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COBEPLUEHCTBOBAHWUE TEXHOAOTHUW NMEPEPABOTKHU YTAUCTBIX
30A0TOMbILIbAKOBUCTDbIX YMOPHbIX PYA Y3BEKUCTAHA

Y
g

K. C. CAHAKYJIOB, Y. A. SPTALLIEB, A. [JOBEPCEK,
pexTop, HaYanbHuK reHeparbHbIi AYPeKTop,
npog., A-p TeXH. HAYK,  TEXHOMIOrM4Yeckoro oThena, KaHg. TeXH. Hayk,
rektor@ndki.uz, [I-P TEXH. HayK, Komnawws Engineering
Hagowiickmii [T «Hapowickui ropHo- Dobersek GmbH,
roCYAAapCTBEHHBIA FOPHbIN METanypPrayeckmii MEéHxeHrnap6ax,
nHCTUTYT, Hasou, Kom6uHar», Hasow, [epmarns
V3bekuctaH V3bekuctaH
Beepenue

CoBpemeHHbIA MIPOBOI PbIHOK 30510Ta NEPEXMBAET Nepuof siB-
HOro fedinuuTa Ka4ecTBEHHOro MUHEPanbHOrO Chipbsi. 3anachl Me-
CTOPOXAEHWIA C NerkouaeekaeMbiMm hopMami 30510Ta B HACTOSILLEE
BPEMS NPAKTUYECKM UCTOLLEHBI, @ B NepepatoTKy BOBIIEKAKITCS CIIOX-
HbIE N0 CBOEMY BELLECTBEHHOMY COCTaBY pyLbl, OTHOCALLMECS K KaTe-
ropuy YNopHbIX 1 0C0O60 YMOpPHbIX, U3BIIEYEHNE 30110Ta U3 KOTOPbIX
TPaAVLMOHHBIMM METOAAMI KpaiiHe 3aTpyaHeHo. MoaTomy nouck ad-
(DEKTBHOM TEXHOMOMMW W3BSIEYEHNS 30M0Ta U3 TaknX Py B YCI0BM-
X HabnoJaloLLencs TEHAEHLMN POCTa MUPOBLIX LIEH HA 30110TO SBNIS-
eTCH aKTyarbHON Hay4HON Npobnemoi, MELLen BaXXHOE HapOoaHo-
X039iicTBEHHOE 3HaveHe [1].

© Canakynos K. C., 3prawes Y. A., [Jobepcek A., 2018

Wi3noxeHbl pe3ynbTaTbl paboT Mo MOUCKY PECYPCOCGEperaloLLel
TEXHOSI0rN WU3BIIEYEHNS 30/10Ta U3 TPYOHOOGOraTMbIX pya MEcTo-
poxaenni Kbi3biKyMCKOro pervioHa Y36ekncTana.

KnioueBbie cnoBa: 3051070, MbiLLbSK, YriepoAMCTbIE 06Pa30Ba-
HUS, BELLECTBEHHBII COCTAB, YNOPHbIE PYAbl, NEpepaboTka pygbl, 13-
BJI4eHve 30/10Ta, TEXHOIIOMVS GAKTEPUAITLHOTO OKUCITEHUS.

DOI: 10.17580/9zh.2018.09.08

3011070 B YNOPHbIX PyAax pacnpeaeneHo Ha aToMapHOM YPOBHE B
MaTpuuUe pafa Cynb(UOHbIX MUHEpanoB (MMpMT, apceHonupuT).
Creunduyeckoit 0cOGEHHOCTBIO CyLUECTBOBAHWS 4acTul, 30710Ta B
KpUCTanM4eckomn peLLeTKe ykasaHHbIX MHEparoB SBASITCS WX Ma-
Nble pa3mepsbl — 0T AECATKOB A0 ThICAYHbIX A0Me MUKpOoHa. MoaTo-
My 3010TO HE PacTBOPSIETCS LAHIPOBAHWNEM MpY CTaHAAPTHON Tex-
Honorvu. BTopasi no pacnpocTpaHeHHOCTM NPUYMHA YNOPHOCTU — Ha-
NNYKe B pyae 3HaYUMBbIX KOSIMYECTB YriepoancToro BewecTsa, KoTo-
poe MOXET Cop6rpOoBaTh 30710TO 13 LWAHNCTBIX PACTBOPOB, YBENNYM-
Bas TeEM CaMbIM NOTEPX 30/10Ta C XBOCTaMI TEXHOMOMYECKOra npo-
Lecca.

