHHK 3 YTBOPEHHAM MarHesii
(okcuay MarHito) (ans BUKOPUCTAHHA SK HEATPami3ylodoro areHTy) i razonoaibHoro giokcuay cipku. MasonogiGHui
AioKCUA CIpKM NEepeTBOPIOOTbL Ha CipyaHy KUCMOTY Ha YCTaHOBUI ANA pereHepauii KACAOTU W MOBTOPHO
BUKOPUCTOBYIOTb Ha cTagii XiMiYHOro ocagkeHHs cynbarTy.

KpiM 3MiHM TemnepaTtypu Ta BMICTY BOAW, BaKNUBUM nNapameTpoM Yy CXemi Mpouecy € KOHUeHTpauis
CONbLOBOIO PO34YMHY. | HaBNAaKK, y NPOLECI 3 BUKOPUCTAHHAM CynbdaTy, TakoMy K npouec Skye, CTyneHamu Boni €
TiNbkM Temnepatypa Ta BMICT BOAM. Y UbOMY BuUNaaky HeobxiaHo aopaeatu OBinbli KinbkocTi Bogu ans
3anobiraHHsa HeBaxkaHOT kpucTanizadil B noTouj, i, 0TxKe, iCHye HeoBXiaHICTL BUAaneHHs GinbLumX KinbKocTeh Boau
(Ha kr o6pobneHol pyau) aAna JOCATHEHHs HeobXigHOro piBHA KpucTanisauil 3 ynaptoBaHHAM. BanueicTe Takoro
"HeraTUBHOrO" epekTy BOAM 3HAYHO MIABULLYETLCA NPWU MiABULLIEHHI BMICTY MarHio B pyai. Hasnaku, y gaHomy
BUHAXOAi NPOMOHYETLCA CTadis XiMiYHOT KpucTanisauii, a He npouec ynaptoBaHHs, Takum YMHOM BOAHMIA BanaHc
He 3anexuTb Big BMICTY MarHito B pyaHiid cupoBuHi. Kpim TOro, BHacnigok BUCOKOT BUXiAHOT KOHUEHTpaUiT coni B
cnocobi 3a AaHUM BUHAXO0AOM BMHUKAE OQHOYACHUIA eddeKT y Npoueci ynapioBaHHs, KUl 3HAX0AUTbLCA B CTPOTIN
3anexHocCTi Big BOAHOro 6GanaHcy, WO NPUBOAMTL A0 OCAmKeHHs OinblIoT KiMbKOCTI cymnbdhaty MarHito.
3asHaueHuin edpekT KOMNeHcye HeeheKTUBHICTL XIMIYHOTO oCaaKeHHs (BHACNigoK HeBGaXkaHoT PO3YMHHOCTI), npu
UbOMY He NOTpiGHO 3HA4YHO 36inbLyBaTU BUTPATU HA eHeprito napu. OTxe, CUCTEMa HA OCHOBI 3MiLLIAHOTO XIopua-
cynbaTtHOro enexkTponiTy NiaBuLLye eKcnnyaTauilHy THY4YKIiCTb MpoUecy B MOPIBHAHHI i3 NPOCTUM NPOLECOM i3
3aKPUTOI0 CUCTEMOLIO 3 BUKOPUCTAHHAM CynbdpaTy (ame. cnocib Skye).

Y ubomy BMNagKy NPUrHIYYETbLCA PO3YUHHICTE Ccynbdgaty B cUCTEMI NpU NIATPUMUI BUCOKOT BUXIQHOT
KOHUEHTpaUil xnopuay B CUCTEMI. Y TOI K& 4ac BUCOKA BMXiAHA KOHUEHTpauia xnopuay npueoguTb A0 BUCOKOT
AKTUBHOCTI NPOTOHIB | HU3bKOT aKTUBHOCTI BOAW. Ha ®ir. 13 nokasaHO TPUBUMIPHUIA rpadpik 3anexKHOCTi akKTUBHOCTI
NPOTOHIB BiA TeEMNepaTypu Ta KOHUEHTpaUiT Xopray mMarHito.

OaHa mopgenb Gyna po3pobneHa cneujanbHO ANS OLUHKM AKTUBHOCTI OKpPeMuX iOHiB H* B enekTponiTHii
cuctemi HCI-MgCl2-H20. Ha &ir. 13 nokasaHo, WO aKTUBHICTb OKpPEMUX iOHIB H* (AKa € BaXkKnNMBUM NapameTpoM,
X04a He €QMHUM, SIKUIA BU3HAYAE LUBUAKICTb PYAHYBAHHA naTteputy 3 MeToto BuaoOysaHHa Ni) niaBuyeTbCs npu
JojasaHHi BuxigHoi coni, TakoT sk MgClz. Mpu 65°C i B npucytHocTti 1M HCI cnocTepiraetbca aecsiTukpaTHe
3pOCTaHHA Takol akTUBHOCTI. Ha »>kanb cnocrepexyBaHUMN eekT 3Ha4yHO 3HWKYETBCA Npu  NiABULLEHHI
Temnepatypu. OTXe, iCHye pABa npoTunexHux edpektu: 3 MeTo 3abe3aneyeHHs BUCOKOT aKTUBHOCTI H*
BUMYTrOBYBAHHA CNia NPOBOAUTU MPU 3HKEHIR TeMnepaTypi, i 3 iHWoro 60Ky 3 METOI0 nepeBULLIMTU Bap'ep eHepril
akTusauil Ha rpaHuui noginy TBepAa pevoBUHA/pigMHA BUIYrOBYBAHHA CRig MNPOBOAMTU NPU  NiABULLEHIN
Temneparypi. MNMpoTe, Npu NPOBEAEHHI BUAYroByBaHHA, Hanpuknag, npu 85°C, akTusHiCTb H* nigBuwyeTbCA
NPakTUYHO Yy ABA pasu B NOPIBHSAHHI 3 akTUBHICTIO B uucTin cuctemi HCI-H20. Leit chakt craHoBuTL ocobnusuii
iHTepec, TOMY WO aHanoriyHa "arpecuBHICTL" NPOTOHIB HE peani3yeTbCsa B YUCTIN cynbgaTHiin CUCTeMi.

Ha @ir. 14 nokasaHO, WO nNpU MOPIBHAHHI ABOX CUCTEM B ENEKTPORITHIA CUCTEMI XMOPUCTOBOAHEBA
KUCNOTa/XNopua, MarHilo CrnocTepiraeTbCs 3Ha4yHO Oinbll BUCOKA KOHUEHTPAUis NPOTOHIB Y MOPIBHSAHHI 3
€KBIBANEHTHOK  KOHUEHTpauield cipyaHoi KWUCNOTM B  CUCTEMi  MarHin/cynbgar. OCHOBHA npuyuHa
crnocTepeskysaHoro edekty nonarae B cneyudivyHOCTi pisHUX iOHIB B enekTponiTi: 38'a30k H*-Cl- € cnabkum, y Toi
yac sk 3B'a30k H*-SO4> € cunmbHuUM @ "3axonnioe" Ginblly 4acTUHY NPOTOHIB 3 YTBOPEHHAM GicynbdaTHoro
koMmnnekcy, HSO4~. TeHaeHuia Ao yTBOpeHHA BicynbdaTHOro ioHa NpuUBOAUTE A0 BiAHOCHOT crabocTi cipyaHoi
KMCROTK, HAacaMnepea nNpu BUCOKUX KOHUEHTpaUiaxX cynbdarty MarHito Ta BUCOKi TeMmnepaTtypi.

Cnoci6 3a gaHUM BUHAXOAOM, Hacamnepen, npusHaveHuin ans obpoBKU B MPUCYTHOCTI AOMILLOK, TaKUX SK
HaTpiil i kanbuiid, Ha BiAMIHY Big YMCTOrO XNopuaHoro cnocoby, Hanpuknaa, cnocoby Jaguar. Y cuctemi 3a gaHum
BMHAX0AOM NMOBUHHA GYTU NMPUCYTHLOIO AOCTATHA KiNbKICTh CynbdaTy AN YTBOPEHHA SAPO3UTY HATPIl0, 3 AKOro
pereHepyeTbLCsA XNopua MarHito 3a HaCTyMHOK CXEMOIO;

6FeClagogn)+4 MgSO4(BO,qH.)+2 NaClgogn)+12H20—
—>NazFes(SO4)4(OH)12qe)+4MgCl2@ogny+12HClEoan)

LINCHO, Kpallol € NPUCYTHICTb AO0CTaTHLOT KiNbKOCTI cynbdaTy B ymMOBaxX 3as3HauyeHoi Buuwe peakuii ana
3aMillleHHs1 BCiel KiNbKOCTI BUTpayeHoro xmopuay B cuctemi. Mpu HeobXiaHOCTI B CUCTEMY A0AAlOTb HEBENUKY
KiNbKICTb Xnopuay Hatpito ansa 3abesneveHHs UMpKynsauil 4OCTaTHbOT KiNbKOCTI iOHIB HATPilO Ha cTaail BuganeHHs
3anisa. Heeenuka KinbKiCTe XNOpUAY KanbLUild B PO3YMHI OCAIKYETLCA 3 YTBOPEHHAM HEPO3YMHHOrO cynbdparty
Kanbuilo Npu goaasaHHi CipyaHOi KUCNOTU Ha cTaail XiMivHOT KpucTanisauil. Hespaxatoun Ha Te, wo cynbdgat
Kanbuilo He po3KnagaeTbCA OOHOYACHO i3 cynbdpaTOM MarHilo, PO3XOMKEHHA MOXHA KOMMEHCyBaTu npu
CManioBaHHi eKBIBANEHTHOT KINbKOCTI eneMeHTapHOT Cipku. Takum 4YMHOM, KpiM edeKkTuBHOT 06pOBKM OCHOBHUX



JOMILLUOK Y CUCTEMI, BTpaTK XNOpuAy Ta cynbdaty KOMNEHCYIOTLCA NpY AO0AaBaHHI AELUEBUX PeareHTiB, Takux K
XI0pWA, HaTpil0 Ta eneMeHTapHa cipka, BianosigHo. BiAHOCHO iHWKXX AOMILIOK, MapraHeus ferko BuaanseTsca B
NPUCYTHOCTI HAaANMMWLIKOBOT KinbKocTi SO2 (ANA OKUCHIOBAHHA B NpuUcyTHOCTi SO2/02 o MnOz2), 6€3 HeobXxigHOCTI
crneyjanbHUX BUTPAT HA MOro BuaaneHHsa. 3 nornaay OXOPOHU HABKOMWULLHBLOMO cepefoBuLlla Ta 3 €KOHOMIYHOT
TOYKU 30PpY BAXKIIMBUM € BIACYTHICTb pPigKuX BigBiAHUX NOTOKIB.

Mpu NpoXkaploBaHHi 0CaAXKEHOr0 MarHieBoro NPOAyKTYy ANa po3KknajaHHS igeanbHOro NPoAykTy B peakTopi i3
ncesao3pimpkeHum wapom (900-1200°C) noTtpibHo 1,5-4 mMonb BoAM HA 1 MOMb MarHito. 3asHadyeHa MeToauka
onucaHa B nateHTi US 4096235, aka y noBHOMY 06cCAa3i BKNIOYEHA y AaHUR OMUC SIK NOCUNAHHA. YacTkose
perigpaTtyBaHHa MOHorigpaty (418 ogepXXaHHa NPOAYKTY 3 ONTUMAarbHUM CTYMNEHEM rigpaTyBaHHS AN TEPMIYHOIO
pO3KNagaHHA) JOCATAETLCA NPU KOHTPONI Yacy KOHTaKTYBAHHS KPUCTaNIYHOrO NPOAYKTY OCAMXKEHHS i3 npuaaTHUM
BOAHUM cepegosulieM. MeToauka pereHepauii cipdaHoOi KACMOTWM 3 AIOKCMAY CIpKW, LU0 YTBOPKETLCA NpuU
npokaptoBaHHi cynedary/cynbgity, € BigoMOI0 Ta J03BONAE NOBTOPHO BUKOPUCTOBYBATU CipydaHy KUCNOTY, AKLLO
Le BUnpaBaaHo 3 eKOHOMIMHOT TOUKK 30pYy.

