OT3bIB OPUIINAJIBHOT'O OIIIIOHEHTA

Ha MCcCcepTalMOHHYI0 paboTy Kpunkoro Anekces BragumupoBrya
«['maporepmanbHOe pahUHIPOBAHKE XaTBKOMUPUTHBIX KOHIIEHTPATOBY,
NIPEACTABICHHONW HAa COMCKaHUe yYEHOM CTENeHN KaHAuIaTa TEXHUIECKUX HayK 110
cunenmanbHoCcTh 05.16.02 — MeTayutyprust YepHbBIX, IBETHBIX M PEIKHAX METAILIOB

AKTyaJIbHOCTBH TeMbI HCCJIE€XOBAHUS

HecMmorpss Ha BBICOKYIO 3QQEKTHBHOCTH, KIACCHUYECKHE ABTOIEHHBIE TEXHOJIOIHMH
epepabOTKH CyIbQUIHOTO METHOTO CHIPhS MMEIOT PsJi CYIIeCTBEHHLIX HEIOCTaTKOB. B
CBSI3M C BOBJIICYECHMEM B IIepepabOTKy pyI C HHU3KAM COIEPIKAHHEM IIOJIE3HBIX
KOMIIOHEHTOB, a TaKXX€ KOHIEHTPAaTOB CO CJOXKHBIM, IOJHKOMIIOHEHTHBIM COCTaBOM,
UHTEPECHBIM IIPENCTABIAETCA MCIOJIB30BAHUE TIMIPOMETALIYPrUUYECKUX TEXHOJIOTHH,
00eCIeYnBaOIINX CEIeKTUBHOE pa3lelieHWe IEHHBIX KOMIIOHEHTOB U CHIDKEHHE
HEraTHBHOI'O BO3JIEMCTBUS HAa OKPY>KAOIIYIO CPELY.

AKTyalbHOCTh TEMBl HCCIIENOBaHUS OOyCIOBJI€HA HaydYHBEIM OOOCHOBAHHEM
XMMU3Ma Nporecca TuAPOTEPMAIEHON 00paboTKY CyIb(QUIHBIX MaTepUaliOB PACTBOPAMHU
Cynbara Menm H, MOCHemykomeil pa3pabOTKON TEXHOJIOTHA TMAPOMETAILIYPIIYECKOro
oboraieHus XanbKONMPUTHBIX KOHIEHTPATOB 110 CXEME «aBTOKJIaBHOe okucieHue (AOB)
— runpotepmaibHas oopaborka (I'TO)» ¢ 06ocHOBaHHEM ONTUMAIBHBIX YCIIOBHIA.

CrpykTypa U aHAJIH3 padoThI

Huccepranus m3oxkeHa Ha 196 cTpaHMIlaX MAaIIWHOMHCHOIO TEKCTa; BKIIOYaeT 43
pucyHka, 41 TabnMily M COCTOMT W3 BBEICHHS; IITH IJ1aB;, 3aK/IOYEHHMs; CIIUCKA
JUTEPATYpEl U3 236 HAMMEHOBAHUH U IIATH TPUIOKEHHM.

Bo e6edenuu 060CHOBaHA aKTyalbHOCTh M OINpENEIEHA CTENEHb Pa3spaGoTaHHOCTU
TeMbl HCCIE€NOBaHKs, HIACHTH(QUIMPOBAHE OOBEKTHI WM IPEIMETH HAYyYHOrO IOUCKA,
yKazaHa IlelNb W YCTAaHOBJIEHBI 3anayd paOoOThl, NaHa OIEHKAa HAayYHON HOBU3HEI,
IOATBEPKACHA TEOPETHYECCKas M INPaKTHYeCKas 3HAYUMOCTh IOJyYEHHBIX PE3YJILTaTOB,
c(opMyIupOBaHBI BEIHOCHMEIE Ha 3AIUTY HOI0KEHHUS.