311 [1a hakTopa MOryT NposBAATLCS OAHOBPEMEHHO, YTO 0C060
YCMOXHSET TEXHOMOrVo nepepaboTku. Take pyabl NPUHATO Ha3blBaTb
pyaamu BoiHoi ynopHocTy (0co6o ynopHbIe).

bonblUMHCTBO Hay4HbIX pa3paboTok W ny6nuMKaunid nocnemHux
NeT B 06NacT 060raLleHns 1 MeTannyprit4yeckoi nepepaboTkn pya u
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KOHLIEHTPATOB GnaropofHblX METannoB Tak W MHa4Ye CBA3aHbl C
npo6remami N3BREYEHUS YNOPHOrO 30510Ta. B X pelleHni npuHMa-
10T y4acTue Hay4HO-1ICCNea0BaTeNbCKME OpraHn3aLin, NpeanpuaTLs
N KOMMaHUN MHOIMX CTpaH, SBRSIOLMECS OCHOBHBIMUM (Wi MpocTo
KpynHbIMYU) MPOV3BOANTENSMU 3TOMO MeTanna M3 PyaHoro Cbipbst
[2-91.

OpHM 13 rMaBHbIX NyTell NoBbILIEHNS Ad(EeKTUBHOCT NpoLEc-
Ca BbILIENa4MBaHIAS 3011078 U3 TPYAHOOBOraTMMOrO Chipbs ABMAETCS
NHTEHCUMIKALAS NPOLIECCa BCKPbITIAS YIOPHONM MaTpULbI 3IYECKM-
MM, XUIMWYECKAMI 1, 0COGEHHO, BMOMOrMYECKUMIA METORAMN.

Wccneporanus npoyecco GuooKMCNEHus
30/10TOCOAEPKALYMK NPOAYKTOR MECTOPOXKACHMA
Koxnarac u [layroizray

[ng nepepaboTkn TpyaHOOGOraTUMbIX CyNb(UAHLIX Pya MecTo-
poxnaeHni Koknatac v [Jayreiatay npoekTom npefycMoTpeHa TexHoro-
r1sl GaKTepIanbHOro OKWCIEHWS, MPW KOTOPOIA 30110TO [JOSKHO OCBO-
60XaaThCst M BbITb AOCTYNMHLIM AN LNAHCOAEPKALLNX PACTBOPOB.

PelueHne 0 NPYMEHEHU TEXHOMOMAM BUOOKICTIEHUS B Y36eKu-
cTaHe 6bino npuHsaTo B 1993—1995 rr. B 2008 r. 3aBepLueHo cTpo-
NTeNbCTBO MEPBO/ 0YEpeayn YCTAHOBKM BAKTEpUarbHOM0 OKWCTEHMUS
30/10TOCOAEPXKALLMX KOHLIEHTPATOB Ha Ga3e mecTopoxpaeruin Kokna-
Tac 1 [ayrbiaTay.

YcTaHoBKa C NPOEKTHOIM npoussoguTensHocTeio 1069 1/cyT npu
conepxanuu cynbtuaHoi cepbl 20 Y% BknoYana YeTbipe Momyns, B
CBOI0 04epefb, KaXbli MOfymb MEN TPW NEPBUYHBIX U TP BTOPIY-
HbIx peakTopa (Bcero 24 peakTopa) [10]. C BBOOM BTOpOi 04epem
YCTaHOBKM ee npounasoanTensHocTb npesbicuna 2000 T/cyT ¢ BoBne-
YeHnem B nepepaboTky (NOTALMOHHONO KOHLEHTPaTa MECTOpPOX[e-
Hus [layrbiatay, OTNMYaIOLLEracs BLICOKAM COfEPXXaHWEM Yriepoam-
CTbIX COCTaBMSIOLLMIX.