OcHOBHa nepeBara BUKOPUCTAHHA cynbdaTy/cynbdiTy MarHito ana posknagaHHa 40 okeuay MarHiio nonsrae y
TOMY, WO NOTPIGHIi 3HAYHO MeHWi eHeprosBuTpaTi (y MOPIBHAHHI 3 MiPOrigponi3oM po3dMHY XIOpUAY MarHito, K
onucaHo B cnocobi Jaguar) y 3B'A3Ky 3 BuaaneHHsMm Bogu, To6To TiNbKK rigpatHol Bogu. TakuM YMHOM OAEPKYIOTb
OKCUA, MarHito BUCOKOT AKOCTi ANS BUKOPUCTAHHA AK KOMEPUIRHUA NPOAYKT.

TepMiyHe posknagaHHAa cynbarty MarHito € BiGHOCHO NpocTUM npouecom. Ha @ir. 15 nokasaHa XxiMmivyHa
Moaens HSC ana TepmivyHOro posknagaHHs B NPUCYTHOCTI BYrNeu K BigHOBHUKA. KiHeTUKa TEpPMiYHOro
posknagaHHa, HagiTb npu 800°C, € Ayxe WBWMAKOK, TOMY Cynb(aT MarHilo, Lo 0CagXyeTbCs, YTBOPHOE
Hag3BUYaNHO TOHKI AucnepcHi vactuHkd (<10 mkm). Ha &ir. 16 nokasaHo, WO OCagXXeHHA nNpu HU3bLKIRA
Temnepartypi (65°C) npuBoauTL A0 YTBOPEHHS TOMNKOMNOAIBHMX 4YacTUHOK rekcarigpaty Ta Hag3BUYaAMHO TOHKUX
AUCNEPCHUX YaCTUHOK MOHoriapaTy. OcafyKeHHs i3 CONbOBUX PO34YMHIB Npu Ginbl BUCOKMX TemnepaTypax (110°C)
NpUBOAUTL OO YTBOPEHHS TiNbKU MOHOrigpaty, 10610 kizeputy (MgSO4-H20). Takum YMHOM MOKHA NPUNYCTUTH,
WO eHepris TePMIYHOTO po3knagaHHa B cnocobi 3a BUHAXOOAOM Huk4e eHepril 3a cnocobom Skye, y skomy
NPUHAWMHI 2 MONEKynu rigpaTtHOT BOAM NPUCYTHI B OCamKeHin coni. byab-aka KinbKiCTb Xropuay MarHito,
acouiioBaHOro 3 HeBENMKUMU YaCTUHKAMM, NigAAaETbCA Miporiaponisy 3 yTBOpPeHHAM rasonogiGHoro HCI, akui
MOXHa HanpasnaTu B peUUpPKYNaUinHy cuctemy. TUNOBUIA cknag ocagyXeHoro cynbdaty (3a ekcnepumMeHTanbHUM
JaHumu) sknovae: 17,1% Mg, <0,05% Fe, 0,1% Ni, <0,05% Co, 2% Cl, 3 ypaxysaHHaM GanaHcy cynbaris i
BOAWU. BMICT Hikento B ocamKeHill COmMi 3anexuTb Big TemnepaTtypu: WOro BMICT 36iNbLUYETbLCA NPU 3HUMKEHHI
Temnepartypu Kpuctanisauii.

BukopucTtoBytoTb Ginbll Aellesi gkepena nanuea, Taki sk Baxkke HadpToBe nanuso (HFO) i Hacamnepen
BYTINNA HU3bKOT AKOCTI. Byab-sika KiNbKICTb CIPKM B CKNadi BYFiNNA OKUCHIOETBLCA 3 YTBOPEHHAM SOz i, oTxe,
NPMBOAUTL A0 3HWXKEHHSA BUTPAT HA A0AAaBaHHS AO0AATKOBUX PEareHTiB, WO MICTATb CipKy.

Ak 6yno 3ragaHo BuLLE, OCHOBHA nepeBara npu ekcnnyartauil XnopuaHoT cuctemu nonsirae B TeHAEHUT Ao
JerigpatyBaHHa TBepaol dasu B piBHOBA3i i3 CONLOBUM PO3YMHOM. Kpim yTBOpEHHS KisepuTy (MOHorigpaTy) abo
HaBiTb 6€3BOAHOT coni npu KpUcTanizauil, Npu rigponisi 3aniza B aTMocepHUX yMOBaX YTBOPIOETLCA remaTuT. BiH
€ Kpawwum npoaykToMm Trigponisy He TinbkM 3 MOrMaay OXOPOHWM HAaBKONMUWHLOIO cepeaoBulla, ane i
XapakTepuayeTbCsa MOMIMWEHMMU  XapakTepuUcTUKamMu ocamkeHHss Ta pinbTpauil B NOpPIBHAHHI 3 GinbLl
renenoaibHumMu abo rigpatoBaHUMKU ocagamiu, WO YTBOPIOOTLCA B YUCTI cynbdaTHi cuctemi. CnocrepexyBaHe
ABULLE MPUBOANUTL TAKOX A0 YTBOPEHHA TBEPAO0dA30BOro KEKY 3 MEHLUMM BMICTOM BOSOTM W, OTXKE, A0 3HUKEHHS
BTpAT UiHHUX peareHTiB y CUCTEMI.

[HWKUM BaxknueBuM PAKTOPOM € TeHAEeHUi Hikenmo Ta kobanbTy cninbHo abcopbyBaTUCA B KPUCTaNiYHIN
CTPYKTYpi rigpokcuay 3anisa (lll) i reTuty, y TOI 4ac Ak (aHanorivHo NpUpoOaHUM npouecam) reMaTuT NPakTUYHO He
3paTHUAR  cninbHO abcopbyBatu 3a3HadeHi cnonyku. Kpawe ocagkeHHs remartuTy i3 COJbOBOrQ pPO34YUHY
HacaMnepen AOCAraeTbCs Npu KOHTPONLOBAHOMY OCAXKEHHI B yMOBAX HAAJULLKOBOrO HACUYEHHS NpW A04AaBaHHI
3aTpaBky AN Kpuctanisauii rematuty B npoueci rigponisy 3anisa (aus. ctartTio Riveros and Dutrizac, 1997).

MpuHUMNOBaA cxema npouecy nokasaHa Ha @ir. 17. BUKOPUCTAHHA PEeUMPKYNALIRHOT CUCTEMKW B peakTopi npu
aTMoCepHOMY TUCKY A03BONSE MAKCUManNbHO 36iMblUMTM 4ac KOHTAKTYBAHHA XMOPUCTOBOAHEBOT KUCNOTU Ta
3BECTU A0 MiIHIMYMY BUTpaTK Ha peareHTu ANna HeaTpanisauii (BHYTPILLHE peUnpKYnALUinHE 3aBaHTaXXEHHS MarHito
Ha 1 oAuHMLUIO Macu o6pobnoBaHoT pyau) y cuctemi. HeldTpanisyotb Tinbku BigBigHWIA NOTIK AN riaponisy 3anisa
n notim ana BuaoOyBaHHA Hikento Ta koBGanbTy NpuM OCaXeHHi B npoueci rigponisy. Micna craail HelTpanizauil
BUKOPUCTOBYIOTb OAHY CTadil0 ynaploBaHHA Ana komneHcauil BoaHoro Ganadcy. MNpu xiMivHin kpucTanizadil B
pPo3LWEeNnneHoMy NOTOLi OCHOBHOT peuupKynsauiiHol cucteMun BiabyBaeTbCa pereHepauist eKBiBaneHTHOT KiNbKOCTI
CMOXXUBAHOT XNOPUCTOBOAHEBOT KUCNOTU+BTPATK i3 cuctemun. OcamxeHUin cynbar npoxxapoTb i3 YTBOPEHHAM
rasonofi6Horo SOz i okcuay marnito. MaszonoaibHuit SO2 NepeTBOPIOTE HA CipyaHy KUCNOTY HA YCTaHOBLi 3
BUPOBHULUTBA CipyaHOT KUCMOTU Ta MOBEPTAOTL Y KPUCTaMisaTop, y TOM 4Yac K YaCTUHY OKCUAY MarHito
HanpaBsnNATb Y PELUMPKYNALIRHY CUCTEMY ANA BHYTPILWHLOT HEATPanisauii. Hagnuwok oaepXaHoro okeuay marHito
BUKOPUCTOBYIOTb AK KOMEPLUINHUIA NPOAYKT.

Ba)xnusoto 0cOBNMBICTIO AAaHOTO BUHAXOAY € BiAHOCHA HE3amNEeXHICTb Big BMICTY MarHito B pyaHil CUPOBUHI, 1K
nokasaHo Ha @ir. 8. AKWO YyTBOPIOETLCA KEK MOHOTIAPATY Ha cTagil pereHepauii (TepmivyHe posknagaHHa cynedarty
MarHito), noTpidHe nue He3HauyHe ynapioBaHHA abo MOro 30BCIM BUKNIOYAKOTb i3 CUCTEMU, WO A03BONAE
06pobnsaTn canponiToBi Pyau BUCOKOT SIKOCTI | € 3HAYHOK MepeBarot BiAHOCHO MOTOYHMX BATPAT B aBCOMOTHUX
BEMMUUHAX 3a PaxXyHOK BUCOKOT BapTOCTi Hikeno. Huxue HaBeaeHuit nepenik BCiX HEOBXigHUX KpUTEpPITB, AKUM
3a0BOJLHSE CNOCIO 32 AaHUM BUHAXOAOM.

OCHOBHI ekcnnyaTauiHi kpuTtepii

- SHMXKEHHA KaniTanoBKnaaeHs Y NOPIBHAHHI i3 npouecamu HPAL i nnaeneHHa Smelting:

npu excnnyartaudii riapoMeTanyprinHoi yCcTaHOBKM He nNOTPIOHMA BUCOKMIA TUCK, a npu ekcnnyartauil
nipoMeTanyprinHoT yCTaHOBKU BUKOPUCTOBYIOTLCA TifIbKU CEPEdHi TeMNepaTypu,

He3Ba)alouu Ha Te, WO MPYM BUKOPUCTAHHI XMOPUAHOrO cepeaoBuLlia NOTPIGHI crneuianbHi KOPO3iRHOCTINKI
mMaTepianu, BCi cTaail npoBoaATb B aTMOCIEPHUX yMOBAX.

- SHMXKEHHA eHeproBuTpaT Y NOPIBHAHHI i3 npouecom Smelting:

npu AoA4aBaHHI BIAHOBHUKA B CUCTEMY TepMiYHe po3knadaHHs AerigpatoBaHoro cynbdaty marHiio (abo



Takoro, WO MICTUTb HE3HAYHY KiNbKICTb rigpaTHOT BOAU) AOCAraeTLCA NpU TemnepaTypi MeHL Hixk 800°C,

KinNbKICTb eHepril, Wo BiaXoaAuTb Ha cTaail posknagaHHa npy BUCOKIA Temnepartypi, NOBHICTIO BUTpaAYaeTbCA Ha
HarpiBaHHA B rigpoMeTanypriiHin CUCTEMi 3 BUKOPUCTAHHAM BUMNAPHUKA HA BTOPUHHUX EHEPropecypcax,

BUKOPUCTOBYIOTb HU3BLKOSIKICHE BYrinns, WO MICTUTb CipKy, K BIZHOBHUK A nanuso ana 6e3nocepeaHboro
crnanioBaHHA B MeYi ANa TEPMIYHOMO posknagaHHs.

- SHMXKEHHA BUTPAT Ha peareHTu B NOPIBHAHHI i3 npouecom HPAL:

npu TepMivHOMY poO3KnagaHHi cynbdpaty marHilo BigbyBaeTbca pereHepauia cynbdaty (Ha ycTaHoOBUI Ans
OAEp>KaHHA CipYaHOT KUCAOTK) | HENTPANI3YUOro areHTa (OKCua, MarHito),

JoJaBaHHA 404AaTKOBOT Cipku 06MEXeHO CTaHAAPTHUMM BTpaTamu i3 3aMKHYTOT CUCTEMU, SIKI KOMMEHCYHOTLCSA
npu cnanoBaHHI 40AAaTKOBOT KINbKOCTI Cipki (HEAOPOTUIA peareHT),

JOJaBaHHA [0[aTKOBOrO Xnopuay OOMEXEHO CTaHgapTHUMW BTpaTaMu i3 3aMKHYTOT CUCTEMHU, AKi
KOMMNEHCYIOTbCS A0AAaBAHHAM HEA0POroro Xropuay, Takoro K Xnopua, HaTpito,

OOMILLKKW, TaKi AK HATPIN | KanbUiid, BUAANAIOTL Ha cTadil BuaaneHHa cynedaTty (Apo3uTy HaTpito Ta cynbgaty
KanbUito, BiaANOBigHO), TOGTO HE NOTPIGHE BUKOPUCTAHHS BiABigHUX MOTOKIB.

