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Hydrometall urgicalinvestigations of gold antimony flotation concentrate have been carriedout.
XRD and chemicalanalysesoftheconcentratehave beenstudied. Mainly, the material consists of
compoundsofantimony, silicon, calcium, sulfur and iron. The main phases are quartz, stibnite,
calcium carbonate and ankerite, pyrite and arsenopyrite have been found as well. The feature of an
timonite sdissolvinginalkaline solutions has been reviewed. The dependencesofeffectsofthetemperatu
re, time, L/Sratioand NaOH concentration on the extraction antimony and sulfur from the flotation
concentrate have been determined. During sulphide-alkaline leaching of the starting material several
physicochemical characteristics of gold dissolution has been identified.

Agitated cyanide gold leaching test of the disantimoniedcake was conducted. Goldrecoverywas
32,2 %. The obtained low indexes of gold recovery are based on cyanidation. A nitric acid leaching of

disantimonied cake was proposed.
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HccnenoBanue u pa3padoTKa TEXHOJOTHH NepepadoTKH

30JI0TOCYPbMSIHOTO ()JIOTAIIMOHHOTO KOHIIEHTpaTa
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*Vpanvckuii pedepanvhvlil yHusepcumem

um. nepsozo Ilpesuoenma Poccuu b.H. Envyuna
Poccus, 620083, Examepunbype, np. Jlenuna, 51

Ilposedenvr uccnredoganus no 2UOPOMEMALLypeUeckol nepepabomke 3010MOCYPbMAHO2O
@romayuonnozo Konyewmpama. H3syyenvi onemenmmuuiii U Qazoevili cOCMAgbl  UCXOOHO20
mamepuana. Komyenwmpam npeocmasnen 6 OCHOBHOM COCOUHEHUAMU CYPbMbL, KPEeMHUA,
Kanvyus, cepvl u ccenesd. OCHOBHBIMU azamu AGNAIOMCA: Keapy, CcmubHum, Kapbonam
Kaabyus u ankepum, maxoice oonapysicenvl nupum u apcenonupum. Paccmompenst ocobennocmu
pacmeopenus cmubHuma 6 cyn1buoHo-ujenounslx pacmeopax. Onpedenenvl 3a8UCUMOCIU GIUAHUSL
memnepamypwl, epemenu, coomuowenua X:T u konyenmpayuu NaOH na uzeneuenue cypvmvi u
cepvl U3 PIOMAYUOHHO20 KOHYeHmpama. YcmanognieHa 8eposmHOCmb nepexodd 3010Mma npu
CYNbOUOHO-WYETOUHOM BbIYENAUUBAHUY UCXOOH020 Mamepuand. OnpedeneHbl HeKOmopbie PUUKO-
Xumuieckue Xxapakmepucmuxku pacmeoperus 3010ma npu cyio@UOHO-ea04HOM BbleaadU8aHUU.
Ilposedenvt  onvimvl  no  ASUMAYUOHHOMY — YUAHUOHOMY — GbIYENAYUBAHUIO  3010MdA U3
obeccypvmanucmozo Keka. Hszeneuenue 3onoma cocmasuno 32,2 %. Ha ocnosanuu nonyueHHwix
HU3KUX NOKA3amenell U361e4eHUs 3010Ma NPU YUAHUPOBAHUU NPEOTIONCEH CROCOD NPEO8aApUmMenbHO20

6CKpblmus 06eccyprﬂHucm020 KeKa — d30MmHOKUCIOMHOo¢E ebliyeladueaHue.

Kniouesvle cnosa: d?]lOWlOKOHL]eHmpam, cypbvma, 30710mo, Cyﬂbd)u()HO-WEHOHHOe evluyeiavuearue,

yuarnupoeaniue.

Beenenue

TenneHI S HEOOXOAUMOCTH MEPEPaOOTKHU CYPHMSIHUCTBIX 30JI0TOCOACPIKAIINX Py CTAHOBUTCS
Bce Oosee akryanpHOU. [Io HEKOTOPBHIM AaHHBIM [1], mONs MepepaOOTKU TaKUX Pyl O4eHb Mana. B
Poccun 3010T0I00BIBaIONME KOMIIAHUN CKIIQJIUPYIOT TAKHE MaTepHAaJIbl Ha CIIELUAIbHBIX MTOJUTOHAX
1n60 nponatoT B Kuraii Ha cypbMsSIHUCTBIE 3aBOAIbL. VI3BiI€UeHHE 30510Ta TPAAUIIHOHHBIMHA METOIAMHU
[2] u3 Takoro chipbsi Majg03(p(eKTHBHO. A N3BIIEUECHHE OJTHOM TOJIBKO CYPbMBbI 3 MOAOOHBIX MaTepHa-
JIOB SIBJISIETCS] HEPALIMOHAIBHBIM.