B nepeoii 2nase W3NIOXKEHBI COBPEMEHHBIE CHOCOOBI IEPEpPabOTKU CyIIb(GHIHOrO
MENBbCONEPKAINEro  CBIPbs,  BKJIIOYas  «KIACCHYECKHE»  NHPOMETAUIYPrHYECKUE
TEXHOJIOI'MH; IIPOBENICH aHAIU3 THAPOMETAIUTYPrUYEeCKUX CXeM. BEIBIIEH psij HEOCTATKOB
HU3BECTHBIX T'HAPOMETAUTYPTHYECKHX TEXHOJOIMM H O00OOCHOBaHAa IEPCIEKTUBHOCTD
O0OTallleHns XaNbKONMPUTHBIX KOHIICHTPATOB IyTEM aBTOKIABHOM 0OPabOTKH MO cxeme
«aBTOKJIaBHOe okucieHue (AOB) — rugporepmanbras o6paborka (I'TO)», rue Ha mepBoit
CTaZlv¥ IIOJyYarOoT HACBIIIEHHEBIA pacTBOp cynbdara Menu. Mcrmonb30BaHue 000rameHHbIX
MEIHBIX KOHIIEHTPAaTOB IO3BOJIAT IIOBBICHTH IIPOM3BOAUTENBFHOCTh IEHCTBYFOLIUX
MHUPOMETAJUTYPTUIECKUX MOIIHOCTEM IO MEIH, NOOUTHCS H3BIICYCHUS COITYTCTBYFOLIMX



LEHHBIX KOMIIOHECHTOB CBHIPbS, COKpPAaTWTh BBIXOJ NBUIEH M IIUIAKOB, OOBEMBI
CEPOCOEPIKAIIMX T'a30B U TPAHCIOPTHBIEC PACX OB

Bo emopou z2nase paboTel HcclenoOBaHa KHHETHKA THAPOTEPMAIBHOM 06paGOTKH
cynbuaHbX MuHEpanoB (ZnS, FeS;, FeAsS) pactBopamm cymbhara memu. M3ydeno
BIIUSHAE HHTCHCHBHOCTH IIEPEMENIMBAHMS, TEMIEPATyphl, HAYAIbHBIX KOHIIEHTPAIH
Cylbgara Meli U CEPHOM KUCIOTHI U pasMepa YacTHIl Ha CTETIeHb KOHBEPCHH CYIIb(pUIHBIX
MuHepanoB. Ilokasano, 4ro TemmepaTypa W pasMep YacTUll CyIb(OHIHBIX MHHEPAIOB
OKa3al{ HauOoJblllee BIMAHME HA DasBUTHE DPEAKUWH, B pe3yldbTaTe KOTOPOH Ha
IIOBEPXHOCTH MCXOIHBIX YaCTHUI] 00Pa30BalUCh CIIOU TBEP/BIX IMPOAYKTOB YCTAHOBIEHHOTO
cocraBa. Ilporecc ObUT YCIIOBHO pasjielleH Ha [JBE CTaQWd W ONKCAH C IPHMEHEHHEM
MOJZIENH CHKUMAIOIIErocs sifipa. PaccuuTanbl 3HEPIUH aKTHUBALUM, HOPSOKH peakmEi 1o
peareHTam, TeMIleparypHble KO3()QUIMEHTHI [Is KaKAOM W3 BBIIBICHHBIX CTaIWi
nporecca. YcraHoBieH NUQPQY3HOHHEI XapakTep H3yd4aeMbIX IPOIEcCOB. IlomydeHs
o0IIKe ypaBHEHUs KWHETUKY OTICNBHO IS KaXKIOoM U3 cranmit mponeccoB. ChOpMEpOBaH
P NIPaKTUYECKUX PEKOMEHIALUH I THAPOTEPMATBEHOTO PahUHHPOBAHKS:

1. BO3MOXHO MCIIONIb30BAHUE CHIPBS B [IPHUCYTCTBUN MUHEPATOB—IIPHMECEH.

2. llosbimennas Temmeparypa (230250 °C), mmskas KucaoTHOCTH (5—10 r/mv3
H>SO4) pactBopa, ToHKOEe H3Menbuenue (10-40 MKM) HCXONHOTO MaTepuaia,
IIPOIOJDKUTEIBHOCTE 60 MUH.