- Buxig Bugo6yBaHHA Hikento Ta koGanbTy NOPIBHSHHI i3 npouecom HPAL:

6inbLlU BUCOKA aKTUBHICTL NPOTOHIB i, OT>Ke, GiNblU arpecuBHa CUCTEMA ANs1 BUNYTroBYBaHHSA (Y NOPIBHAHHI 3
ymoBamu 06po6ku pyau npu atMocepHOMy TUCKY B YUCTI cynbdaTHiil cuctemi),

He3Ba)kaloun Ha Te, WO KiHeTuka npouecy € BinbL NOBINbHOI B MOPIBHAHHI i3 npouecom HPAL, ueit Hegonik
KOMMEHCYETLCA 3a paxyHOK 36inblUeHHS pPo3MipiB peakTopiB ANa BUMYrOBYBaHHSA B aTMOcdepHUX ymoBax, To6To
Yyac KOHTaKTyBaHHA peareHTiB cTae BiQHOCHO AELUEBUM.

- PospineHHs piauHa/Teepaa dasa ta ctabinbHICTb 3anuLIKY:

NPOAYKTW Tigponisy 3anisa, ocCafyKeHi B MNPUCYTHOCTI XMOPUAIB, XapaKTepusylTbCca NOMiNWeHUMn
BNacTUBOCTAMU NPU OCaAKEHHI 1 pinbTpauil.

- OXopoHa HaBKOMULLHLOTO CepeaoBuLLa:

y XNOpUZHin cuctemi npu atMocdepHoMy MiaBULLEHOMY TUCKY YTBOPHOKTbLCA AerigpatoBaHi MNPOAYKTU
rigponisy sanisa, Taki a4k remaTuTt (CTINKUA B yMOBAX HABKOMULLIHLOTO CEpeaoBULLA),

cynbdar mMarHito posknagaerbca npu NigBULEHIn Temneparypi, Wo 3a40BONbHAE BUMOram, NPOnoHOBaHUM 40
KUCMOTU W HENTPANI3YIOMOro areHTa y BHYTPILUHIA CUCTEMI,

BUKOPUCTOBYIOTb 3aMKHYTY CUCTEMY, TOOTO BiACYTHI BiABIAHI NOTOKM B HABKOINULUHE CEPEAOBULLE.

- 36inbLUeHHS 4oxXoay Big NPOoAaky HIKEmo, 04epXXaHOro 3 MHOXUHU Pi3HUX TUNIB pyau:

He3aneXHiCTb Big BMICTYy MarHiio A03Bonsie o6pobnatv OAHOYACHO NMMOHITOBI Ta canponiToBi pyau, LIO
nigBuLLYE AOXOAU Big Npogaxy.

OBi npuHUMNOBI cxemu, po3pobneHi 3 ypaxyBaHHaM 6anaHcy maca/eHepris, nokasaHi Ha ®ir. 18 Ta 19. Ha dir.
18 npeacrtaeneHa saranbHa cxema 1. BuxigHy cinb 3a gaHUM BUHAXOAOM BUKOPUCTOBYKOTb ANA 3HUXKEHHSA
PO3UYUHHOCTI cynbdpaty MarHito. Kpucranizauiio npu ynaproBaHHi, 6€3 nepeBULLEHHS HOPMANbHOMO BOAHOTO
6anaHcy, BUMKOPUCTOBYIOTb ANS 3HWXXEHHA BUTpAT Ha cTagii XiMiYHOro ocamkeHHs, To6To ana komneHcauil
HeedpekTMBHOCTI cTagii ximiuHOT KpucTanisauii 3a paxyHok yTBopeHHs Bicynbdparty. Ha cxemi Ha ®ir. 18 nokasaHo,
WO MOXHA ePEKTUBHO BUKITHOYMTU HEOBXIAHICTL ynapioBaHHA BOAU, 3aNE€XHO Bid 3MiHU BMICTY MarHito B pyaHin
CUPOBUHI. Ha ®ir. 19 nokasaHWid iHWKIA BapiaHT CXeMu, 3 ypaxyBaHHAM HeedeKTUBHOCTI XiMIYHOT KpucTanisauii B
cepeaoBuLL 3 BUCOKMM BMICTOM KUCIOTU 3a PaxyHOK YTBOpPeHHs Bicynbdpaty. Ha uiil cxemi nokasaHuii HainbinbLu
HECNPUATNUBUIA BapiaHT i3 NOrnsaay pereHepadii peareHTis.

1. OuHamivHa xapakTepucTuka mMiHepanis

3pasku natepuTHoOT pyan AOCNiAXKyBanM Ha AMHAMIYHY CTilKicTb. BinBupanu 3 3pasku pyau ans noganblumMx
JOCnigXXeHb BNAWMBY COMbLOBOMO PO3YMHY 3 BUCOKOK BUXIAHOK KOHUEHTpauielo coni Ta Aaiokeuay Cipku.
JocnigaXXeHHa npoBOAUNM NPU BUCOKIA KOHUEHTpaUil Teepaux pedvosuH (30%) i KUCNoTu (KOHUEHTpauisa cipyaHoi
KUCNOTK cTaHoBUTL 2018 kr/T, xnopucrtosogHesol - 1500 kr/T, B 060x Bunagkax - 41,2 kr H*/T1).

Ona pocnigkeHb BUKOPWUCTOBYBANM CanporniToBy, 3amni3oBMiCHY Ta cunikatHy pyau Jacaré (Bpasunis).
BuxigHuit cknag KOMMNOHEHTIB Y 3pa3kax nokasaHui y Tabnuui 1.

Tabnuus 1
BuxigHuit cknag KOMMNOHEHTIB Y BUKOPUCTAHUX 3pasKax
3pasok Ni Co Fe Mg Al Si Cr Mn
Canponit Jacaré 1,60% | 0,07% | 12,81% | 17,43% | 0,61% [ 17,06% | 0,72% | 0,24%
3anisosmMicHa pyna Jacaré 1,14% 0,17% | 42,23% | 0,63% 1,25% [ 10,00% | 2,38% 0,85%
CunikatHa pyaa Jacaré 1,25% | 0,22% | 22,42% | 2,35% | 2,30% [ 20,92% | 1,09% | 0,92%

KOXXHUI 3pasok Jocnigaxxysanu B HACTYMHUX yMOBaXx:

1. BunyroeyBaHHS B NPUCYTHOCTI XNOPUCTOBOAHEBOT KMCNoTu (1500 Kr/T)

2. BunyrosyBaHHSA B NPUCYTHOCTI cipyaHoi kucnotu (2018 kr/t)

3. BunyrosyBaHHA B NPUCYTHOCTI XNOPUCTOBOAHEBOT KUCNOTU B COSMbOBOMY PO34YMHI BUCOKOT KOHUEHTpaui
(1500 kr/T HCI, 2M MgCl2)

4. BunyroByBaHHA B NPUCYTHOCTI XNOPUCTOBOAHEBOT KUCMOTU Ta SO2 y COMbOBOMY PO34YUHI BUCOKOT
KoHueHTpauii (1500 kr/t HCI, 2M MgClz, 20 kr/T SO2)

Jocnig>xeHHa npoBoAUNKU B CKNSAHOMY peakTopi 06'€eMOM 2 N, OCHALWEHOMY MACMSHOK COPOUKOLD, Yepes Ky
LMPKYM0e Macno 3 TepMocTara 3 NeBHOK TeMnepaTypoto. Bei gocnigaxxeHHa nposoaunu npu 85°C Ta Ha nepLuii
cragit ogepxkysanu nynony 3 300 r pyau y surnagi 30% cycneHsii (Teepga pevoBuHa/Tsepaa pevosuHa+sona) y
BOAi. 3aBUCL CYCMNEHAYIOTb 3 BUKOPUCTAHHAM Millanky 3i ctaneBuM MOKPUTTAM i 3HIMHUMKM MOAINPONISIEHOBUMMU
nonatkamu. Kucnoty aogasanu 10 nopuiamu 3 iHTepeanom npotarom 1 rog. 3pasok cycneHsii o6'emom 40 mn
BigGupanu npu 3aBepLUEHHi KOXHOro iHTepsany (NS BU3HAYEHHSA BMXOAY eKCTpakuii metanis). Y BuxigHy
CYCNEH3i0 AogaBanu rekcarigpaT Xrnopuay MarHito, y Toii yac sik 6e3B0AHMIA XNOpuUa MarHito gogasanu B Cymiwli 3



KUCNOTOO Ana 3a6e3neveHHst NOCTIRHOrO PiBHA XNOPUAY MarHito B Xo4i AOCNIAKEHb Y CONbOBOMY PO3UMHI BUCOKOT
KOHUeHTpauii. Mpu HeobXigHOCTI AopaBaHHA AIOKCUAY CIPKM KOHTPOMIOBANM 3 BUKOPUCTAHHSAM MAacoOBOTO
BUTpaTomipa BpoHxopcTa.

a. PesynbTaTui gOoCnigKeHb canponitoBol pyau

Ha &ir. 20 Ta 21 nokasaHa epeKTUBHICTb eKCTpaKLUil Hikemno Ta KoBanbTy, CNOCTEPEXKyBaHA NPU AOCHIOXKEHHI
canponitosol pyau, BianosiaHO. Y XMNOPUAHOMY CepedoBULLi CNOCTepiraloTbCa BGinbll BUCOKI BUXOAM eKCTpakuil
060X MeTaniB He 3anexHO Big TOro, 4u MoOB'A3aHA BMCOKA AKTUBHICTbL KUCMNOTM 3 ioHamu xnopuay abo 3
YyTBOPEHHAM 6icynbhaTHoro komnnekcy B cynbchatHoMy cepeaosuuy. liaBULEHHA eeKTUBHOCTI ekcTpakuil
npubnusHo Ha 10% cnocrepiraeTbCa NPU BUKOPUCTAHHI BUXIZHOTO COMBLOBOMO PO3UYUHY B MNOPIBHAHHI 3
BUNYroBYBaHHAM TifMlbKM B XNMOPUCTOBOAHEBIN KUCNOTI. JogaBaHHA AiOKCMAY CIPKM HE BNNMBaE Ha e(PEeKTUBHICTb
eKCTpakuil Hikento, xo4a it NPUBOAMUTL A0 AESKOro NOninWeHHs ehekTUBHOCTI ekcTpakuil kobanbTy.

Ha &ir. 22 nokasaHuii npogpins ekcTpakuii BCiX MeTaniB y COfbOBOMY PO3UUHI 3 BUCOKOIO KOHUEHTpauieto. Mpu
JOJAaBaHHI HEBENUKMX KiNbKOCTEN KUCMOTKM i3 canponity BUBGIPKOBO eKCTparyeTbCsl Hikenb, MOTIM MapraHeupb i
MarHiin. BubipkoBicTb 3MeHLWYETLCA 3i 36iNbLUEHHAM KiNbKOCTI 4oAaHOT KUCNOTK Ao 26 kr H7T, AogaBaHHA KUCMNOTK
6inbLwe 26 kr H*/T He BnnuBae Ha Npodine ekcTpakuii.

6. Pe3ynbTati AocnigkeHs 3anisosMicHol pyau Jacaré

Ha ®ir. 23-25 nokasaHi pesynbTat JOCNIAXKEHHA NUMOHITOBUX pya. Oaep kaHi pesynbTaTu ekCTpakyii Hikeno
aHanorivHi pesynbTatamM JocnigXeHb canponitosoi pyau. OaHak y BUNagKy NMMMOHITOBOT pyau cnocTepiraeTeca
3HaYyHe 36inblUeHHA eeKTUBHOCTI eKCTpaKLil B XNOPUAHOMY CEPEeAOBULLI Ta 3HAYHE PO3XOAXKEHHS B pe3ynbTrarax
eKcTpakuii XMopUCTOBOAHEBOK KWUCIOTOK Ta Cip4aHOK KWUCMOTOK. SAK |y BUNagKy canponitoBoi pyau,
cnoctepiraetbca 10% 36inblUeHHA ePEeKTUBHOCTI eKCTpakuil B CONbOBOMY CepeAoBULLi NPy BigCYTHOCTI BNAMBY
diokeuay cipku. 36inblueHHsa edpekTUBHOCTI ekcTpakuil Co cnocrepiracTbCa Npu AOAABAHHI Aiokcuay Cipku B
CONbOBMIA PO3YUH. Ha Pir. 25 nokasaHa He3Ha4yHa CENEKTUBHICTb Y COMbOBOMY PO3YMHI 3 BUCOKOK BUXIQHOWO
KOHUeHTpauieto coni. Mpodinb ekcTpakuii npakTUYHO He 3MIHIOETLCA NPU AoAaBaHHI kKMcnoTu Ginblue 26 H*/T.