B HacTod1Iee BpeMsi B MEPOBOH IIPAKTHKE CYIIECTBYET O0JIbIII0€ MHOr000pa3ne TeXHOJIOT Uil 110
nepepaboTKe YHOPHBIX CYIb(QHUIHBIX 30J0TOCOAEPKANINX KOHIEHTPaToB [3]. CIOXKHOCTH M KaluTa-
JIOEMKOCTb TPaAUIIMOHHBIX TEXHOJIOTHH CTAHOBSITCS MIPUUYMHAMU Pa3paboTOK albTePHATUBHBIX TEX-
HOJIOTHH, HAIIPABJICHHBIX Ha OBBIIIEHUE KOJIOTMYECKOH O€30MaCHOCTH 1 CHIDKEHHE KalTUTAIbHBIX 1
IKCILTyaTallHOHHBIX 3aTpaT. HepocTaTky CymecTBYIOINUX METO/IOB TIOTOTOBKH YIOPHBIX CYIb(HI-

HBIX 30JI0TOCOJEP)KAIINX Py W KOHIIEHTPATOB MOAPOOHO paccMOTpeHbl U onucansl [4, 5]. OnHako
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BBICOKOE COJIEp)KaHUE CyPbMBbl MEHSIET TEXHOJIOTHIO MTOJIOTOBKH CYJIb(MHIHOTO 30J0TOCOAEPIKALICTO
KOHIIEHTpAaTa K IUaHUPOBAHHUIO.

OCHOBHBIM MUHEPAJIOM CYPBMBI SIBISAETCS CTUOHUT, IPUCYTCTBYIOUINI NOYTH BO BCEX T€HETH-
YECKHX THIAX CYPbMSHBIX MecTOpokaeHHH. CyppMy dHalle BCEro MOoIy4aroT MUPOMETaJlTyprude-
CKMMH METOJIaMH, OZHAKO MPH BHIOOPE KOMIUJIEKCHOM CXEMBI MepepabOTKH 30I0TO-CYPbMSIHUCTBIX
KOHIIEHTPAaTOB HE MEHEe Ba)KHA HKOHOMHYECKas cocTaBisiomas. IIpy Tekymux neHax Ha cypbMy
PEHTa0eNBbHOCTH MepepabOTKH HU3KOCOPTHBIX KOHIIEHTPATOB MUPOMETAJLIYy Prud4eCKUMH CII0co0aMu
CTaHOBHTCSl HEPEHTAOETHHOM.

30J10TOCYPBMSHUCTBIC PY/Ibl OTIHYAOTCS BBICOKHM comepskaHueM 3osoTa (ot 1,5 no 8 r/1) u
cypsMbl (0T 0,6 1o 10 %), onHaKo cuMTaeTCs TPYAHBIM OOBEKTOM JUISl IMAHUPOBAHMS. MUHEPAIBI
CYpPBMBI, B3aUMOAEUCTBYSI CO LIETOYHBIMHU IUAHUCTHIMHU PaCTBOPAMHU, PE3KO CHMIKAIOT MU3BJICUEHUE
30JI0Ta ¥ IPUBOJAT K ITOBBIIIEHHOMY PACXOAY pPeareHTosB [6].

3050TOCYIb(GUIHBIA KOHIIEHTPAT NepepadaThIBAIOT Pa3IMYHBIMU CIIOCOOAMH B 3aBUCUMOCTH OT
coziepkaHus cypbMbl. Tak, HarpuMep, komanuss GeoProMining Ltd, camblii KpyITHBIH TPON3BOIH-
TeJb 30JI0TOCYPBMSHHUCTHIX KOHIICHTPATOB B Poccuy, nCnonp3yeT KOMOMHUPOBAaHHYIO CXEMY H3BJIE-
YeHUs 30J10Ta U ¢y pbMBbl. CriepBa 30JI0TO U3BJIEKAIOT IPABUTALMOHHBIM CIIOCOOOM, BBIAETSS KPYITHBIE
YacTULBL. 3aTeM XBOCTBI IPAaBUTALMHU MOJBEPratoTcs (IIOTALUU C MOIYUYSHHUEM 30JI0TOCY PbMSIHOTO
KOHLIEHTpaTa [7], KOTOPbIU SIBJISIETCS KOHEUYHBIM IPOJYKTOM.

