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BeepeHue

Hamnbornee pacrnpocTpaHeHHOI Ipudn-
HOJ YIIOPHOCTH 30/I0TOCOEPKAIVIX PYL 1
KOHIIEHTPATOB SB/IAETCA TOHKas JUCIIep-
ranys 3010Ta B cynbéupax [1], obbraHO
B mupuTte u apceHonupure [2, 3]. B Heko-
TOPBIX BMJAX TaKOTO CBHIPbS CONEPXKUTCS
TaKKe IPUPOLHOE OpPraHNYeCcKoe YITIN-
cToe BemecTBO (Takke 0003HaYaeMOro
KaK yIJIEpOAUCTOE BellecTBO (manee YB)),
obrnajarolee CrtocOOHOCTHIO COPOMPOBATD
HaxoJsleecs: B pacTBOpe 30/10T0. JTO AB-
JIeHMe TIOTY4M/IO Ha3BaHVe Iper-poOOuHr
(manee ITP) [4].

B aBTOK/IaBHOJ Te€XHONOIMM pasanya-
1oT nBa Bupa [IP. IlepBbiit nposBisier cebs
B IIpOllecCeé aBTOK/IABHOTO BbIIle/IauMBa-
HUA U 3aK/II0YaeTCd B TOM, YTO B CUJIBHO
OKVICTIUTENbHBIX YCIOBUAX, KOTOPbIE MIMe-
I0T MECTO B aBTOKJ/IaBe IIOC/IE 3aBepIIeHNA
OKJCTIEHUA CYTb(PUTOB, 307I0TO TIEPEXOANT
B PacTBOp B COCTaBe€ XJIOPUJHOTO KOM-
IIeKca, cobuparomerocss Ha YB. Bropoit
Buj IIP nMmeer MecTo npy LyaHMPOBAaHUA
aBTOK/IABHOTO OCTaTKa M 3aK/I0YaeTCA B
TOM, 4TO 307I0TO, IIePEXOiAllee B PaCTBOP
B BIJIe IIMAHVICTOTO KOMIUIEKCa, COpOupy-
eTca Ha YB 1 TakKe nepexoguT B XBOCTHIL.
[lepsbn Bup IIP 4acTOo Ha3bIBaKOT aBTO-
K/TaBHBIM (VMJIV XJIOPUIHBIM), BTOPOIL — LU~
aHUIHBIM [5].

ITpouiecc BBICOKOTEMIIEPATYPHOIO aB-
TOK/IaBHOTO okucnenus (manee AO) (mpu
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Temneparype Bbie 200 °C) 30/10TOCY/b-
bUHBIX MaTepuasioB IIPOTEKaeT B He-
CKOJIDKO CTafiMil: OKMCJIeHUe CyIb(uuos,
okucneHnne noHoB Fe?* no Fe’*. [Tapannens-
HO C OKNC/IEHMEM IPOTEKAIT IIPOLeCCHI
00pa3oBaHMs pas3INIHbIX BTOPUIHBIX (as:
reMaTITa, APCEHATOB, CY/Ib(}ATOB, CMEIIEeH-
HBIX apCeHaT-Cy/Ib(aToB >Kee3a 1 spOo3u-
TOB.

Mexanusm I[IP nepsoro poja onmcoiBa-
€TCAd YpaBHEHUAMM 1-2, B KOTOPBIX 3aIly-
CKAIOIeN peakLyeyn ABIAeTCA OKUCIEeHNE
3JIEMEHTHOTO 30/10Ta COEIVTHEHUAMMI JKeTle-
3a (III) mpu Temmepatypax cssiize 180 °C.