B. Pe3ynbTaTun gocnigxeHb cunikatHoT pyau Jacaré

Mpodpini ekcrpakuii Hikemo Ta koBaneTy nokasaHi Ha ®ir. 26-28. OpepxaHi pe3ynbTat aHanoridHi
pesynbTatam gOCnigKeHb 3anizoBMICHOT pyau.

PesynbTaTtit OLUiHKM AMHAMIYHOT XapaKkTepUCTUKA MiHepanis:

- 3HayHe 36inbleHHA eeKTUBHOCTI eKCTpakUil HIKeM CnocTepiracTbCs npu 3amiHi CipyaHoT KMCMOTU Ha
XNOPUCTOBOAHEBY KUCIOTY B CONMbOBI CUCTEMI. AHAMOTIYHI pe3ynbTaTu oaepxkaHi y Bunaaky koéanbry.

- DoaaBaHHA giokcuay Cipku NpMBOAUTL A0 36iNbLIEHHS ePEKTUBHOCTI TiNbKKM Npu ekcTpakuil koGanbTy.

- EdpexTuBHiCTb ekcTpakuil Hikento i3 cunikatHol pyau Jacaré kopentoe 3 eeKTUBHICTIO ekcTpakuii 3anisa,
MarHil0 Ta mMapraHuio 3anekHo Bif BMICTY HIKento B NUMOHITOBIN, MarHii-cunikaTtHin ¢pasax i y ¢pasi rigpokcuay
MapraHuto, BianoBigHo.

- EdhekTuBHiCTL ekcTpakuil koBanbTy i3 cunikatHoT pyaun Jacaré kopentoe Tinbku 3 eeKTUBHICTIO eKkcTpakuil
MapraHuio Ta He 3anexuTb Bia po3noaineHHsa ko6anbTy B pisHUX casax.

2. XapakTepucTuka Kpuctanisauii

Y uei yac BigomMo Mano gaHux npo Po34UMHHICTL COMeil MarHilo B KUCNOTHOT xnopua-cynbdarHiin abo xnopua-
cynb®iTHOT BOAHMX cuctemax. Taka iHopmauisa HeobxigHa AnNa BU3HAYEHHS YMOB ekcnnyaTauil i iHterpauii
Pi3HMX BY3niB cuctemu. OCHOBHI napamMeTpu BKMIOYALOTb:

- Temneparypy,

- KOHUEHTpaUilo KuenoTu,

- KOHUEHTpauito xnopuay tTa

- KOHUeHTpauito cynbdaty/cynbity.

Cnovatky BubupaloTb MeHW cknagHy ABodra3oBy CUCTEMY Ha OCHOBI cynbdpaty, TO6TO cucTtema He MICTUTb
rasonodi6Ho’ cpasu. BuxigHi po3unMHU OAepKYIOTb MPU MOCTIMHIA KOHUEHTpauil Xnopuay MarHito ta pisHUX
KOHUeHTpauin cynbdaty mardito. Mpu niaBuLleHiin Temnepatypi 4oAal0Th CipyaHy KUCNOTY A0 NoYaTKy YTBOPEHHSA
ocagy. B oaepxaHoMy posuuHi BuaHadaoTe BMicT Mg?*, Cl, SOs% i BINbHOT KUCMOTW, | OAEPKaHY KiNbKICTb
BUKOPUCTOBYIOTb ANA PO3PaxyHKy BMICTY CMOMYKW MarHil0o Ta cynbdaTy, y TOW 4ac AK y TBepaid pedvoBUHI
BU3HA4aloTb BMicT Mg2*, Cl-, SO42,

XapakTepucTuka kpucrtanis

IHTerpoBaHa cxema BKIHOYaE 0OMEXEHHs1 BIAHOCHO eKcnnyaTauiiHuX yMOB KpucTanizatopa W BRacTuBoCTeEN
TBEPAUX PEYOBUH, WO YTBOPIOIOTHCA. Halbinbl BaXKNMBI XapaKTEpPUCTUKU KPUCTaniB, AKi HEOOXiAHO BM3HA4aTU
KinNbKIiCHO, NpeacTaBneHi HuxkJe:

- PosnogineHHa 4acTUHOK 3a po3MipaMu: AN OAePXKaHHSA MCEBAO3PIMAXKEHOro Wapy Ha NoBiTpi HeobxigHWUiA
BY3bKWI PO3MNOAIN YacTMHOK 3a po3MipaMu 3 AOCUTbE BEMUKUM cepedHiM po3MipoM. |Hakwe npoaykT nigdaerbes
TEPMIMHOMY PO3KNagaHHO B POTOPHIN nedi Ana sunany.

- KpucranorigpaTtHa Boaa: noTpibHUI MiHIMaNbHWMIA CTYNiHb rigpaTadil.

- BKnOUeHHs pigMHU: BUTOKM MaTOYHOTO PO34UHY HeOBXIiAHO 3BECTU A0 MiHIMYMY.

- dinbTpauitHa 34aTHICTL: 34aTHICTE A0 QiNbTPYyBaHHA € 3aneXHWM napaMeTpoM i NoninwyeTrsca npu
BUKOHAHHI HAaBeJEeHNX BULLE KPUTEPITB.

MepenbavaeTbes, WO XapakTepUCTUKU KpUCTanis, ogep)kaHux y nadopatopHomy Macwrabi (y cTaTU4HOMY
pexuMi) BiapisHAOTLCA Bid KpUCTANIB, OAEPXKAHUX Y peakTopi B 6e3nepepBHOMY PEXUMI.

Kpuctanu, ogepxahi B nabopatopHomy macwrabi (CTaTUMHUIA pPeXxum) 3BMYANHO € ApiIGHOAUCIEPCHUMU
(4acTuHku posmipom 10 MKM YTBOPIOKOTL arfnomeparu), Ak nokasaHo Ha &ir. 30. 3a pesynbTatamu XiMi4HOro
aHanisy MonsipHe CcniBBigHOLWIEHHA MarHi/cynbdaTt aopiBHoe npubnusHo 1 (~17% Mg + ~67% SO4), a BMICT
XI0puAY CTaHOBUTH MeHLW HiXX 2%. Kpuctanu, nokasadi Ha ®ir. 30, oaepxytoTe npu 110°C npu JopaBaHHi
KOHLEHTPOBAHOT CipyaHoi KUcnoTu B po3unH 6 monb/kr MgCla. OpepxaHi Takum cnoco6om Kpuctanu 3aHaaro mani
AnNa aHanisy okpemux kpuctanis (MiHiManbHWUA PO3MIP NOBWMHEH CTaHOBUTU 50 MKM), OQHaK AaHi, ogepxaHi 3
BUKOPUCTAHHAM XiMIYHOTO aHanisy Ta PEHTTEHOCTPYKTYPHOrO aHanisy (NopoLlKkoBa peHTreHorpama), csigyars npo
BiZNOBIAHICTL OCHOBHOT Macu NpoaykTy Kizeputy (MgSOa-H20).

3. JocnigxeHHs B CUCTEMI i3 3aMKHYTUM LIMKITOM



HdocniaXeHHA B CUCTEeMi i3 3aMKHYTUM LMUKAOM BUKOPUCTOBYHOTL [ANSA OUHKM B3aEMHOro  BMUBY
BUMYTrOBYBAHHA Ta KpucTanizauil, siki € gBomMa OCHOBHMMM CTagigamu crnocoby 3a gaHum BuHaxodom. Crtagito
HenTpanisauii BUKOPUCTOBYHOTb ANS KOHTPOSMO HAKOMUYEHHA 3ani3a Ta HIKEM B PO3YUHI NS peuuprynalinHoT
cuctemun. KOXKHMA UMKN BKAOYMAE NOCAIZOBHICTbL CTadid BUNYroByBaHHA, HelTpanisauii Ta kpuctanisauii 3
BUKOPUCTAHHAM Ha KOXHIA CcTaail po3unHy, oaep>kaHoro Ha nonepegHin cragii. MocnigoBHICTL CTadid NOBTOPIOTL
JeKinbKka pasis Ana JOCATHEHHS piBHOBAru.

P0O3X0mKeHHA B PO3UYUHHOCTI cynbgpaTy MarHito B PO34YMHI NS BUNYrOBYBaAHHA B NOPIBHAHHI 3 PO3YUHOM ANs
KpucTanisauii € gocratHiM Ana po3noAaineHHa BCbOro A0AaTKOBOrO MarHi, Wo notpannae B CUCTEMY. €AMHONO
MOMKITMBICTIO BUBEAEHHS1 MarHitl0 i3 cucTemMu € Kpuctanisauis. PoO3XOMKEHHA B PO3YUHHOCTI 36inbLuyeTbes
BHACNIAOK pisHUX Temnepatypu kpuctanisadii (110°C) i Temnepatypu BUnyrosyBaHHa (85°C).

JocnigxeHHa canponiToBoi pyau Jacaré npoBoasiTb ¥ 3aMKHYTOMY LMK NPU TYCTUHI TBepaoi pevosuHu 10%
(TBEpPAA pevoBUHA/TBEPAA PEYOBUHA+BOAA).

EkcTpakuyia Hikento nepesuwye 90%, a BUXigHY KOHUEHTPALUiI0 XNOPUCTOBOAHEBOT KUICAOTU NIATPUMYIOTL NPU
nocnigoBHOMY AOAaBaHHI Cipy4aHOT KUCNOTU Ta BUAANEHHI cynbgaTy marHilo Ha crtaail kpuctanisadii. YactuHa
BuaoOyToro (BiaBigHOro) po3vuMHy mnicna kpucranisauil nae Ha nNiATPUMKY KOHUeHTpauil 3aniza Ta Hikeno B
NEPBUHHOMY UMKNi, OAHAK 4Yepes TpU UMKNM KOMMEHcauis BOAHOro GanaHcy B NEPBUMHHOMY UMKNI CTae
BU3HA4YarnbLHOIO NpU NpoBeAeHHI npouecy B nadoparopHomy macwrtabi (cTaTudHuin pexxum). OaHak, pesynbTaru,
ogepaHi nmicns nepwux Tpbox uuknis (tabnuua 2) ceigyaTb NPO Te, WO NOCTIAHY KOHUEHTpAaUitlo BUXIZHOTO
peareHTy (XNOpPUCTOBOAHEBOT KUCNOTU) MOXHA MiATPUMYBATU NPU A0JaBaHHI CipvyaHOT KUCNOTU ANSA OCadyKeHHS
cynbdarty marHito.

Tabnuusa 2

PesynbTatn gocnig)KeHb y CUCTEMI i3 3aMKHYTUM LIMKITOM

BunyrosyBaHHA Kpucranisauia
Lukn Excrpakuist Ni |Excrpakuis Mg | Excrpakuis Fe | ,D,ona!_BaHHﬂ KinbkicTb KpI/ICTaJ'Ii‘.JHOT pe"‘JOBI/IHI/I Ha
CipyaHol kucnoTu OAMHULIIO MACU CipYaHOT KUCIOTH
1 96,0% 95,7% 92,5% 1000 kr/T 1,15 Kkr/kr 0,72 Mmonb\Monb
2 94.5% 93,2% 91,9% 1000 kr/T 1,51 Kkr/kr 0,99 monb\Monb
3 95,5% 94.,7% 92,5% 1000 kr/T 1,50 kr/kr 0,99 monb\mMonb
Cknapg canponitosoipyau:
Fe: 15%
Ni: 1.5%
Mg: 18%

['yCTUHA pO34YnHy Ansa sunyrosysaHHs: 10%.