[Ipu HU3KOM COMEPKAHUU COSNMHEHUN CYpPBMBI M BEICOKOM COIEPIKaHHH MHUPHUTA U apCEHOIH-
pHTa KOHIEHTPAT MTOJBEPraloT OKMCIUTEIBLHOMY 00XKHTY C OCJIEAYIOINM IHaHupoBanueM. [1pu co-
JepKaHUU CypbMBI B KOHIIeHTpaTax oT 10 10 20 % ero oTmpaBisioT Ha THAPOMETAIIYPrHUECKYIO
mepepadboTKy.

Iens HacTosmel paboOTHI — MPOBECTH aHAJIUTUYECKUE HCCIIEIOBAHUS CHIPhS C OMpPEeIEHUEM
JIEMEHTHOTO M ()a30BOT0 COCTABOB; MMOJOOpATh MapaMeTphl CyIb(HAHO-IIEIOYHOIO BhINIEIadYHBa-
HUSl CTUOHUTA; BBISIBUTH OCOOCHHOCTH a30THOKUCIOTOHOT'O BCKPBITUS TPYAHOPACTBOPHUMBIX COCIH-

HEHMH 30JI0TOCY pbMsIHOTO (uioTanmoHHoro koneHTpara AO «Ilomrocy.

Teopernuyeckas 4acTb

W3-3a nposiBieHus: aM(pOTEPHBIX CBOWCTB CyphbMa PacTBOPSACTCS KaK B KHCIOTHBIX, TaK U B IIe-
JIOYHBIX pacTBOpax. OXHAKO B MPOMBIIUICHHOCTH B OCHOBHOM IIPUMEHSIOT BOJHYIO CMECh CYIIb(pHaa
HATPUSI U €IKOr0 HATpa s pacTBOpeHus cTuOHuTa. lllenoynsie pacTBOphI Cyabbuaa HATPUS JCH-
CTBYIOT KaK YHHBEPCAJIbHBIA U CENEKTUBHBIN PACTBOPUTEID JUISl OOJBIIMHCTBA CYPbMSIHUCTBIX MH-
HepasioB. OHAKO UCKIIFOYCHHEM MOXET OBITh MBIIIbSK, OJIOBO H PTYTh [8].

PaCTBOpeHI/Ie CTHOHHMTA MOYKHO OITUCATh C.TIe,E[yIOH.Ieﬁ peaKuI/IeI?'I:
Sb2 S3 (18) +3 N32 S()K)=2Na2 SbS3()K),
AGY9g=-71,41 KJI/MOI. (1)

W3menenue cBOOOAHON dHepruu I'mbOca MMeeT OTPHUIIATEIBHOEC 3HAYCHHUE, COOTBETCTBEHHO,
peaxius SBISETCS TEPMOJNHAMHYCCKH BEpOsTHOH. JloOaBiIeHne THAPOKCH 1A HATPHS UTPAET O4eHb
BRXHYIO POJIb B pacTBOpeHUHU cTUOHUTA [9]. B nepByio ouepenp, TJPOKCH]T HATPHUSI MPEMSITCTBYET

TUAPOIN3Y NaZS, peakuursa MOXCT MMPOTCKATh B ABC CTAAUU:
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Na,S+H,0=NaHS+NaOH,
AG95=-66,99 KJ5K/MOIB, )
NaHS+H,0=H,S+2NaOH,

AGY95=-79,65 KJIK/MOIb. )

CymMmapHas peakiusi XMMUYeCKUX B3aUMOACHCTBUH 2 U 3
Na,S+2H,0=H,S+2NaOH. 4

B ycnoBusix, korna B cMecu pactBopoB Na,S n NaOH cTaHOBUTCSI HEIOCTATOYHO Cylb(duaa Ha-
TpHS — OCHOBHOTO pacTBoputeis, NaOH He TOibKO BRICTYIIAeT KakK MOJaBUTENb TuAposin3a Na,S, HO

U JEHCTBYET KaK JOIOJHHUTEIbHBII pacTBOPUTEIb CYyPbMbl B COOTBETCTBUHU € peakiuei 5 [11]:
Sb,S3;+6NaOH=Na;SbS;+Na;SbO5;+3H,0. %)

Cynbdu HATPUsE MOXKET TaK)Ke pearupoBaTh C KHCIOPOJOM U JTMOKCHAOM YTJIEpOAa, MPHUCYT-

CTBYIOIINM B aTMoc(epe BO3IyXa, B COOTBETCTBHH C peakIusaMu [12]

Na,$+3/, 0,=Na, S0, ©6)
2N32 S+H2 O+C02:2NaHS+Na2CO3 . (7)

Peakiuu 1 1 5 ONUCHIBAIOT MPOLIECC PACTBOPEHUS CTUOHUTA B CYJIb(HIHO-IIEIOYHBIX PACTBO-
pax ¥ IpeACTaBISIOT cOOO0M CIIOXKHYIO CHCTEMY Pa3JINYHBIX 31eMeHTOB (Sb, S, Na), koTopsie 00pa3zy-

10T KOMILIeKCHbIC HOHBI [13]. [ToGo4HbIe peakiuu 6 u 7 HeXKeIaTSIbHbI IJIs1 PACTBOPEHUS CTUOHHTA.