B xone paboTbl yCTaHOBKY N0 NPOEKTHOV TEXHOMOTNYECKON CXe-
Me HE YAanoch [OCTMYb HAMEYEHHbIX NoKasaTenen nepepatoTku
30/10TOMbILILSKOBUCTBIX CynbaHbIX pyA. puynHamu atomy no-
CIYKUINA:

* BO NEPBbIX — HECOGIIOAEHNE XECTKIX TPEBOBAHII MO NOCTOSH-
CTBY BELLECTBEHHOrO COCTaBa nepepaGaTbiBaeMblX (DIIOTOKOHLEHTPa-
TOB, HaMpaBrsieMbIX Ha BU0OKICNIEHNE, 113-3a Pa3HO06Pa3s pya MEcTo-
poxpeHui Koknatac u [dayrbiatay (40 pa3nuyHbix pyaHbix 3anexei);

e BO BTOPbIX — Hann4me 3HaumTenbHoro konuyectsa (15—20 %)
B pymax mectopoxpenuin Koknatac u [layrbiatay 3onoTa, accouumpo-
BAHHOrO C YrnepoancTbIM BEWecTBOM (yrnucToro 3onotal;

B TPETbUX — TECHAs accouuauys no Tuny «B3auMonpopacTa-
Hue» CynbMNO0B W YIINCTONO BELIECTBA.

MpakTika paBoTbl 3aBOLOB N0 NepepaGoTKe YNopHbIX 30510TOCO-
LepXalunx pya C MCnonb30BaHNEM TEXHOMOMAW BUOOKMCIIEHMS MOKa-
3bIBAET, 4YTO HA CEroAHSILIHWVA [eHb, N0 MHEHUIO aBTOPOB CTaTby, He-
[0CTATO4HO rMyBOKO 13y4eHO NoBeAeHNE GUOKEKOB MU WX [arbHei-
Lei nepepaboTke. B cBS3N ¢ 3TUM Ha NPEANPUSTUSIX, MCMONb3YIOLLNX
[aHHYI0 TEXHOMOTW0, YacTO BCTPEYAloTCS NPOBMEMbl PasnuyHoro
xapakTepa.

Mo peaynbtatam uccnenosanuin AO «Mprupegmet» (Poccus), B
kekax GuookucneHus octaetcs 40 14 % Hen3Bnekaemoro LuaHupo-

BaHeM 3070Ta, 13 kaTopbix 12 % coctaBnset yrnncToe 3onoTo. Mo-
CneqytoLLe MCCNe0BaHNs NoKasanu, YTo [ong YriucToro 3010Ta B
cynbmpHbIX pyaax mectopoxnaenns Hayreistay pocturaet 30 %.
Wccnenosakus, BoinonHeHHble cneuuyanictam HIMK, Bbissunm Ha-
e ao 15 % yrnucToro 3om0Ta B pyaax MecTopoxpaenuin Kokna-
Tac v Jayreizray [11].

VrnepopucTele 06pa3oBaHg, KOTOpbIE ABASIOTCS XapaKTepHOi
0COBEHHOCTbIO PYA MMYGOKMX FOPU3QHTOB 3TIX MECTOPOXAEHUNA, NO
[aHHbIM MCCMef0BaHNi, NPEACTABNSIOT arperaTbl TOHKOAMCMEPCHbIX
YacTML OpraHW4eckux BELECTB B CYGMIKPOCKOMMYECKOM PaccesH-
HOM COCTOSIHWM, MUTMEHTMPYIOLLE NOBEPXHOCTb APYriX MUHEPANOB 1
LemenTupylome 1. Mo xapakTepy HaxoXOeHus B pyde Kaxmoe Ta-
koe 06pa30BaHue KnaccuquuMpyeTcs Kak paccesHHoe yrnepoancToe
BELLIECTBO, COCTOSILEE U3 pacTBOpUMBIX (6UTyMOMAbI) 1 HEpacTBOpM-
MbIX (KEporeH) KOMMOHEHTOB.

YCTaHOBMEHO, YTO Hanu4ve B pynax MeCTOPOXAEHWN PacCcesH-
HbIX YTMEPOAMCTLIX 06pa30BaHil 0Ka3biBaeT BIIOKMPYIOLLEE AENCTBIE
Ha 30M0T0 W Cynb(uabl NPY BEAEHAM TEXHONOTMHYECKIX OmepaLuil.
370 06yCroBnEHO TECHOI MPUPOAHOA accoumalyeid yrnepoancToro
BELLIECTBA C 30710TOM U CynbupaMu, a Takke 06pa3oBaHiiem BTO-
PUYHBIX (TEXHOrEHHbIX) MOKPLITUA Ha NOBEPXHOCT MUHepanos [12].