CnocTepiracTbCa TaKoX YTBOPEHHA AEAKOT KiNbKOCTI KpucTanis cynbdpaty MarHiio npu HeuTpanisayil ana
BUAANEHHA 3anisa 3 BiABIAHOrO MOTOKY. OAHaK Taki KpUCTanu 3HOBY PO3YMHAKOTLCA W HanpaBnsalTbCA B
PELMPKYNAUIAHY CUCTEMY ANS NPOMUBAHHSA KIHLUEBOIO KEKY HEBENMUKOLO KiNbKICTIO BOAMU.

Y Tabnuui 3 nokasaHi cnonyku TBepAuX PEYOBUH, LLO YTBOPIOWTLCA NPWU KpucTanisayil nig 4ac OCTaHHbOro
UMKy ABOX AOCNIAXKEHb Y CUCTEMI i3 3aMKHYTUM UMKNIOM, npoBeaeHux npu 85°C ta 105°C, sianosigHo. B 060x
BUNAAKAaX YTBOPIETLCA CifMb MarHilo nNpu MONbHOMY CRiBBIAHOLWIEHHI MmarHii/cynbdar, Gnu3bkum A0 OAUHUL.
PesynbTat peHTTeHOCTPYKTYPHOrO aHanisy (aue. dir. 29) ykasyloTb Ha Te, WO Cinb, 0CagXeHa npu nigBULEHIR
TemnepaTtypi, CKnagaeTbCcsl B OCHOBHOMY 3 Kizeputy (MgSOs-H20).

Tabnuug 3
Cknagu TBepanX PEYOBMH, LLO YTBOPIOKWTLCA B KpUcTanisaTopi
Mg Fe Ni Cl SO4 H0* Mg:SO4 Mg:H20
85°C 16,5% 0,30% 0,22% 0,54% 64,4% 18,0% 1:0.99 1:1,5
110°C 16,4% 0,27% 0,08% 1,94% 67,0% 14,3% 1:1,03 1:1,2

* BMICT BOAMW BM3HA4Yanu BigHiMaHHAM CyMapHOro BMIiCTY KOMNOHeHTIB Big 100%.

4. Jocniga)XeHHSa i3 NPAMOI0 3aMiHOO CipYaHOl KUICAOTU Ha aiokeua Cipku

Y HaBefeHin Hx4e MeToauui OnMcaHe BUKOPUCTAHHA AioKcuay Cipku ana pereHepauii XnopuctoBoaHEBOT
KMCNOTK B 3MilWaHiin xnopua/cynbdartHin CUCTEMI 3 BUKOPUCTAHHAM OAEPXKAHOMO PO3UUHY ANS BUIYrOBYBaHHSA
UiHHUX MeTaniB 3 OKCUAHUX ab0 cynbiaHux pya.

Y nepwy 4epry Ha cragil pereHepauil KUCROTU nOTPiIGHe 3anizo (3+) Ansa WOro BUKOPUCTAHHS £K
Hocia/copbeHTy ansa rasonodibHoro giokcuay cipku. OCHOBHA KiNbKICTL 3arisza noTpannse B po3duH y Burnsai Fe
(3+) Ha cTapil BUNYroByBaHHA pyau, AK, HAnpuknaa, BiagbyBaeTbCa NPU BUNYTrOBYBAHHI OKCUAHUX pya, TaKUX SK
Hikenesi NUMOHITU. OJHaK, SAKWO OCHOBHA KiNbKICTb 3anisa noTpannse B po3vuH y Burnagi Fe (2+), 1o ana
OKMCHIOBAHHSA ABOBANIEHTHOrO 3ani3a B TpUBaNeHTHe NoTPIGeH OKUCHUK (TAKUI SIK KUCEHD).

2FeCla+2HCI4+%02>2FeCla+H20 (5)

MoTim npoBOAATL CTadilo pereHepauil KUCNOTU, Yy Xoai aKkoT abcopbuia aiokcuay Cipku CynpoBOMXKYETLCA
BUBINIbHEHHAM CipYaHOT KUCNOTU B PO3YUH;

2FeCl3+S02(ra35+2H20—2FeClo+H2SO4+2HCI (6)



Y 3miwaHin xnopua/cynbaTHii CUCTEMI PO3IXOLKEHHA B PO3YMHHOCTI XMOpuAy Ta cynbdraTty BUKOPUCTAETLCA
Ana pereHepauil ekBiBaneHTy XNOPUCTOBOAHEBOT KUCMOTU, CMOXWATOT NPU BUAYroByBaHHi. pu BUNYroByBaHHI
MarHil0 3 NaTePUTHUX OKCUAHUX PYA NPOTIKae HaCTynHa peakuiq:

MgClo+H2804+H20->MgSO4-H2O e )L +2HCI (7
Huxye HaBedeHa 3aranbHa cxema peakuii Ha cTaail pereHepauil KucnoTu:

2FeCl3+MgCl2+SO2(as+3H20— (®)
—2FeCl2+MgSQO4-H20s)i+4HCI

AHanoriuHi peakuii BiabyBatoTbCA i NpW BUNYroBYBAaHHI iHWMX MeTaniB, ki MOXHa BUKOPUCTOBYBATU Npu
po3pobui MeToaukM pereHepauii ekBiBaneHTHOT KiNbKOCTI XMOPUCTOBOAHEBOT KWUCMOTM, CMNOXUTOT Ha craail
BunyropyBaHHa. OcamkeHy cinb (MgSOs-H20, onucaHy B nonepeaHbOMYy Mpuknagi) nippawTb TEPMIYHOMY
PO3KNagaHHO Ana pereHepadii ekBiBaneHTHOT KINbKOCTI razonogiGHoro giokcuay cipku, 3abeaneuyoun B Takui
cnoci6 npouec, Wo camoniaTrpumMyetbca. B iHWoOMy BapiaHTi cipky (a0 iHWe aelweBe oxXepeno Cipku) cnanoTb
Ha MOBITPI 3 YTBOPEHHAM rasonoaibHoro piokcuay Cipku, WO BUKOPUCTOBYIOTb, SIK OMUCAHO BULlle, TOOTO
BUKITIOYEHA HeOBXiQHICTL NePETBOPEHHS ra3y Ha CipvyaHy KMCMOTY Ha AOPOTiA YyCTAaHOBLUI ANA OAEPXKAHHA CipyaHoT
KUCMOTH.

Bci HaBepeHi Buwe peakuii npoBoaaTb y natopatopHoMmy macwrabi. OgHak npu 6inbw HU3bkMX pH
(04eBUAHO 3a paxyHOK NPOAOBXEHHA peakuil) WBUAKICTL peakuil () MOXe 3HU3MTUCA. [na NPUCKOPEHHS peakuit
(6) y npoMmucnosomy macutabi MOXKHa BUKOPUCTOBYBATM KaTanisatop, Takuil K iOHU Miai B po3uuHi, rpadit abo
HaBiTb BYrinns.

3pas3ok HikeneBoro naTepuTy HagaHuii cpipmoto Jacaré, Bpasunisa. YCTaHOBNEHO, WO MaTepian MiCTUTb NeBHY
KifbKICTb MarHito, wo 6yae CnoXXuMBaTW 3HAYHY KiNbKICTb KUCNOTU NPU NPOBEAEHHI KUCMOTHOTrO BUIYrOBYBAHHS.
ToMy 0OepXKylOTb CONMbLOBUA PO3YUH XIIOPUAY MarHilo npu HacudveHHi 80% npu 80°C. loTiM AodaloTb iHLWiI
KOMMOHEHTU COMbOBOrO PO34YMHY BIiANOBIAHO [0 MacoBoro 6GanaHcy, oaepXKyBanu nynbny naTeputy B
3a3HauYeHoOMy cepepoBuwli Ta pH cepeposuwa gosogunu Ao 0,5 npu gogasaHHi XNOPUCTOBOAHEBOT KUCMOTH.
Buxig ekctpakuil Hikeno Ta MarHiio 3 natepuTy CTaHoBUTb Binbli Hixk 80% npu 4aci KOHTAKTYBAHHS B CUCTEMI
npotarom 3 rod. HacuueHuid pos3vuH nicns BUNYroByBaHHs 6apboTyloTe rasonogibHum Aiokcuaom Cipkd, npu
LbOMY CNOCTEPIracTbCA OCAMKEHHA MAarHito NpMHaWMHI B KiNbKOCTI, WO oaepkaHa nicns BUNYyroByBaHHA 3paska
nareputy. OaepxyloTb 0caj y BUMMAAI KPUCTaniyHoro MoHorigpaty cynbgaty marHito. Mpu uboMy O0AHOYACHO
BIZHOBMIOETLCA KOHUEHTpaUid KUCMOTM B CEpefoBULL NICnsA BUMYroBYBaHHsS, 3a6e3neuyiouu BUMYroBYBaHHS
HaCTYMHOro 3paska.

CynbdaT npoXXaprowTb i3 YTBOPEHHAM OKCUAY MarHito, AKUA € HagnWWKOBUM BiHOCHO BUMOT, SKi
BUCYBAKOTLCA A0 BHYTPIWHIX npoueciB. [JesKy KiNbKiCTb OAEPXaHOro OKCMAY MarHil0 BUKOPUCTOBYIOTbL ANA
OCa[)KEHHs1 3anisa, Hikenio Ta koBanbTy 3 pO34MHY ANS BUMYrOBYBAHHA Yy BUMMSAi ABOX TUMIB rigpokcugis -
rigpokcuay 3arnisa Ta Keky rigpokcuais Hikento Ta kobanbTy. MNpoaykT, WO MICTUTL 3ani30, BiAKMAAOTE, NPU UbOMY
00 EPKYIOTb OCHOBHUIA NPOAYKT Y BUTNAAI CyMilli Hikento Ta kobanbTy.

OaHi Tabnuui 4 ceigyatb Npo Te, WO ra3onodiGHU aiokcua Cipku MOXHa B NPUHUMNI BUKOPUCTOBYBATM ANiS
3aMiHK cipyaHoOi KUCNOTWU Ha cTagii Kpuctanisauii 3a yMOBU, LLIO NPUCYTHA AOCTATHA KifbKiCTb iOHIB 3anisa (3) i
BUKOPUCTOBYETLCA AOCTATHIN Yac ANg NPOBEAEHHS peaku,i.

Tabnuusa 4
3amiHa cipyaHol KUCNOTU Ha aiokeug Cipku
PeareHTu Yac peakuii KiHueBa Kinbkicts kucnotu (HCI)
rasonoaibHuin giokcug cipkn 0%+CipyaHna kucnora 100% 2roa 163 r/n
rasonopaibHuin giokcug cipkn 25%+CipyaHa kucnora 75% 2,25 ropn 159 r1/n
rasonoaibHuin giokcug cipkn 50%+CipyaHa kucnora 50% 4.5 rop 157 r/n

Ha niacrasi ogepkaHux gaHUX MO}KHaA 3p06UTHU HACTYNHI BUCHOBKMU:

- KOHUeHTpauilo BUXIZHOTO peareHTy (XNOPUCTOBOAHEBOT KUCAOTU) MiATPUMYIOTE MOCTINHOK B OCHOBHOMY
UMKni npu ocamkeHHi cynbdaTy MarHil0 KOHUEHTPOBAHOM Cip4yaHOl0 KUCMOTO, WO 3abesnevye eqpeKTUBHY
€KCTPaKLil0 HIKEMO B X0A4i NepLUOT cTadil BUNYroByBaHHA.

- PosvuHHiCTb cynbdpaTy MarHito B KpuctanisaTopi MeHWa WOro PO3YMHHOCTI B PO3UUHI ANA BUNYroByBaHHS,
Hacamnepeq npu NigB1LLEHIK TeMnepaTypi Ta NiABULLEHI KOHUEHTpAaUIT Xnopuay MarHito B Kpuctanisatopi.

- Kpuctanu, wo yTBOpPIOIOTLCA NPU KpucTanisauii, aBnsoTb, co60t0 MoHorigpat cynbdaty marHito (kisepuT) i3
BKITIOUEHHAM AeaKOT KiNbKOCTI HiKeno Ta xnopuay. BknoueHHsa xnopuay BiabyBaloTbCA B pe3ynbTaTi 3aX0nneHHs
PO3UUHY ApiGHOAMCNEPCHUM OCAAOM, a BKIMOYEHHS HIKEN0 MOXHAa 3BeCTU A0 MiHIMyMy npu npoBeAeHHi
KpucTanisauii npu nigBUWEHIn TeMnepaTypi (TPOXM HUXM{E TEeMNepaTypu KUMNIHHA PO34YMHY Npu aTMOCgEepHOMY
TUCKY).