MeToabl 1 MaTepHAIbI

HcenenoBanne MaTepnaJia M NPOAYKTOB BbILIeIaYNBAHNSA. JIEMECHTHBIC aHATN3BI (PIIOTAIH-
OHHOT'O KOHI[EHTpaTa U KEKOB IPOBOJIMIIM HA PEHTT€HOCIIEKTPAIBHOM (hIIyOPECHEHTHOM CIIEKTPOME-
Tpe AxiosMAX ¢upmer PANalytical. ®a30BbIit ananmmu3 QpIOTOKOHIIEHTpaTa BEIIOIHEH Ha Iuppak-
tomerpe XRD 7000 Maxima. MUKpOpPEHTI€HOCIICKTPAIbHBIN aHAJIN3 MPOBEACH HA CKAHHPYIOIIEM
anekTpoHHOM MuKpockone Quanta 200 ¢upmer FEI. Conepikanue 3010Ta onpeaesiii npodupHo-
Macc-CHeKTPaJbHBIM METOJIOM C HHAYKTHBHO CBS3aHHOM mia3moi Ha npudope NexION 350D. Pac-
TBOPBI AaHAJIM3UPOBAIIHM HA MACC-CHIEKTPOMETPE C MHAYKTHBHOCBA3aHHOH mna3moil ELANDRC-e.

HuanupoBanune koHuenTpara. K HaBecke ¢ioTokoHIieHTpaTa Maccoi 10 r 700aBIsAId BhIIIE-
nauuBaromui pacteop B oo0beme 100 cm® mpu JK:T=10:1. EMKOCTH ¢ MONyYEHHOM MyIbIION MTOMEIIATH
B OYTBUIOYHBIN arutaTop, rie MyJblly nepeMeninBaiy B Tedenue 24 4. U3 cogepxumoro otoupanu
AIHUKBOTH 00beMOM 50 cM?, KOTOpBIe (GHIIBTPOBAIM M aHAJIIU3UPOBAIH Ha coxepxanue 30i10Ta. Co-
CTaB BBILIEIAYMBAIOIIUX pacTBOPOB: KoHIeHTparus NaCN — 3,0 r/nm?, NaOH — 2,0 r/nm?, pH=11,0.
Pe3ynbpraThl IMaHNHOTO BBIIIEIAYMBAHUS 30J10Ta U3 (IOTOKOHILIEHTPATA IPEACTaBJICHHI B Ta0I. 1.

CyabduaHo-11e104HOe BhILIEJAYUBaHUE. DKCICPUMEHTHI 10 BBIIIEIAYHBAHUIO CYPBMBI ITPO-
BOJWJIM TIPH aTMOC()EpHOM JaBJIIEHHHM B CTEKJISIHHBIX cocyaax. [lepememnBaHue OCYLIECTBISAIOCH
3a CYeT MarHUTHOW Memaliku. Temmeparypa peryjiupoBajiach 3a CUeT MOJOrpPeBaeMON MarHUTHOU

MEIIAJIKM ¢ IIOCTOSHHBIM MarHuToM. Mcnons3oBanu PCAaKTUBBI MAapKH XUY. B cmech ruaApokcruaa Ha-
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Ta6nuna 1. Pe3ynbTaThl HHAHUIHOTO BBILICIAUABAHMS 30JI0Ta U3 UCXOAHOTO (PIIOTOKOHIICHTPATA

Table 1. Resultsofagitated cyanide gold leaching test of flotationconcentrate

Hexontoe Konuenrpaus ;A 4 H3BnedenHoe Au, 1/t Hssneuenue Au, %
cozmepkanue Au, /T B p-pe, MI/AM
60 1,822 18,22 30,4

TPUS U CyIb(QuIa HATPUS JOOABISAIN TUCTUIUITUPOBAHHYIO BOMY M HATPEBAIH IO HEOOXOIUMOU TEM-
nepaTypbl, 3aTeM J00aBisLau HaBecky (aoranuonHoro kouieHTpara 10 wiau 100 r. Ilo okoHuaHUH
SKCIEPUMEHTA MyIbIy (PUIBTPOBAIHN, TIONTYUYSHHBIA KEK CYIIIUIH U TIepeJaBali Ha aHalIU3 C MTOJTHOU
pacmudpoBKoii criekTpa.