3. Heobxomuma ounctka pactBopoB I'TO oT npumeceii U uX BBIIETeHHS B (hopMe
TOBapPHBIX IIPOIYKTOB JIHOO SKOJIOTHUECKH OE30IACHBIX COETMHEHMH.

Tpemvs  2naéa  TOCBAIICHA  W3YYEHHIO  ABTOKIABHOTO  OKHCIIHTENHHOTO
BBIICTIAYMBAHNA  XabKONIUPUTHOTO KOHIIEHTpaTa B CEPHOKHCION cpeme. Ilomydero
u3BIeUcHne Meau oosee 98,5 % mpu cremyromux mapamerpax: t = 190 °C; P(02) = 5 atm;
T = 2 4vac; XK/T = 6; HoSOs = 5-20 r/mv?. Peanmuzamms aBTOKJIABHOIO OKHCIICHUS B
JABYXCTaIUMHOM pexuMe Jmbo B Oolee IUIOTHBIX IMyJblIax MHO3BONAET IOIyUUTh
HACBINICHHBIE IIO0 COAEPXKAHUIO MENM pPacTBOPHI (65—75 r/mM3), KOTOpBIE MOIyT OBITBH
HCIIOJIB30BAHBI B KayecTBe cpenbl it omnepamuu [ TO. Onepamuio aBTOKIABHOIO
KoHaunuoHUpoBarust (t = 110 °C, 60 r/nm® H2SO4, T = 1-2 wac) npemnaraercs NIPUMEHSATH
AULL paCTBOPEHUS JKEJle3a U3 KeKa, CHIKasg ero Bbrxon 1o 30—34 % oT Macchl UCXOIHOTO
KOHLleHTpaTa. Hccienosanye u3BIeYeHHsT OIAropofHBIX METAIOB K3 KEKOB C
IIPHUMEHECHHCM LHaHMUPOBAHKUS MOATBEPANIO HEOOXOMUMOCTE ITpoBesieHust onepanun AOB
npu Temneparype 240 °C s Haubosiee IIONHOTO PasliOKeHUs MUPUTA U CHIDKEHHS JOJTH
3JIEMEHTHOM CEPBI B KeKaX aBTOKJIABHOI'O OKHUCIICHHSL.

B uemeépmoii 2nase paccMOTpeHa THIPOTEPMATIHHAS 00paboTKa XaTbKOIMHPUTHOIO
KOHIICHTpaTa pacTBOpaMH Cyiib(para MeAu, ITO3BOJSIIOLIAs yIy4YIIATh €ro KadecTBo,
TpaHchopmupys ¢asy xamskommpura (CuFeS») B hassl qurenura (Cu1sS) u mxyprenra
(Cu1.94S), B cBsi3u ¢ uewm, conepkanue Menu Bospacraer ¢ 18-19 no 50-60 %; moxyueHs!



pacTBOphEl ¢ HH3KMM conepxkanueM Memnu (< 0,5 r/mm’). Iloctpoena mapameTpHdecKas
MOZIeTTb  TUAPOTEPMAlbHOM 00paboTKM W IpedyioKeHa ABYXCTaauiiHas cxeMa
TUIPOTEPMATBHOTO  OOOTallleHUs ~ XalIbKOINHPHTHBIX  KOHIEHTPAaToB.  IIpoBeneHEI
OajaHCOBBIE ONBITHI M IPOAHATH3UPOBAHBI MPOMYKTHl IPEIIOKEHHOM TEXHOJIOTHL.
IlonTBepxzeHo, dTO 06paboTKa KOHIEHTPATOB B THAPOTEPMANBHBIX  YCIOBHSIX
CIIOCOOCTBYET YaCTUYHOMY JIHOO IOJHOMY [EPEXOLY B PACTBOP BTOPHUUHBIX KOMIOHEHTOB
KOHLIEHTPATa, TakuX Kak Fe (>70 %), Zn (>80 %), Ni (>80 %), As (>20 %), S (>30 %), uto
CIIOCOOCTBYET ~OYHCTKE OOOTallleHHOr0 MPOAyKTa OT MpUMeceii H  IIOBBIIICHHIO
[IPUBJICKATEIbHOCTH €T0 UCIIOJIB30BaHUS B MUPOMETAILTYPTUUECKUX cxeMax. [IpemioxKeHsl
BAPUAHTBI UCIIONb30BaHMsI 00OrallleHHOTO KOHIIEHTpaTa i 1opaboTku pactsopos I TO.