- FasonoaibHuMit giokcua CipkM MOXXHA BUKOPUCTOBYBATU AN CUCTEMATUUHOT 3aMiHM €KBIBANEHTHOT KiNbKOCTI
cipyaHoi KACNOTU, 32 YMOBU, O € NPUCYTHLOI AOCTATHS KiMbKiCTb iOHIB TpMBaNeHTHOro 3anisa ana atcopbul
rasonofiGHoro giokcmay cipku.

CynbigHi pyau

[HWMIA BapiaHT 34iIMCHEHHA 4AHOMO BUHAXOAY CTOCYETLCA BUKOPUCTAHHA PO3YUHY XITOPUCTOBOAHEBOT KUCNOTU
(xnopuay) AN OKUCHIOBAmNbHOrO abo HEOKUCHIOBANBLHOrO BUNYTrOBYBAHHSA CymNb(iAHUX KOHUEHTPATIB, Takux sk
LMHKBMICHI pyau, SIK ONMCAHO HWKYe. HespaxkalouuM Ha Te, WO BUKOPUCTAHHA HEOKUCHHOBANbHUX MPOLUECiB AnA
BUAOOYBAHHA OCHOBHUX MeTaniB i3 cynbgigHMX KOHUEHTpaTiB He € came no cobi HoBuM (CynbdhaTHe



cepepoBue: S-C Copper Process, Kawulka ta iH. (1978), xnopugHa cepegosule: Molleman ta iH. (1998)),
cnoci6 pereHepauil KACNOTWM HEBIAOMMWIA y AaHid ranysi TexHiku. HeokuCHIoBaNbHUMIA CNOCI6 BUIYroByBaHHA B
CONbOBMX PO3YMHAX 3 BUCOKOKO KOHUEHTpAaUieto B koMGiHaUIT 3 iHTErpoBaHoOI0 CTaficto pereHepauii KNCNoTu Takox
HeBiQOMUIA Yy AaHin ranysi TexHiku. LliHHI KONbOPOBI MeTanu, Taki AK UWHK, BUAYrOBYKOTbH i3 cynbgigHux
KOHUEHTpAaTIB Yy BUXIZHOMY PO3YMHI XNOPUCTOBOAHEBOT KUCNOTU. BUNYXXEHUIA KOMbOPOBUA METan OAEPXYHTb Y
BUMNAAI KOMEPUIRHOTO NpoaykTy. KiHeTuka BUNYroByBaHHA € LUBUAKOK i METanNu, Taki K Miab, YTBOPIOKOTL TBEPAY
dasy (tTaky Ak CuxS) i ix BugobyBawTb i3 XBOCTOBMX ppakuil npu HEOOXIZHOCTI 3 BUKOPUCTAHHAM
OKMCHIOBanNLHOTrO Npouecy BUIYroByBaHHA. [OAATKOBOK NEpEeBarol) HEOKUCHIOBAINBbHUX YMOB € MOXIUBICTb
BUAINEHHA enemMeHTapHOl Cipku 3 BUMKOPUCTAHHAM CTaHgapTHoro npouecy Knayca (HadptoBa Ta HagpToximivyHa
NPOMUCHOBICTD).

OCHOBHUM areHToM Ans BUNYroBYBAHHA € iOH TAPOKCOHID Yy BUXIQHOMY XIOPUAHOMY CEpeaoBuLLy, LLO
BM3HAYAETLCA HAKOMUYEHHAM COMENR, Hacamnepen COnel KONbOPOBUX METaniB, TakuxX AK XNopua UMHKY, Y
NEepPBUHHIA cucTemi npouecy.

Ha crapii kpuctanizauii BUKOPUCTOBYETLCA HM3bKa PO3YMHHICTL NPOAYKTY, cynbdpaty abo cynbdity
KONMbOPOBOrO MeTany, Takoro Ak UMHK, Y BUXIGZHOMY XNOPUAHOMY COMbOBOMY PO34YMHI ANA BUAANEHHS BUMYXEHUX
UiHHUX MeTaniB 3 po3unHy. Kpuctanu cynbpaty abo cynbgiTy MICTATE HE3HA4YHY KiNbKiCTb rigpaTHOT BoAu Ta
npuaartHi Ans TEPMIYHOTO pO3KMagZaHHA 3 YTBOPEHHAM OKCMAY (ANA BUKOPUCTAHHA SAK  BHYTPILUHLOTO
HEeWTpani3ylo4voro areHTa), KMl MOXXHa BUKOPUCTOBYBATU AK KOMEPUAHWIA NpoayKT abo 4acTUHY sIKOrO MOXHa
PO3YUHUTM B PO3YMHI CipvaHOT KACHOTU (WO YTBOPKETLCA NPU E€NEeKTPONisi) i BUKOPUCTOBYBATU ANA NPAMOro
eneKkTposnisy metany.

PereHepauig xnopucTtoBoAHEBOT KUCIOTW Ta BUAOBYBAHHSA KONMbOPOBOrO METany, Takoro sk LUMHK, Ik OMUCaHOo
BULLIE, HE NOB'A3aHi 3 HAANULWIKOBUM BUAANEHHAM BOAW MNPWU YNAPIOBaHHI, TOMY WO MeTan OAepPXylTb i3
KPUCTAanNMHOIO KEKY 3 HU3bKWM BMICTOM BOAW Ta rigpaTtHoi BOAMU.

OaHuid BUHaxig 3aCHOBAHWMA HA 3HAYHOMY PO3XOOXKEHHI B PO3YMHHOCTI LUMHKY B CynbdpaTHIA Ta XNopuaHin
cUCTEMax, MPUUYOMY OCTaHHSA NPAKTUYHO B 2 pasu Buwie npu 100°C (auB. ekcnepumMeHTanbHi AaHi, onybnikoBaHi B
poboti Linke i Seidell (1965)). Byno BCTAHOBMEHO TaKOX, WO B XMNOPUMOHOMY CepefoBuLLi OaHe sBuULLE
NiACUMIOETLCA Ta BUKOPUCTOBYETLCA AN 3HAYHOTO 3HUKEHHS PO3UYUHHOCTI LIMHKY B XIMOPUAHOMY CEepenoBuLli, y
TOI Yac K npu AaoaaBaHHi cynbdpaTy abo cynbity y BUrnmaai rasononibHoro giokcuay cipku abo y Burnsagi
Cip4aHOT KUCMOTWM AK NPOMDKHUX peareHTiB ANA HaAXOOXKEHHA B PEeuMpKynAauidiHy CUCTEMY, YTBOPIOETLCA W
ocamkyeTbea cynbdaTt abo CynbMiT UUHKY 3 OAHOUYACHOK pereHepauieto XnopucToBOAHEBOT KUCMOTU B PO3UUHI.
Binblue Toro, 3 oaepXXaHUX eKCnepuMeHTansH1MX daHUX BUNSAMBAE, WO FYHIHIUT (MOHOrigpaT cynbdaty LUHKY) €
Kpawmm MpoaykToM Kpuctanizauil B LUMPOKOMY iHTepBani Temnepartyp (3Bu4yaiiHo npu npubnusHo 60°C), wo
JO3BOJISIE 3BECTU A0 MiHIMYMY KiNbKiCTb eHepril, Heo6XigHOT AN NpoXKaptoBaHHA ANS OAEP)KAHHSA OKCUAY LMHKY
(KU 4aCTKOBO HANPaBRAETLCA B PEUUPKYNALIKHY CUCTEMY AK BHYTPILLUHIA HEUTPaNi3yrouniA areHT) i pereHepauil
aiokcuay cipku. CnpoweHa cxema peakuii nokasaHa HuxkJe:

ZnClz2  + H2804 — ZnS04'H20 + HCI
Xnopupg  CipyaHa kucnota FyHi XnopuctoBoaHeBa (5)
! . YHIHTUT
LIMHKY abo aiokcua cipku kucnoTa

KpuctaniyHuid npoaykT, Wwo MicTuTb MeHw 0,01% 3aranbHOro xnopuay, o4emKyoTb 3a ONMCaHo METOANKOKW
ana inoctpauii edekTUBHOCTI AaHOT TexHonorii, To6TO ANA OAepPXKaHHA OKCMAY UUHKY BUCOKOrO CTYMeHs
OUULLEHHS AK KOMEPLIAHOIro NPOoAYKTY (NEeBHA KiNbKICTb BUKOPUCTOBYETLCA AK BHYTPILLHIA HEUTPANi3yrO4UiA areHT)
a60 ana NOBTOPHOIO PO3UYUHEHHST OKCUAY LUMHKY B PO3UMHI CIpYAHOT KUCNOTK (WO HAAXOAUTL MICRs enekTponiay) i
NPsIMOTO  €NEKTPONI3Y LMHKY 3 OJep)KaHoro po3uuHy. BigbyBaeTbcs Tako) pereHepauis BiAHOCHO Aoporof
XINOPUCTOBOAHEBOT KUCMOTU 3 BUKOPUCTAHHAM BiAHOCHO AELUEBOrO Ta AOCTYMHOro peareHty, To6To rasonoai6Horo
adiokeuay cipku abo cipyaHol kucnotu. OcamxeHuin cynbdaTt UMHKY € ieanbHum NPOoAyKTOM ANs po3knajaHHs B
peakTopi i3 NceBAO3PIAKEHUM LIAPOM. YacTKoBY perigpaTauiio MoHorigpaTty (4na oaepKaHHA OMNTUMI30BaHOro
rigpaty ons TePMIYHOrO po3knagaHHs) NPOBOAATL MPU KOHTPOSI 3a 4acOM KOHTaKTyBaHHA KPUCTanivyHOro ocaay i3
npuaaTHUM BOAHUM MAaTOUHUM PO3YUMHOM. HAKWO 6Ge3nocepefHE BUKOPUCTAHHA HIOKCUAY CIPKU € TEXHIYHO
NepcnekTUBHUM, TO TEXHONOrA pereHepauii CipuaHoT KUICNOTU 3 AIOKCHAY CipKU, OOepKaHOro npu NpoXKaproBaHHI
cynbparty cipku, nobpe Bigoma i € 3acCo060M OCAKEHHSI TYHIHTUTY, WO € eKCNepUMEHTaNbHO 34INCHEHUM. Y
KOXKHOMY pasi He noTpiGHi aopaTkoBi peareHTM ansa o6pobku, TOMY WO Aiokcua Cipku € npoaykTtom crapii
TEPMIYHOrO posknagaHHa. OCHOBHOK NepeBarold BUKOPUCTAHHA CynbdaTy LMHKY 3 HU3bKUM BMICTOM rigpaTHoi
BOAU ANA PO3KNagaHHA A0 OKCUAY UMHKY € 3HA4yHEe 3HUKEHHS €HEepProBuTpaT Yy NOPIBHAHHI 3 niporigponizom
PO34YMHY XMOPUAY LIMHKY.

CnpuatnuBa KiHETUKA BUIYrOBYBAHHA AOCAraeTbCcsA npu nepepobui BuxigHOro rpyboro KoHUeHTpaTy, Wo
JO3BOMNSAE BUKOPUCTOBYBATU CNOCI6 3a BUHAXOAOM ANA BUITYTOBYBaHHS LiHHAX METanIB, TakUX SK LUHK, cpibno Ta
CBUHeUb, i3 cynbdigHoOT pyau. Hanbinbw BaxxnuBoo € WBMAKA (MEHL HK 1 roa) KiHeTMKa BUNYroBYBaHHSA Npu
Temnepatypi 85°C y 4 M posunHax XrnopucToBOAHEBOT KUCNOTK (Dir. 35).