A30THOKHCJIOTHOE BhIIeJdaqyuBaHue. OMbBITH M0 a30THOKUCIOTHOMY BBIIIEIAYNBAHUIO IIPO-
BOJIMJIM Ha 00€CCYpPbMSIHUCTBIX KE€Kax IPU aTMOC(HEpHOM AaBJICHUH B CTEKJISIHHBIX cocyaax. Ilepe-
MEIIMBAHUE OCYIIECTBISUIOCHh 332 CUET MEXaHHMYECKOro aruraropa mpu 250 mun' u Temmneparype
80-100 °C.

Pe3yabTaThl M HX 00CyK/IeHHE

HcciienoBanue MCXOHOr0 Marepuajia. JJIEMEHTHBIM cOcTaB (IOTANMOHHOIO KOHIEHTpATa
npeacTasicH B Taba. 2. OcHOBHbIC 00HapyKeHHbIe (as3sl: kBapir (Si0,) — 43,7 %, ctubHuT (Sb,S;) —
28,9 %, xampuut (CaCO;) — 12,0 %, ankepur (Ca(Fe,Mg,Mn)(COs),) (puc. 1). Takue accounanuu
XapaKTCPHBI I KBaApU-30JJ0TOAHTUMOHHUTOBBIX HOHI/IcyHL(bI/II[HBIX pyAa, 4TO OTHOCUTCS KO BTOPOCTE-
MeHHOMY TUIy py 1 OJIUMIHAAMHCKOTO MECTOPOXKICHHSI: CYIECTBEHHO AaHTUMOHHUTHBIE C TIOYUHEH-
HBIM COJEpKaHUEM JpYyrux MUHepaioB [14, 15].

MUKPOPEHTICHOCIIEKTPAIBHBI  aHATM3 HCXOMHOIO ChHIPhSl [OKA3ajl HAJIWYHE CYPbMbI
(19,69 at. %), cepsl (34,25 at. %), xxeneza (10,67 at. %), kucnopona (26,63 at. %) u 1p. B UICXOJHOM
CBIPbE, YTO MOATBEPHKAACT HANYIKNE KPEMHe3eMa, CTHOHUTA, apCECHOMUPHUTA U mupuTa (puc. 2).

BoimesaunBanue cypbMbl. VcciieoBaHus N0 BBIIEIAYHMBAHUIO CYPbMbI IIPOBOJIMIIHCH C 1ie-
JIbI0 YCTAHOBIICHHSI ONTHMAJBHBIX MAapaMETPOB PACCMATPUBAEMOr0 TEXHOJOIMUYECKOTO IMpoIecca.
H3ydaemMbpIMHU napaMeTpaMHU SBISUIMCH: TEMIIEPATypPa, COOTHOLIEHUE JKMAKOTO K TBEPAOMY, BpPEMs
BBIIE/IAYMBAHUS U KOHIIEHTpALUs TuaApokcuaa Harpust (tadmn. 3). Konnenrpauus Na,S Bo BCex OIbI-
tax cocrasisiia 100 /o>,

CocTtaB 00ecCypbMSIHUCTBIX KEKOB Mpe/IcTaBiieH B Ta0i. 4. Onpe/esieHbl 3aBUCUMOCTH BIUSHUS
TeMmIreparypbl, BpemMeHu u cootHoureHus JK:T Ha u3BJiIeYeHHE CYpbMBI M Cepbl U3 (PIOTALHOHHOTO
KOHIICHTPATA.

Kaxk Buanm, u3BiedeHre cypbMBbl B pacTBOpP cocTaBmiio oT 79,9 mo 98,0 %.

Tabnuua 2. DneMeHTHEIH cocTaB (aotanuonHoro koHneHTpara AO «Ilomrocy

Table 2. Chemical composition of the flotation concentrate PJS “Polys”

DneMeHT As Ca Fe Mg o S Sb Si Au Ipoune

Mmac. % 1,9 13,14 8,95 1,46 23,15 | 12,01 | 20,59 | 15,71 | 58/t 33,1
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4aan

Puc. 1. luddppakTorpamMma HCXOTHOTO KOHIICHTpATa

Fig. 1. XRD pattern of flotation concentrate

Onemerr Wt% At%
(0] 08.65 26.63

As 01.42 00.93

Si 01.36 02.38
Au 01.40 00.35

S 22.29 34.25

Sb 48.65 19.69
Ca 04.14 05.09
Ca 04.14 05.09

Fe 12.10 10.67

Puc. 2. Muxkpodororpadus u J0KaJIbHbIH XMMUYECKUI aHATU3 BBIICICHHOW 00JaCTH HCXOAHOTO KOHIIGHTpaTa