[ns onTMn3aumm TexHoNoruyeckmx nokasarenei nepepagoTku
PYA [BOVHOA YNOPHOCTW NPOBE/EHbI MHOTOYMCIEHHbIE WCCIEM0Ba-
Hus cneunanuctamm Hasowitckoro MK, Hay4Ho-uccnenoBaTenb-
ckuMu opranmaaunsamn Pecny6nukn Ya6ekncTaH u Poccuiickon Me-
pepauvu. Kpome Toro, K MccrnenoBaHusamM Gbini MPYBMEYEHb! 3apy-
6exHble komnaHuy: Outotec (PunnaHous), Engineering Dobersek
GmbH (F'epmanug), Gencor Process (HOAP). PeaynbTtaThl npose-
[EHHbIX 1CCNEAOBaHUI NO3BONMNN CAENaTb BbIBOA, YTO Creumans-
HbIV1 NOAX0/ MPY OKUCAMTENLHOM 06XUre GroKeKa NO3BOMSET CyLLe-
CTBEHHO U3MEHWUTb MOMOXEHME MO YNYHLWIEHWI0 NOKA3ATENeA TEXHO-
NOrNYecKnX NpoLECCoB.

VunTbiBas NONOXUTENBHYIO POMb MpoLecca G1OOKMCIEHNS, CBS-
3aHHYI0 C BLIBOAOM 3HAYMTENBHON YacTW MbllLbsika 3 NpopyKTa 6uo-
OKUCNEHNS, BbIN0 MPUHSITO PELLeHe 0 KOMBMHIPOBAHHOM BapiaHTe
OKUCTEHNS CynbuaHbIX pya. Ha HavyanbHOM aTane okucneHve ¢no-
TOKOHLIEHTPATA OCYLLECTBSETCS MO CXEME BUOOKMCIIEHMS, NPU KOTO-
POM BCKPbIBAETCS CYNb(MAHOE 301070, 3HA4UTENbHAS YaCTb MbLLbs-
ka pacTBOPSIETCA 11 3aTEM NEPEBOAMTCS B TBEPAO0E COCTOSHUE B BULE
HepacTsopimoro ckopoauta (FeAsO,). 3aTem npoaykT 6uooKMcneHmus
C HW3KUM COfEPXXaHMEM MbllUbsIKA MOJBEPraeTCs OKUCNUTENbHOMY
06Xury, Npu KOTOPOM BCKPbIBAETCS YIMMCTOE 3011070, OKWCASETCS
B3auMocpocluas ¢ yrnepoaoM cynbtuaHas cepa. Orapok okvcnm-
TEMbHOro 06XWra HanpaBneTcs Ha COp6LMOHHOE LiNaHNPOBaHNE 30-
nota. CornacHo pesynsTaTam Na6opaTopHbIX UCMbITaHWA, Hambonee
BbICOKME MOKA3aTeN/ CKBO3HOTO M3BMEYEHWs 30MmaTa [OCTUraTes
MpW HanpaBneHN Ha OKCIUTENbHBIA 06XMUr XBOCTOB COPBLMOHHOMD
BbILLENa4MBaHS NPOAYKTa BUOOKICIEHMS.

Pe3aynbTaThl NCCMEN0BaHIA 3aNaTEHTOBaHbI B MATEHTHOM BELOM-
ce Pecny6nmkn Y36ekuctaH. B 2017 r. Ha MeXayHapoaHOM KOH-
Kypce 3a [aHHbI NaTeHT npucyxaeHa 3onoTas medans BeemupHol
opraHu3auum uHTennekTyanbHon cobetBeHHocT npu OOH «3a
1306peTaTensCTRO».
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B HacToswee Bpems KOMGUHAT COBMECTHO CO CrieunanicTamm
komnavum Engineering Dobersek GmbH (F'epmanus) nposogut
OMbITHO-NPOMBILLSIEHHbIE UCTIbITAHWS C UCMOMb30BAHNENM COBPEMEH-
HOI BbICOKO3((EKTUBHOM NEYM 06XMra C LMPKYINPYIOWAM KANFLLUM
CNOEM, C NocreaytoLLM BHELPEHUEM B NMPON3BOLCTBO.