MpuHUMNOBa cxema npouecy nokasaHa Ha @ir. 32, y AKOMY PO34YWMH XNOPUCTOBOAHEBOT KUCNOTU AnA
BUNYrOBYBAHHSA BUKOPUCTOBYIOTb Ana contobinizauii LiHHOMO UUHKY i3 cynbgigHOro marepiany Ha HEOKUCHIOBaHIN
cragil, i noTiM UUHK MOCNIAOBHO BUAANAIOTL Y BUMMALI KPUCTaNYHOT coni Ha cragil pereHepaudii kucnotu. Ons
BUAOOyBaHHA cynbdhaTy UMHKY NpuU AoAaBaHHi cipyaHol KUCNOTK He noTpiGHa o6pobka HACUYEHOro po3vuHy Ans
BUNYroByBaHHA HEUTpanisylouum areHtoM. Cynbdar 0oCamKyeTbCa nepeBaxkHo y pOopmi MoHoriapaTty, a He y
dopmMi rekcarigpaty (K € O4eBMAHUM AN cneuianictis y AaHiin ranysi TexHiku). FonoBHa nepesara nonsarae B
NepeTBOPEHHi cynbdaTty Ha OKCUA, TOMY WO MPWM UbOMY CMOCTEPIraceTbCa 3HA4YHA EKOHOMIS eHeprosutpart y
NOPIBHAHHI 3 rekcarigpaToM. JOMiWKK, Taki aK 3aniso, BUAANAOTL NPU rigponisi nicna HelTpanisayii HagnuLwKy
KACMOTU OKCUAOM LMHKY 3 PELUPKYNAUIAHOT CUCTEMU, OTPUMAHUM MICNA NPOXKAPIOBAHHS.

AHanoriuHuii pesynbTat agocaraetbca npu 6e3nocepenHbLOMY A0AABaHHI rasonoaibHoro piokcuay cCipku
(3aMicTb cipuyaHoi kucnotn) npu 6ap6OTYBaHHI HACUYEHOTO PO3UMHY ANS BUNYroByBaHHs. MNepeBara Takoi 06po6ku
NPOSABNSETLCA Y BUNAAKY NPOXAPIOBAHHA eNeMeHTapHoT cipkn abo TBepaoro cynbdarty 3 YTBOPEHHAM AioKcuay
CipKU B NOPIBHAHHI 3 BUKOPUCTAHHAM roTOBOT KOMEPUIRHOT CipuaHoi KucnoTu.



JaHuin cnoci6 3acHOBaHMIA HA HOBOMY MPUHUUMNI pereHepauii peareHTis, TO6TO HA NOBTOPHOMY BUKOPUCTAHHI
BUNYroByBaya Ta HENTPani3yl4voro areHTa B peUnpKynauinHin cuctemi npouecy.

MonepeaHi po3paxyHku 6GanaHcy Maca/eHeprial nokasanu 3HaA4yHy nepeBary 3a3HA4YeHoOro npuHUUNY B
NOpPIBHAHHI 3i cTaHaapTHOO 06po6KOI0 CynbgiaHUX pya.

Hali6inbL BaXXNMBMMU € HACTYNHI hakTopu:

- 51K KOHUEHTpAaT MOXHA BUKOPUCTOBYBATU OYULLEHUN KOHLUEHTPAT abo MeHL ouneHuin (rpybuil) KoHueHTpaTt
(6inbLue BUCOKUI CTYNiHL BUAOBYBAHHA LiHHUX MeTanie),

- HEOKWUCHIOBANbHE BUIYroBYBaHHA NpPoOBOAATL Npu Oyab-akin HeoOXxiaHin koHueHTpauil HCI, 3a ymoBwu
NiATPUMKW 3aranbHOrQ PiBHA XNopuay B iHLWIK YacTUHI CUCTEMMU,

- Cu NOBTOPHO ocamkyeTbes y BUrnagi CuxS Ha crapii BunyropyBaHHsa npu atmocepHomMy TUCKY, TO6TO npu
HeobXxiAHOCTI Miab BUAOGYBAIOTL i3 3aNMULIKY NOPOXKHLOT NOPOAU, AKLLO Lie BUNpaBaoBYe BUTPATH,

- Pb BUNYroByloTb i3 CUCTEMMW Y BUMNAAI XNOPUAHUX KOMMEKCIB | 0OCagXyOTh Y KpuUcTanisatopi y Burnagi
cynbary. PbO, Wwo yTBOPIOETLCA HA CTaail TepMIYHOrO po3knagaHHs, eekTUBHO BUAOBYBAETLCA i3 3aNULLKY,
O4EpP>KaHOro Ha CTaail NOBTOPHOrO BUNYrosyBaHHA ZnO y BUrMAAi ouneHoi coni PbSO4,

- ZnS0O4+H20 yTBOplOETBCA B KpucTanizaTopi npu goaaBaHHi H2SOs4 y XNOPUAHMIA PO3YUH 3a paxyHOK
PO3XOOXKEHb Y PO3UUHHOCTI CynbhaTy Ta xnopuay:

ZnCla+H2804+H20—-52nS04-H20+2HCI.

OCHOBHOIO NMepeBaro AaHoi peakuil € BNacTUBICTL BUXIAHOMO CONbOBOrO PO34YMHY 3B'A3yBaTU BifIbHY BOAY,
npu ULOMY YTBOPKETLCA AeriaparoBaHi coni (MeHw Hixk 1 Monb H20 Ha 1 MOMb LMHKY), WO 3HAYHO 3HIDKYE
€HEepProBuUTpaTu Ha cragdil posknagaHHa B NMOPIBHAHHI i3 CONAMU, LLO BKIOYAOTL BEMNUKY KiNbKICTb rigpaTHOT BOAM,
Takumm ik ZnSO4-6H20,

- YCTaHOBNeHa AOUiNbHICTL 6e3nocepeaHboro BUKOPUCTAHHS AiOKCMAY CipkuM (WO YTBOPHETLCA Ha cragil
TEPMIMHOIO po3KnagaHHsa) K BUXIQHOMO peareHTy Ansa ocamkeHHs ZnSO4-6H20 3a yMOBU NPUCYTHOCTI AOCTATHLOT
KiNbKOCTI TpMBANEHTHOro 3aniza gna abcopbuii miokcuay cipkn y ¢asi posunHdy. Mpu UpbOMy nepen cragieto
Kpuctanisauii notpibHe AogaBaHHA OKUCHUKA (TAKOro SIK KUCEHb NOBITPA) ANA OKUCHIOBAHHSA ABOBANEHTHOrO
3anisa (0aep>KaHoro Npu HEOKUCHIOBAaNbLHOMY BUNYTroBYyBaHHI) Y TPUBaNEeHTHE 3ani3o,

- onucaHi BuLWe cTaaii kpucTanisauil Ta TepMIYHOro PO3KNagaHHa BKMNHOYAlOTb peareHTu B CTEXIOMETPUYHOMY
CniBBiAHOLWEHHI i Npu UbOMY He noTpibHO AO0OATKOBOro AoAAaBaHHA cipyaHol kucnoTu abo giokcupy cipku (3a
BUHATKOM aHanisy npoaykTiB HA KOHKPETHIN NPOMUCHOBIA yCTaHOBL),

- YACTUHY CONbOBOrO PO3YMHY BiABOASATL i3 OCHOBHOIO MOTOKY (Mepend KpucTanisauieto) ans oB6MexeHHs
HaKOMWYEHHA 3ari3a y BUXigHIA cUCTEMi; NponopuUiiHa KiNbKICTE OKCUAY UUHKY (0OepKaHOoro Ha cTagii TepMivyHoro
PO3KNagaHHAa) HagxoauTb Y PEUMpPKYNAUINHY cucTeMy Ana HenTpanisauyii BiNbHOT KUCAOTK y BiABIAHOMY NOTOL,,
WO MICTUTL AOMILLKK, WO 3abe3neuye HaCUYEHHA LiHHUX MeTanie (cpibno, Hikenb, koGanbT, KagMiil) LUHKOBUM
nunom nepep BuaaneHHaM 3anisa,

- Tigponis 3anisa npoBoasATL NPy aTMOCEpPHOMY TUCKY abo Npu 3HUKEHOMY TUCKY B aBTOKNAaBi, NpU LbOMY
O0ePKYIOTb reMaTuT i/abo retut (NPUbnU3HO y BUrNAAI akaraHity); iHWAa nepesara COfbOBOro Po34nHY 3 BUCOKOIO
KOHUEHTpauielo nonarae y Haa3BuMYailHO ManoMy BMICTI BiNMbHOT BOAM, WO, Y CBOW uepry, 3abesneuye
Jerigparauiio  oKCuais/riApoKCUAIB 3arnisa Ta OCaQ)KEeHHA reMatuTy Mnpu 3HaA4yHO MEHLWKUX TemnepaTypax y
NOPIBHAHHI 3i CTaHAAPTHUMU CynbgaTHUMKU CUCTEMAMU,

- OCHOBHA Maca oKcuay UWMHKY (3a BUHATKOM BiABIAHOrO MOTOKY ANA HeWTpanisauil) HagxoauTb Ha cragitlo
NMOBTOPHOTO BUSTYrOBYBAHHSA, Ha AKiA OKCUA PO3YMHAETBHCA B MNPUCYTHOCTI CipyaHOT KUCAOTWM B aHORITI, Lo
HaAXoAWUTb i3 CUCTEMU ENEKTPONI3y; KUCNOTa 3HAXOAUTLCA B CTEXIOMETPUYHOMY CMiBBIAHOLWEHHI A He noTpibHe
JoJaBaHHi AoAaTKoBOT KMCNOTU abo HENTpani3ytouoro areHTta (3a BUHATKOM aHanisy npoaykTiB, oJep)KaHuxX Ha
NPOMUCROBIN yCTaHOBL),

- Yy BCil cuUcTeMmi BiACYTHA HeoOXiaHICTL y BiaBiAHOMY noToui a6o Heo6XiAHO BIABOAWTU NULUE HE3HAYHY
KifIbKICTb  PO3UMHY, TOMY WO Cynbdar HaTPil0 HAKOMUUYETLCA A0 HACUYEHHS i OCamKyeTbCa B HaWbinbLu
KOHUEHTPOBAHIW AinsHui cuctemu,

- OCKINbKM BiACYTHA HeoOXigHICTb y BigBigHOMY noToui a6o HeoOXigHO BiABOAUTU NULLE HE3HAYHY KiNbKiCTb
PO34YMHY, TO BUAANEHHA BOAM AOCATAETLCA NPU BUKOPUCTAHHI 6araToKOPNyCHOro BUMAapHUKa,

- Ha ®ir. 33 nokasaHi xnopuaHa Ta cynbdaTHa 3amMKHYTI CUCTEMMU, B IHTETPOBAaHIA 3aranbHIin CXemi npouecy.

MeTtanypriiHuiA aHanis

JlaBGopaTtopHi JOCRigKeHHs BKM4YalTb 4  craail, To6TO BUNYroByBaHHSA, KpucTanisauilo, TepMmivyHe
PO3KNagaHHA W MOBTOPHE BUIYrOBYBAHHA MPOXXaAPEHOro OKCUAY UUHKY. OUIHIOTL PO3NOAINEHHA Y CUCTEMI
HACTYMHUX €NEMEHTIB (HKHA MeXa BUABMEHHSA CTaHOBUTL 10 yacT/MIH): antoMmiHiin, kanbuid, kagMmii, kobanbT,
XPOM, Migb, 3ani30, MarHiin, MapraHeup, Hikenb, CBMHELb, KPEMHIN, LUHK.

YMOBM JOCRIQKEHHS BU3HA4alOTb 3a pe3ynbTaTamu MoaenoBaHHA 6GanaHcy Macal/eHepris. Baxnuee
PO3XOAKEHHSA MixK KOMN'IOTEPHUM | peanbHUM MOAESIOBAHHAM NMONArano y TOMy, WO KOMN'tOTEPHE MOAENIOBAHHSA
NPOBOAATbL HA NPUKNAaAi OYULLEHOTro KOHUeHTpaTty (npubnuaHo 50% uuHKy), a nabopaTtopHe MOAENOBAHHA 3
BUKOPUCTAHHAM MEHLU OUULLIEHOTO rpyBoro KoHUeHTpaty (MpubnuaHo 5% LuHKY).

MeTtanypriiHuiA aHanis Ha AaHii No4YaTKOBIM cTadil nNpoBoAATb TiNbKWM ANA 3paskiB, odep)aHuxX Ha cragil
HEOKUCHIOBANIbHOTO BUNYroBYBAHHA npu aTMocdepHoMy TUCKY B nicna Tx o6pobku B KpucTanisatopi.
HeokncHioBansHa ycraHoBka Ans BUNyroByBaHHsa nokasaHa Ha ®ir. 34.