Fig. 2. SEM image with table with chemical elements of flotation concentrate

Kak BunumM Ha rpaduke (puc. 3), c poCTOM TeMIIepaTypbl yBEIUYHBAETCS IEPEXO CYPbMBI B pac-
TBOP, U3BJIeYeHNE JOCTUTIO0 97 %. OnHaKO Iepexos cephl B paCTBOP COKPATHIICS MTPOIOPIMOHAIBHO.
C poctom konueHTtparuun NaOH mepexon cepsl B pacTBop yBenunuuBaercs (puc. 4), a u3BJiedeHUe
CYpPBMBI CHH)KAETCSI, YTO TOATBEPKAAET MCCIIEN0BaHNs aBTOPOB [16], uTo moOaBiIeHNne TUAPOKCUI-
HOHOB B CUCTEMY HECKOJIBKO YBEIIMUNBAET PACTBOPEHHE CEPHI.

[TponomKHUTeNbHOCTD BBIIENaYNBAHNS (IIOTOKOHIIEHTpaTaTa 1 yBennueHue coornomenns JK:T
(puc. 5 u 6) 3HAYUTENHHO HE MOBJIHSIN Ha MEPEX0]] CYPbMBI B paCTBOP, U3BJICUEHUE COCTABUIIO 97,5
u 97,1 % coorBercTBeHHO. KonTponsuslil onsIT npu XX:T = 4:1, temneparype 50 °C u BpeMeHU BbI-
niesladuBaHus 2 4 MoKasal, 9YTo U3BJeUeHHUe CypbMbl CHU3MIOCH Ha 10 % u coctaBuio 87,9 %.

[Tpn yBennyeHnn BpeMeHH BBILIETaYMBaHMs BO3pACTaeT U3BJIeUeHHE. MaKkcuMalbHas CTENEHb
M3BJICUEHUS CypbMBI ocTUrIa 98 % (puc. 7). YcTaHOBIEHO, YTO MPOIAOKUTEIBHOCTD BhIIIEIaYNBa-

HHs 0ojiee 3 4 3HAYNUTEILHO HE BIIMSIET HA U3BICUCHUE CYPBMEI B paCTBOP. Taxkum 06pa30M, B [OCIIAX
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Tabnuua 3. [TapameTpbl BeILIETaYMBAHUS CYPHMBI

Table 3. Alkaline leaching’s factors of antimony

Ne .. Temmeparypa, °C KT Bpewmst, u Creon, T/1M? Chazs, T/OM?
1 30 6 3 40 100
2 40 6 3 40 100
3 50 6 3 40 100
4 50 6 1 40 100
5 50 6 2 40 100
6 50 4 3 40 100
7 50 2,5 3 40 100
8 50 4 2 40 100
9 50 4 3 40 100
10 50 4 4 40 100
11 50 4 5 40 100
12 50 4 24 40 100
13 60 4 4 40 100
14 50 4 60 100
15 50 4 80 100

Tabauua 4. DneMeHTHBIH cocTaB 00eCCYPbMSHHUCTHIX KEKOB

Table 4. Chemical composition of the antymonyless cakes

OneMeHT As Ca Fe Mg S Sb Si Au
Mmac. % 3-34 |16,3-18,6 | 10,9-14,5| 1,9-2,1 | 5,50-8,0 | 0,67-5,3 | 19,2-20,6 | 52,8-78,4 r/t
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Puc. 3. I'padik 3aBUCHMOCTH BIUSHUS TEMIEPATy Pl Ha U3BICUEHUE CYPBMBI H CEPBI B PACTBOP

Fig. 3. Dependence of antimony and sulfur recovery on the temperature
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Fig. 4. Dependence of antimony and sulfur recovery on NaOH concentration
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Puc. 5. I'paduik 3aBUCHMOCTH BIMSIHUS BPEMEHH BBILEIa4YMBaHKsI HA U3BJICUCHUE CYPbMBI H CEPBI B PACTBOP

Fig. 5. Dependence of antimony and sulfur recovery on the time

NPOMBIIIIEHHONW MepepadOTKH 30JI0TOCYPbMSIHUCTBIX KOHLEHTPATOB HEOOXOIMMO YUUTHIBATH, YTO
IIPHU COKPAIIEHUH COOTHOIIEHHUS XKHJIKOTO K TBEPAOMY HEOOXOIMMO YBEIMUNBATH BPEMsI BBIIIEIIAUH-
BaHUSL.