3Fe3* + Au® + 4Cl- = 3Fe? + [AuCl,]5 (1)

[AUCL]" + Cypy > CoglAw) +4CF. (2)

B ypaBHeHMAX MOKa3aHO, YTO OKMUCTIEH-
HOe 30/I0TO B pacTBOpe 00pa3yeT KOMIIIEKC
C IOHaMIl XJIOpa, a 3aTeM copOupyeTcs Ha
MIOBEPXHOCTb YACTNIL] OPTAHNYIECKOTO yITIe-
poma [6]. ITocne mpoucxoput apcopOIys
U TOC/Iefyloliee BOCCTAHOBJIEHME 307I0Ta
(III) va YB g0 MeTanmamM4ecKOoro COCTOSI-
HuA. Ilpm panpHeimeM IMaHMPOBAHUM
3TO 30JI0TO NMPAKTIYECKY He U3B/IEKALTCS C
YB u nepexogut B XBOCTBHI.

Taknm o6pasom, npucyrcrye ¥YB mpu-
MaéT CyIbPUIHBIM 30/I0TOCOfEPIKAIINM
KOHI[eHTpaTaM JIOTIOJIHUTENbHYI0 YIIOp-
HocTh [7]. Kak mpaBwmio, ¢ mOBBILIEHMEM



cojepkanusa YB ymopHOCTb BO3pacTaer,
0CO0EHHO YIOPHBIMU SIBIAIOTCS KOHIICH-
TpaThl ¢ copepkanuem Y B Boime 1 %.

Crneumamucrammu  Nietz Technologies

IpeyiokeHa  KOMOMHMpPOBAaHHAs — Tex-
HOJMOTMSI  TIePepaboOTKM  YIIEpOIMCTHIX
30/10TOCYNIbGUIHBIX KOHIIEHTPaTOB,

npegnonarapomas AO ¢ mocnenyomum
OKJCIUTEIBHBIM 00XKIUTOM OCTAaTKOB.

Pemntp mpo6neMy mepepaboTKyu KOH-
LIEHTPATOB ABOMHON YIIOPHOCTY II0O3BOJIA-
eT 0OXUT JaHHOro ChIpbs. Kak mpasuio,
K/TaCCUYeCKMIT 0OXUT 307I0TOCYIbMYIHBIX
KOHIIEHTPAaTOB IIPOBOAAT IpU TeMIlepa-

Type 600-700 °C [8], mpyu ZaHHBIX TeMIle-
paTypax IpPOMCXOAUT IIOJIHO€ OKMCJIeHNe
cynppuznoB u YB. O6macts npuMeHeHUs
o0>XXMra OTpaHMYMBAETCSA IO SKOJIOTMYe-
CKVUIM COOOpaXeHUAM U 13-3a HEOCTATOYU-
HO BBICOKOTO M3BjIeYeHuA 30moTa. [Ipume-
HeHye oOKura IofpasyMeBaeT CO3JaHNe
CJIO>KHBIX U JOPOTOCTOSILINX CUCTEM Tra30-
ounctky. OcHOBHas peakUMs OKVMCIUTENb-
HOTO OOXHura — 3TO CrOpaHye OpraHmde-
CKOTO YIJIEPOJA 10 YITIEKMC/IOTO rasa.

ABTOK/TaBHasg TEXHOJIOTUS TIO CpaB-
HEHMIO C KIACCUYECKUM OOXKUTOM Cyib-
CI)I/I/:[HBIX 30/I0TOCOZEPXKAINX Py U KOH-

Tabnunua 1 — XapakTepmcTnKa UCXOOHOro KOHUEeHTpaTa

! I

%\ i‘ CopepxxaHue KOMNOHEHTOB, % % %0 < %)

g % < <8R <

I% L Au -

l f /'r, Cosuy  Crpas  Copr As Fe Soew,  Ssos4  en. epn.
ManoyrnepoauncTtble

K1 54 30,8 04 01 03 132 269 265 0] 1,2 10 36 29
K2 669 358 05 01 0,4 75 31,2 311 0,6 1,2 94 51 16
K3 439 380 04 0,1 0,2 6,6 298 302 00 13 182 55 3
K4 2,1 253 0,9 0,4 03 124 268 236 04 1,1 100 34 27