MaponogibHa dhasa nornuMHaeTbCca B CKpyBepi, WO MicTuTh cynbdhaT 3aniza (3), 3 METO NnepeTBOPEHHs
BCLOr0 CipKOBOAHIO H2S, oaepaHoro npu BUNYroOBYBaHHI, HA enemMeHTapHy cipky. BakyymyBaHHA ckpybepa €
6inblW AOUINMbHAM Y MOPIBHAHHI 3 NiABULLIEHUM TUCKOM Y peakTopi ANns BWIYroByBaHHsA, TOOGTO y 3B'A3KYy 3
MOMXKITMBICTIO BUTOKY CIiPKOBOAHIO B HAaBKONMULIHE cepepoBulle. [oBiTps 6apboTyloTb 4epes peakTop aAns
BUMYTOBYBAHHA 3 MeTO 3abe3neyeHHs NOCTINHOrO BUAANEHHS CIPKOBOAHIO i3 cucTtemMu, To6TO Ans 3CyBY peakuil
BNPaBo:

ZnS+2H*<Zn?* +H2S



Ha &ir. 35 nokasaHa cTtaHaapTHa KiHETUKA BUSYrOBYBAHHA NpWU AOCAIOXKEHHAX MPWU HU3LKIA ryCTUHI TBEpAUX
peuoBuH B BUOPaHin dpakuii 3 neBHUM po3mMipoM 4acTUHOK (apiBHOAUCNEPCHI YacTUHKU Buaananu). KiHeTuka B
NPUCYTHOCTI 4M COMsHI KUCNOTM BUABUNACA AOCUTbL ONTUMANbHOK. HaaBHICTL nepiodiB iHriGyBaHHA B X04i ABOX
iHWMX AOCRIgXEHb € HacniaKoM nonapusauii noBepxHi B aHOQHOMY HanpaMmKy, TOBTO 3a paxyHOK MPUCYTHOCTI
KUCHIO (Npu BapboTyBaHHi). Takum YMHOM Mi3Hiwe 6apboTyBaHHS NOBITPA Yepe3 po3vnH HEOOXIAHO 3YNUHATU.

OcHOBHa nepeBara BUKOPUCTAHHSA kpuctanisayil (ZnSO4-H20) y cuctemi nonsirae y BigCyTHOCTi HEOBXiaHOCTI
B HelTpanisayil nicna BUNyrosyeBaHHs1, TO6TO BMITyroByBaHHA MOXHA NPOBOAUTYU nNpu Byab-aKkiin koHUeHTpauil HC,
T06TO ANnA 3abe3neveHHs wBuAKoT KiHeTMkU. Ha dir. 36 nokasaHuit TUMOBUIA NPOAYKT KpucTanisadil i3 conboBoro
PO34YMHY B MPUCYTHOCTI KOHUEHTpoBaHOT H2SO4. OCHOBHA YaCcTUHA NPOAYKTY € TYHHIHTTOM [Zn(SO4)(H20)], ane 3a
OJaHUMWU PEHTIEHOCTPYKTYPHOrO aHarnisy CrnocrepiraeTbCa BUCOKUA CTYNiHb KPUCTaniYHOCTI Tuny rincy. Mpu
HaA3BUYaNHO BUCOKIA KOHLEeHTpauiT NaCl ocagKyeTbCsl TaKoX HEBENnuKa KinbkicTb Yanrotry [Naz2Zn(SOas)z2-4H20].

Ona 3ano6iraHHa BNNMBY iHLWKUX eNeMeHTIB Ha craail kpuctanisauii koHUeHTpauil po34YuHiB NigTPUMYIOTE Ha
PIiBHI HUXME PO3UUHHOCTI cynbdaty abo cynbdiTy, WO gocaraeTbCs npu o6pobui BigBiAHOrO NOTOKY, Hanpuknag, 3
HAaCUYEHOro Po3dMHY ANS BUMNYroBYBAaHHSA NPU HACUMYEHHi (UeMeHTyBaHHi) ifabo HenTpanisauii. Ona 3asHaveHol
HenTpanisauii MOXXHa BUKOPUCTOBYBATU YaCTUHY NPOAYKTY NPOXKaPHOBaHHS.

BoaHuit GanaHc npouecy niATPUMYIOTb MPU YNaploBaHHI AN KOHTPOMIO 3a KOHUEHTpauield COnbOBOro
PO34YMHY, KOMMEHCALIE0 40AABAHHA BOAM HA Pi3HUX CTadidAX, TAKMX AK MOTIK PO3YMHY ANS BUIYTOBYBaHHSA, BoAa
ANa NPOMUBAHHSA i T.N.

BunyrosysaHHA cynbdigHoT pyau

Cnoci6 onucaHuit HUXXYe Ha npuknagi cynbdiay UUHKY.

BUKOPUCTOBYIOTb KOHUEHTpAT, oaep)kaHuin cnoTauieo cchaneputy 3 pyau pogosuwa FamcBepr (MiBaeHHa
Adpuka). KoHUeHTpaT BUNYroBYHOTL B 4H. COMAHIA KUCNOTI B MPUCYTHOCTI BUXIAHOIO XMOPUAY LIMHKY B PO3YUHI Npu
85°C. BunyrosyBaHHA 3aBepuysanocsa vyepes 15-30 xB. BuxigHy KOHUEHTpaUilo Xnopuay UMHKY (CniBBigHOLWEHHSA
KOHLUEHTpaT/Cinb) BMOUPAOTL TakUM YMHOM, LWOG oaepKaTu HACUMYEHUIA PO3UUH ANns BUNYrosyBaHHA npu 80%
HAaCWUYEHHI XNOPUAOM LIMHKY. PO34YWMH ANA BUAYroBYBaHHA 3MilLYHOTh i3 98% CipyaHOK KUCNOTOK B CKNAHUI Npu
nepeMillyBaHHi, npu UbOMY BigOYBAETbCA OCAMKEHHSA CynbdhaTy UUHKY, Y KiNbKOCTI, eKBiBaneHTHI KinbKOCTi
BUNYXXEHOro UuMHKY. Ocaa € kpuctaniyHuMm cynedaToM UMHKY Y BUIMAAI Hanisrigpaty, WO Bianosigae
po3paxoBaHiii Kinekocti coni. Cinb HeoBOB'A3KOBO NPOXAPIOWTL ANS OAEMKAHHA OKCUAY nNpu NpuaaTtHii
Temneparypi, Hanpuknag, 750°C Ha noBiTpi, Npu LbOMY OAEpPKYIOTb ra3onodibHy ¢asy, aka MiCTUTb NPUHANMHI
20% piokcuay Cipku, NpUAATHOrO ANS BUMKOPUCTAHHS HA YCTAHOBLUi AN OAep)KaHHsA cipyaHol kucnotu abo ans
6e3nocepeqHbLOrO NOBTOPHOTO BUKOPUCTAHHSA Ha cTaaii kpuctanizadil.

Kpucranisaujia

OCHOBHUI PO3YMH, AKUIA MICTUTbL LMHK, 3ani30, HATpPiid Yy BUrNaai xnopuaise i cynosatis, oaepxytots npu 60°C,
noTiM Y PO3YMUH A0JAK0Tb CTEXIOMETPUYHY KINbKICTL Cip4aHoT KUCNOTU. JaHi AOCRIAXKEeHHS NPOBOAATDL i3 NOABINHOW
METOH): BU3HAYEHHS PO3YMHHOCTI OCHOBHUX KOMMOHEHTIB Y PO34YUHI Ta BU3HAYEHHA KINbKOCTI Ta YUCTOTU
KpucTanis, WO YTBOPIOOTLCA NPKU A0AABAHHI CipY4aHOT KUCNOTK. Pe3ynbTaTu AOCHiAXKEeHb NOKa3aHi B Tabnuui 5.

Tabnuusa 5
PesynbTtatin 4OCAIOXKEHHA PO3YMHHOCTI Ta KpucTanisaui
3pasok Bunyroesysau KpucraniyHa pe4yoBuHa

Znrn | Fer/m | Nar/n | Clr/n | SO4r/n Zn Fe Na Cl S04
20050324D4 288 0 0 318 167 40% 0% 0% 5% 41%
20050324D5 290 0 52 407 36 41% 0% 1% 5% 45%
20050324D6 98 3,8 61 61 230 - - - - -
20050324D7 320 6,3 23 373 94 38% 2.5% 0.3% 4% 46%

Mpu gocnigxxeHHi 3paska 20050324D6 yTBOPEHHS KpUCTaniB HE CMOCTEpIranoca BHACIAOK HU3bKOT BUXIQHOT
KOHUeHTpauiT uuHky. OaepykaHi pesynbTaTi CBigyaTb Npo Te, WO B cCUCTEMAX, WO MICTATE ZNn, MOXHA YCiLIHO
BUKOPUCTOBYBATU OCaA KyBanbHy KpucTanisauito Ana nepsuHHOT pereHepadii peareHTis.

OpepxkaHHA XMOPUAHOro PO3UYUHY 3 BUCOKOKO KOHLEHTPALLiet0 KUCAOTU (HAAKUCNOTHUA PO3YUH)

XNOopuaHMIA CONbOBUIA PO3UMH 3MILLYIOTb i3 CipYaHOK KUCMNOTOK abo JIOKCUAOM Cipku ANs oAep KaHHs
COMbOBOTO PO3YMHY, L0 MICTUTL XMOPUCTOBOAHEBY KUCMOTY Y HAAAa3eOTPONHIA KoHUeHTpauil (To6To npu
KOHUEHTpaUiT, npu SKiid KOHUEHTpauia XnNopucToOBOAHEBOT KUCNOTU NEPEBULLYE a3eO0TPOMNHY KOHUEHTpauilo). Ona
JaHoro npouecy He noTpibHi cknagHe BCTATKyBaHHA ANA NeperoHku ato gopori peareHTU. Takum 4YUHOM
NMPONOHYETLCA MPOCTUIA | AeleBU CNOci6 ofepKaHHA PO3UYUHIB 3 HAA3BUYANHO BUCOKOKO KUCMOTHICTIO AN
HaCTYMHOTO BUKOPUCTAHHA B NEBHUX NpoLECcax, Takux Ak 0cobnuBi cnocobu po3UMHEHHS, AKi BUKOPUCTOBYHOTLCS
npu OYMLLEHHI MeTanis NNaTuHOBOT rpynu.

JocsikHa KUCMOTHICTb KUCIOTU, sika MOXKe OYTU HMXMIE Ta BULIE a3eO0TPOMHOT KOHUEHTpauil, BU3HAYAETLCA
npupoaoto BubpaHoro xmnopuay.

Opep>kaHHA XMOPUAHOro CONMbLOBOrO PO34YMHY 3 BUCOKOK KUCHOTHICTIO

Xnopua MarHito posunHaTb npu 100°C go koHueHTpadil npudnusHo 42,3 r/100 r HacM4eHOro posunHy. MNpu
AopasaHHi H28O4 B ekcTpemanbHuX BUNagkax NOBHOrO OCA[XKEHHA MArHilo y BUrNAAi MOHOTIApaTy YTBOPIOETLCS
npubnusHo 50,3 r coni B 49,7 r Boau 1a 32,4 r HCI 3 kUCNOTHICTIO 39%.

Opep>kaHHA XMOPUAHOro CONMbLOBOrO PO34YMHY 3 BUCOKOK KUCHOTHICTIO

Xnopua MarHito po3vuHsaoTb npu 80°C oo KoHueHTpauil npubnuaHo 84,4 /100 r HaACMYEHOro po3uuHy. Mpu
aopasaHHi H2SO4 y BUNaaky ocafikeHHsa 75% LUHKY y BUrNai MOHOTigpaTy yTBOPETLCA npubnusHo 71,1 r coni B
28,3 rsogu 1a 33,9 r HCI 3 KUCNOTHICTIO 54%.

JaHuin BuHaxig 6yB 4OKNagHO ONUCaHWIA Ha NPUKNaai OKpeMux BapiaHTiB HOro 34iNCHEHHs, ane cneuianicram
y OaHin ranysi 6yae 3p03yMino, Wo MoXnuea MHOXUHA MOAUGIKALIA | iHLUMX 3MiH, L0 He BUXOASTb 3@ PaAMKMN CYTi



Ta o6cAry [aHoro BUHaxXo4y B pamkax npuknageHoi hopmynu BUHaxoay.
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