IMpn cynab(uIHO-IIENIOYHOM BBIIIETAYMBAHUM CTHOHNTA B PAcTBOpPE TaKXe 0Opa3yloTcs THO-
cyibdarel [17]. JlureparypHble JaHHBIE TIOKA3bIBAIOT, YTO THOCYJIb(pATHBIE COCAMHEHUS SBIISIOTCS
CTPYKTYpPHBIM aHAJOTOM Cyib(ara, IJie OIWH aTOM KHCIOPO/a 3aMEIeH aTOMOM Cepbl. YHHKaJb-
HOCTbh THOCYJb(aTa 3aKII04aeTCcsl B CIIOCOOHOCTH K KOMILIekcooOpaszoBanuw. OOpazoBaHue THO-

cynb(haTa MPOUCXOINT MO cienyromeii peakunn (8):
2Na2 S+202+H2 O=Na2 8203+2NaOH,
AGI95=-836 KJIK/MOT . 8)

30510TO ¢ THOCYIb(AT-HOHOM 00pa3yeT MPOYHBINA KOMIUIEKC cocTaBa [Au(S,0s),]7, usmenenue

sHepruu [mO6ca oOpazoBaHus KOTOPOro cocTaBiseT -1024,9 kJ{>k/MoIb, HE pa3ararolIiics ¢ BEIIe-
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Fig. 6. Dependence of antimony and sulfur recovery on L/S ratio
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Fig. 7. Dependence of antimony and sulfur recovery on the time Experiments conditions: L/S ratio 4:1

JICHHUEM CCPBI JaXKC ITPU MOAKUCIICHUH. Hpouecc pacTBOpPCHUA 30J10Ta B TI/IOCYHL(i)aTC B [IPUCYTCTBUU

KHCJIOpOaa MPOTEKACT MO pEaKIUH, aHaJOTHYHOH MAAHUCTOMY IIPOILICCCY:
4Au+8Na2 SQO3+02+H20:4N33 [Au(8203)2]+4NaOH . (9)

TepMonrHaMHuYECKast BEPOSTHOCTh PEaKINU 9 TOCTATOYHO BEITUKA (AG(2]98=—96,5 k/[>x/MoIb) U
BO3pacTaeT C MOBBIIICHUEM TeMIeparypsl. TakuM 00pa3oM, MpHU JIMTEILHOM BBINICIAYHMBAHUHN 10
6 % 30510Ta MOXKET MEPEXOAUTH B PACTBOP.

HuanupoBanune 00ecCypbMSIHUCTOr0 Keka. [[nanupoBanue 00eCcCypbMSHUCTOTO KeKa IIPOBO-
UJIach IO METOAMKE, ONMMMCAaHHOHN BEITIE. Pe3ynbpTaThl ITMaHUPOBAHUS 30JI0Ta U3 KEKa BHIIEIaunBa-
HUS CYyPbMBI CYJIb(OUIHO-IIIETOYHBIMYI PACTBOPAMH MPEACTABICHBI B Ta0I. 5.

[To pesympraTam OINBITOB arWTAIMOHHOTO BBIMIEIIAYMBAHUS 30J10TAa U3 (PIOTOKOHIEHTpAaTa H
00eCCYypbMSIHICTOTO KeKa OBLIU MOJYYEHBI JOCTATOYHO HU3KHE 3HAUCHHUS M3BJICUCHHS B PACTBOP —
30,4 1 32,2 % COOTBETCTBEHHO.

A30THOKHUCJIOTHOE BblllleJIadyuBanue. [I0CKoIbKy pe3ynbTaThl U3BJICUEHUS 30JI0TA IUAHUPO-

BaHUEM O6GCCYPBM$IHI/ICTOFO KC€Ka OKa3aJIMCh HECYJOBJIICTBOPUTCIBbHBIMHU, ObLia MMpEeAJIOKCHA a30THO-
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Tabnuma 5. Pe3ynbraThl IHAHUPOBAHKS 00€CCYPbMSHUCTOTO KeKa

Table 5. Results of agitated cyanide gold leaching test of the antymonyless cakes

Hexozmoe Kouuenpauis ;A . H3BnedenHoe Au, 1/t Hssneuenue Au, %
cozepkanue Au, /T B p-pe, MI/AM
66 4,25 21,25 32,2

Ta6JII/IIIa 6. PCSyHLTaTLI a30THOKHCJIOTHOI'O BEIIIICIAYUBaAHU A 06BCCypI>M$IHI/ICTOFO KCKa

Table 6. Results of agitated nitric acid leaching tests of the antymonyless cakes