B namou 2naee NpoW3BENEH pacdeT 06OpYIOBAHHSA, MATEPHAIBHBIX M TEIUIOBBIX
OanaHcoB, a TakKe OKOHOMUYECKOM 3(hdeKTHBHOCTH THAPOMETAILTY PTHIeCKOM
TEXHOJIOTHH O0OTalleHns XaJbKOIMPHTHBIX KOHLEHTPAaTOB IO CXEMe aBTOKJIABHOE
OKHCJICHHE-THAPOTepMabHas 00paboTka B pacdere Ha moiydeHHe 832 THIC. T 6OraToro
MEIHOIrO KOHIeHTpara. OCHOBHOM cTaThedf pacxoma SIBISIETCS — OIEKTPOSHEPIHA.
TexHomorus no3BoNseT JOCTUraTE CKBO3HOTO M3BIICUSHUS MENH Oolee 98 %, 93 % Au, 20
% Ag wu3 xoHmeHTparta. IloaTBepXIEeHA BBICOKAs OSKOHOMUYECKAS 3¢ PEeKTUBHOCTE
npearaeMoy TexHonoruu. Cpok OKylaeMOCTH MHBECTHIIMOHHOTO IPOEKTa COCTABISIET 3
roja.

Hay4ynasi HOBH3Ha M TeopeTHYECKAsI 3HAYAMOCTD HCCJIeI0BAHMS:
— OIIPENEICHbI KHHETHYECKHE TIapaMeTphl THAPOTEPMAILHOTO B3aUMOICHCTBIS
OCHOBHBIX ~ MHHEDAJIOB-—TIDUMECEH MEIHBIX KOHLEHTpaToB (chalepur, MNHPHUT,
apCeHOIIMPHUT) C PaCTBOPaMH CyJibdaTa Meu;
— YCTaHOBJEHbl XHMHYECKHH ¥ MHUHEPATOTMYECKHH COCTaBbl (IOTAIIMOHHOTO
XaJIbKOIIMPUTHOTO KOHIIEHTpaTa Muxeesckoro I'OKa;
— IPEMTIOXKCH MEXaHM3M IIPOTEKaHHs MPOIECCOB M IMOAYYEHBEl 00O0OIIAIOIITE
YPAaBHEHUS JULS OIIUCAHKA CKOPOCTH B3aMMONEHCTBHS Cynbdara Memu ¢ CyJIbOUIHBIMH
MuHepanamu (ZnS, FeS;, FeAsS) B cucremax MeS—CuSO4—H2SO4;
— HCCIICTIOBAaHbI YCIOBHS IIPOLIECCOB ABTOKIABHOIO OKUCIEHHS M IIOCIENyIOLIeit
THPOTEPMANTLHOM 00PabOTKHU XaIbKOMMUPHTHBIX KOHIEHTPATOB PACTBOPAMH cynbdara
MeIH C IOy4eHHeM Ooratoro KoHuentpara (6omee 50 % Cu) u pacTBopa cynbdara
xenesa (II).

IIpakTHYeckast 3 HAYUMOCTL PAGOTHI:
— OOOCHOBaHBI ONTHMAIIBHBIE TEXHOJIOTHYECKUE TIOKA3aTEIH IIPOLIECCOB aBTOKJIABHOIO
OKHCJICHHA M THOPOTEPMaNbHOH  0OpaboTKM  pacTBOpoM  cymbdara  Memu
XAJIbKOIIMPUTHOTO KOHIEHTpaTa Muxeesckoro I'OKa, rapanTupyroimx onpene e HHbi
BBIXO/T U KAYECTBO IIPOMITPOAYKTOB;



— paszpaboTaHa NPHHIUNHAIBHAS TEXHOJOTHYECKAs CXeMa THAPOMETAILIYPruYecKOro
oborameHuss XaJIbKONMPUTHBIX KOHIIEHTPATOB C IPUMEHEHHEM AaBTOKJIABHOIO
OKMCJIEHHUS U TUAPOTEPMAIbHOM 00paboTKH;

— JlaHa OIIEHKa SKOHOMHMUYECKOU I1eJeCO00pa3sHOCTH MPUMEHEHHS JaHHON TEXHOIOIHMU

U IIPEIIOKEHB] IIyTH JOPaOOTKH MPOMITPOYKTOB.