3akniouenue

B peaynbTaTe npon3BofCTBEHHbIX 3KCNEPUMEHTOB 11 AETaMbHbIX
Hay4HbIX MCCnefoBaHuin 060CHOBaHa Hanbosee 3 eKTBHAS TeX-
Homormg mepepaboTkM TPYAHOOBOraTMMOro 30M0TOCOAEPKALLEro
CbIpbS.
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Abstract

The modern global market of gold goes through the time of deficiency of high-quality product. Readily
recoverable gold reserves are being gradually depleted, and the processing industry is increasingly more
frequently fed with gold which is difficult to extract using conventional techniques. For this reason, it
is of the current scientific concern and economic significance to find an efficient technology for such
gold recovery.

Rebellious ore category includes gold-bearing sulfide ore from the Kokpatas and Daugyztau deposits
situated in the Kyzylkum Region of Uzbekistan. The ore features highly variable composition, as well as
considerable content of arsenic and carbonaceous matter tightly bonded with sulphides. At this time,
ore is processed using a bacterial oxidation plant at deficient gold recovery as against the project. The
detailed studies found out that the deficiency was caused by the lack of insight into biocake processing
mechanism, which resulted in high loss of recoverable gold. In the studies, some foreign companies
were engaged, including Engineering Dobersek GmbH, Germany.

The research findings allowed drawing the conclusion that a dedicated approach to oxidizing roasting
of biocakes could essentially improve the process performance. It was decided to use a combination
scenario in sulphide ore oxidation. At the first stage, flotation concentrate is to be subjected to
biooxidation to dissociate sulphide gold as well as to dissolve considerable portion of arsenic and
transfer it into solid state in the form of insoluble scorodite (FeAsO4). After that, the biooxidation
product with low arsenic content undergoes oxidation roasting to dissociate carbonaceous gold and
to oxidize sulphide sulphur aggregated with carbon. The roasted product is sent to sorptive cyanidation
of gold. By the lab-scale testing data, the highest end-to-end gold recovery is reached in oxidation
roasting of tailings after sorptive leaching of biooxidation product. The results of the investigation are
patented by the patent entity of the Republic of Uzbekistan.

6. LuW-H., Yin Z-L. Study on thermal decomposition and arsenic removal of a silver bearing
copper ore // International Journal of Mineral Processing. 2016. Vol. 153.P. 1-7.

7. Yang T, Rao S., Liu W., Zhang D., Chen L. A selective process for extracting antimony from
refractory gold ore // Hydrometallurgy. 2017. Vol. 169. P. 571-575.

8. WangY, XiaoL., LiuH., QianP, YeS., Chen Y. Acid leaching pretreatment on two-stage roasting
pyrite cinder for gold extraction and co-precipitation of arsenic with iron // Hydrometallurgy.
2018.Vol. 179.P. 192-197.

9. Natarajan K. A. Biotechnology of Metals: Principles, Recovery Methods and Environmental
Concerns. — Amsterdam : Elsevier, 2018. — 502 p.

10. A1 san Hukepx. CoBeplueHcTBOBaHMe TexHonorum BIOX // TopHblit BecTHK Y36ekucTaHa.
2009. N 3(38). C. 69-76.

1. Canarynos K. C.,, Mycmakumos 0. M., Ipzawes Y. A., Axamos H. A. O uenecoobpazHocTv npu-
MeHeHNA KOMOMHUPOBAHHbIX TeXHONOTWiA ANA nepepaboTkin 0Co60 yNOPHbIX 3010TOCYNb-
duaHbIx pys // TopHbIii BecTHUK Y36ekucTaHa. 2015. N 2(61). C. 3-7.

12.  Canakynos K. C, Ipeawes Y. A. Teopua u npakTvka 0CBOeHNA nepepaboTkin 3010T0coAEp-
KaLuyx ynopbix pya Kbi3binkymos. — Tawuken : [T <HUUMP», 2014. — 286 ¢. [EI

At the present time, Navoi MMC jointly with the German specialists from Engineering Dobersek GmbH
carry out commercial tests of the technology using modern circulating fluidized bed boilers, with a view
to subsequent introduction of the method into industry.

Keywords: gold, arsenic, carbonaceous inclusions, material constitution, rebellious ore, ore processing,
gold recovery, bacterial oxidation technology.
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