Fe S As Ca Au (B KeK)
% |W3Bn% | % |HU3Bn% | % |U3Ba% | % |U3Ba% | r/t | U3B1 %

Marepuan

JlexapOOHU3UPOBAHHBII
KEK

O06eccypbMSIHUCTBIN KEK 2,40 | 85,9 8,3 36,0 1,40 | 68,5 7,50 70,7 102 94,3

1,01 | 934 |[158| 41,7 |1,00| 77,6 |17,80| 24,6 99 93,2

KHCIIOTHAs TexHosorus [18, 19]. B cuity Toro, 4To HCXOAHBINA (IOTAMOHHBIA KOHIIGHTPAT COAEPIKHUT
12 % kap6onara kanpius (CaCO;), NpUMEHUIN TOTIOTHUTENBHO ONepanuio aekapoonnsanuu. lanee
Opanu HaBecky 50 I K&KIOTO U3 IOy YEHHBIX MaTepHalioB (00€CCYpbMSHUCTBIH KeK U JIeKapOOHU3H-
POBaHHBIN KEK), MOJBEPraJid NX a30THOKMCIIOMY BBIIIEIAYNBAHUIO0. Pe3yIbTaThl ONBITOB IPHBEICHBI
B Ta01. 6.

CpaBHHBasl pe3yabTaThl Tabs. 6, MOXKHO OTMETHTbH, YTO IIEPEXO]L JKEJIe3a, MBIIIbSIKA U CEPhI B
pacTBOp 3HAYUTENBHO BBILIE Y JIeKapOOHHU3UPOBAHHOTO KEKa, OJHAKO KOHLEHTPUPOBAHHE 30JI0Ta

0Ka3aj10Ch 00JbIIe Yy Marepualia oe3 I[OHOHHHTCHLHOﬁ CcTaguu ,I[eKap6OHI/I321]_II/II/I.

BroiBoabl

Beicokoe cozpepkaHue CypbMbl M JIPYTHX NpPHUMEceil OCIOKHSAET WU3BJICUEHHE 30JI0Ta U3 (IIOo-
TOKOHIEHTpaTa. [Ipy TeKyInIMX MHUPOBBIX LIEHAaX Ha CYpbMYy M 30JI0TO CTAaHOBHUTCSI PEHTAOEIbHBIM
nepepadaTbiBaTh HU3KOCOPTHBIE PYAbl. PeHTreHoda3oBbile M MHKPOPEHTI'CHOCHEKTpalibHblEe aHa-
Ju3bl (MIIOTAIMOHHOT'O KOHLIEHTpAaTa IMOKa3ajd, YTO MaTepHall IPEACTaBICH B OCHOBHOM COE/IHHE-
HUSMH CYpPBbMBI, KDEMHUS, KaNblMs, CEphl U Kese3a. Takue acCOLMAllMK XapaKTepHBI IJIg KBapll-
30JIOTOAaHTUMOHHUTOBBIX HONHUCYIb(MHUIHBIX PYII.

YcTaHOBIIEHBI ONTHMAJIbHBIE PEXHUMBI CYJb(UHO-IIENIOYHOr0 BhilleaauynBanus: KoHnuenrpa-
uun NaOH—40 r/nm?, Na,S—100 r/nm?, XK:T = 4:1, remneparypa Boitenaunanust 50-60 °C, Bpemsi BbI-
menaynBanus 3 4. M3BiedeHue cypbMbl U3 (hIOTAIIMOHHOTO KOHIIEHTPATa CYJIb(HIHO-NIEIOUHbIMH
pactBopaMu gocturano 94-98 %.

ATHUTalMOHHOE IMaHUIHOE BhILIEIaYMBaHKE 30J0Ta U3 (QJIOTAMOHHOTO KOHLIEHTpaTa U obec-
CYpPBMSHHCTOIO KEKa HE JaJIu BBICOKUX pe3ynbTaroB: 30,4 u 32,2 % cOOTBETCTBEHHO, YTO MOATBEPK-
JaeT YIIOPHOCTh MaTepuaia.

A30THOKHCIIOTHOE BBILIETaYMBaHIE 00eCcCypbMSHUCTOTO KeKa JI0Ka3ao cBOo 3(h(heKTHBHOCTE!
CoJiepXKaHuUe 30JI0Ta B HEPACTBOPUMOM ocajike coctaBuiio 102 r/T, 4TO MpakTHYECKH B 2 pasza 0oJbIie

HCXOOHBIX KOHHGHTpaHI/Iﬁ. Ilosramnas r[epepa60TKa (I)J'IOTaLlI/IOHHOFO KOHIICHTpAaTa MO3BOJISICT BbI-
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JACIIUTDb CYPbMY, KE€JIC30, MBIIIBAK U TEM CaAMbIM ITOJTYYUTH KOHHeHTpHpOBaHHLIﬁ 110 30JI0TY OCTATOK,

HpPIl"O,HHBIfI K IUAaHUPOBAHUIO.

Cmamosa no0zomosniena no mamepuaniam 00Kk1aoda, npedcmaenennozo na IX mesncoynapoo-

Hom Konzpecce «Ileemnvie memannvt u munepanvi-2017».
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