JlocTOBEPHOCTL MOJIy4YeHHBIX Pe3yJbTATOB, BHIBOIOB M PEKOMEHIALMI OCHOBaHA
Ha UCTOIh30BAaHUM CTAHIAPTHELIX METOJUK UCCIIEIOBAHMS, COBPEMEHHOI'O 000y IOBaHUS 1
CHEIUATH3UPOBAHHOr0 MPOrPaMMHOIO OOECIEUEHHUs, IOATBEPKIAETCS CXOIUMOCTEIO
PE3yNbTaTOB TEOPETHYECKOTO M IKCIEPHUMEHTAIBHOIO MOJEITHPOBAHUS, HX COOTBETCTBHE
U3BECTHBIM [aHHBIM B OONACTH TEOPMM U HPAKTHKH THAPO- M MMHPOMETAILLY PrHUECKUX
IIPOIIECCOB.

PexomeHaanuu no HCNoIb30BAHAIO PE3YJILTATOB M BHLIBOAOB JHCCEPTALMHI

Hayunble pesynbTaTsl MCCIENOBaHHMS MOXXHO PEKOMEHIOBATh K HCIONB30BAHUIO B
KauecTBe y4eOHO-METOAMYECKAX MATEPHAIOB IIPH IIOITOTOBKE GAKaIaBPOB M MAarkCTPOB
I10 HaIIpaBJIEHUIO «MeTaluTyprus IIBETHBIX METAJLIOBY.

W3noxeHHble B IUCCEPTAIIMH TEOPETHYECKUE IOJNIOKEHUS M OKCIEPUMEHTATHHO
OOOCHOBaHHBIE ~ TEXHOJIOTHYECKHE DaspabOTKH  HEOOXONMMO  HCIOJNB30BaTh  HpH
PEKOHCTPYKIINH CYIIECTBYIOMMX WJIM OPraHU3alliy HOBBIX MPOHW3BOICTB IO KOMILIEKCHOM
nepepaboTke 6eTHOTO 3a0ATAHCOBOIO PYIHOIO CHIPhS M HEKOHIWI[MOHHBIX TEXHOT€HHBIX
MaTepUaJIOB, U IPOTYKTOB.

3ameyanusi ¥ BONIPOCHI IO AHCCEPTANHOHHOM paGote Kpunkoro A.B.

1. PaccmarpuBany i Bo3MOXHOCTH B3ammopeiicteus Cu’ um S° ¢ obpasoBanmem
CynbQumoB?

2. B Tpered rnaBe MpeyIOXKE€HO KeKHM aBTOKJIABHOTO OKHCIIEHHsS BO3BpallaTh Ha
IIaBKY, B 3TOM cily4ae 3P PeKT oT nepepaboTKu 60raThix KOHIEHTPATOB YMEHBIITACTCS.

3. Kakwue xene3oconepxamue TOBapHBIE IPOLYKThI MPEIONAracTcsi IPOU3BOAUT W3
pacTBOPOB, YYHTBIBas, YTO B HUX CONEPIKUTCS 3HAYUTEIHHOE KOJMYECTBO IPUMECEH, a
xemne3o npucyrcrByeT B hopmax Fe (1) u Fe (I)?

4. Ilyaktr 3 crtp. 74 yTBepXKmaeT, YTO IOBHINIEHHAsS TEMIIEPaTypa aBTOKIABHBIX
IPOLECCOB  CIOCOOCTBYET  M3MEHEHHIO  (H3HKO-XMMHYECKMX  CBOMCTB  TBEPIBIX
MaTtepuanoB. UTo 370 3a cBoiicTBa?

5. Tpebyer mosicHeHuii mepexon BHYyTpHAN(GGY3HOHHOrO peXUMa IIEPBOM CTAmHH B
KUHETHYECKUH BTOPOH IIPHU THAPOTEpMaTIbHOM 00paboTke FeAsS.

3aki0yeHue

HecMoTpss Ha psn 3amMeuaHuii, MMEIOIIMX YACTHBIH, 3a49acTyl0 JUCKYCCHUOHHBIMN
XapaKkTep M HE CHIDKAIOMMX OOIIyIO0 IOJOKHTENBHYIO OICHKY, NpENCTaBieHHas Ha
PacCMOTpeHME AHccepTalys MOXKET OBITh KIACCHOHUIMPOBAaHA KaK BBIIOJHEHHAs Ha
BBICOKOM HAY4YHOM YpPOBHE M OOIajaroIas JOCTaTOYHOM INPaKTHYECKOH IIEHHOCTHIO



3aKOHYCHHAs  Hay4yHO-KBaIM(QHKALMOHHas pabora. Jluccepramusi  COOTBETCTBYET
cnerpaibHocTd 05.16.02 — MeTauryprusi 4YepHBIX, IBETHBIX M PEOKAX METALIOB MU
OTpACiIM TEXHUYECKHE HAYKH, TI0 KOTOPHIM OHA IPECTABIICHA K 3allUTe.

Pabora odopmiena B coorBerctBuu ¢ TpebGoBammamMu [ OCT P 7.0.11-2011
«Jluccepranus ¥ aBTOpedepar mucceprauud. CTPyKTypa W THpaBHiIa OGOPMIICHHY,
U3JI0KEHA XOPOIIUM JIMTEPATYPHBIM A3BIKOM, OTJIMYAETCS JIOTHYHOCTHIO 3aKIIFOUEHHUH,
LEJIOCTHOCTBIO 3aMbIClia U 3aBEPIIEHHOCTBIO €ro peanusanuu. CraelaHHble BBIBOOBI U
PEKOMEHIallUK JOCTOBEPHBI M COMHEHMH HE BBI3BIBAIOT. [lOJIHOE IIPENCTaBIEHHE O
conepxKaHuK paboThl Nal0T aBTopedepar U AeBITh OMyOIMKOBAHHEIX PabOT: ceMb cTaTeil B
u3nanuax u3 nepeyns BAK u ArrecranmornHsoro coBerta Yp®YV; nBe crarby B cOOpPHUKAX.

Pabora orBeuaeT TpeOGOBAaHMAM K AWCCEPTAIMSIM HA COHCKAHHME YUSHOH CTeIleHH
KanauaaTa HayK, onpeAen€HHbM 1. 9 IlonoxeHus o MpUCYXICHUH YYEHBIX CTEIEHEH B
OI'AOY BO «Ypaneckuit denepanbHblii yHHBEPCHTET HMEHH MepBoro IllpesuneHTa
Poccuu b.H. Enbivina», yTBep:kn€HHBIN npruKa3oM pektopa oT 21 okTsa6ps 2019 roma Ne
879/03, a e€ aprop, Kpmmkmii Anexcell BiamvMupoBud, 3aciTy’KHBAaeT NPHCYKICHUS
YUEHOM CTENEeHH KaHIWAaTa TEeXHHUYECKWX HayK 1o coenuanbHoctH 05.16.02 —
Meramnyprus 4epHbIX, [BETHBIX U PEAKMX METAIUIOB.

OdunuanbHbIii  ONIOHEHT: JOKTOP TEXHHUYECKHX s JleOenp
HAayK, CTapIiui HAay4HbIM COTPYIHUK, 3aBEHyFOLIUI // Awnnpeit
xadenpoit Meramtyprun HIOV BO «Texuaudueckuii B B bopucosuu
yHuBepcureT Y1 MK»

624091, Poccus, CepmnoBckast 00i1., I. Bepxusas [Ismmma,
YcHeHckuii MpOCIIeKT,  J0M 3.

Tenedon: (34368) 7-83-10;

E-mail: a.lebed@tu-ugmk.com
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