CpepHeyrnepogucTble

K5 34,0 2150 1,0 0,2 08 14,7 28,0 246 0O/ 88 285 34 32
K6 401 235 12 0,2 1,0 196 275 218 0O/ 1,1 22 23 43
K7 889 902 16 0,4 1,1 08 265 278 07 3,3 83 50 2

BbicokoyrnepogucTtble

K8 699 259 29 0,5 2,4 92 256 231 02 1,1 n 36 20
K9 271 84,8 3,0 0,8 2,6 65 14,7 126 02 6,8 32 18 14
Kio 216 334 29 0,2 2,5 25 212 176 04 1,9 13 30
K1 638 409 36 0,5 2,9 19 195 194 O 2,1 12 34
Ki2 00 830 39 1,0 2,4 91 195 175 01 4,8 34 25 20
Ki3 80,3 451 41 0,2 3,3 40 164 178 0.2 2,6 14 28 9
Ki4 636 274 95 43 5,0 07 207 213 O3 1,3 6 39 1

Mpumeyarue: E(Au) — nseneveHue 3050713, RIP — copbumoHHoe unaHnpoBaHume.
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KOHLEEHTPAT

|

JAOU3MENTBYEHME

KOHAMUMOHWUPOBAHWE

Mynbna

l
Mynbna

KWCNOTHAA OBPABOTKA

DUNBTPALMA, MPOMbIBKA

I
Kek

Nynera ‘ PucyHok 1 — lMpuHumMnnanbHasa Tex-
HoMlormyeckas cxemMa nabopaTtopHbIX
nccnenoBaHuUmn

DUNBTPALMA, MPOMbIBKA OKUC/TUTE/NTBHbIN OBXKUT
I I
MNynbna Orapok
ABTOK/NABHOE OKMCNEHUE LUMAHNPOBAHUE
I
Mpo6a TBe pgoro
Mynena Ha aHanu3
OEHTPATOB ABIAECTCA 00/ee 9KOJIOTMYHBIM aHa/lIu3a ObUIN paccauTanbl MHMHEpa-
METOIOM nepepa60TKM YOOPHOTO CbIpbsA, JIOTMYECKNE COCTaBbI KOHIEHTPATOB.

IJIaBHBIM (DaKTOPOM SKOJIOTMYHOCTY SIB-
JSIeTCS OTCYTCTBUE Ta30BBIX BBIOPOCOB
COEJIIHEHNUII MBILIbsIKA U Cepbl. MBIIIbSK
BBIBOZIUTCS B BUJIe MaJIOTOKCUYHOTO apce-
Hara >keje3a, COPOC KOTOPOro BO3MOXEH B
xBocroxpanmuiie [1]. [TocregoBarenbHoe
MICIIO/Ib30BAHME JAHHBIX TEXHOJIOIMII IIO0-
3BOJINT, BO BpeMs aBTOK/IABHOTO BbIII[e/Ia-
YMBAHM HOTYYUTH KeK ¢ 60jiee IPOYHBIMHI
COeNIIHEHUsIMU CEPbl ¥ MBIIIbSKA, YeM B
VICXOJTHOM KOHIIEHTparTe, a 00XKUT YAAINTD
3HA4YMTENbHOE KonyecTBO ¥ B u3 keka AO,
MEIIAIOIIEro M3BIeYEHNIO 30/I0TA.

McxopHble MaTepuasbl U MeTOAUKA
npoBefeHUs 3KCNepUuMeHToOB
B pamxax paboTbl mIA MCCIemoBa-
HUIT OBUIO MCHONB30BaHO 14 pasmny-
HBIX KOHIIEHTPATOB, XMMMYECKUI aHa-
M3 KOTOPBIX IpefcTaBaeH B Tabmmue 1.
Ha ocnHoBaHuum [JaHHBIX XMMWYECKOTO
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OCHOBHBIMM 30710TOCOJiEPKAIIUMMU CYIIb-
bupmaMu ABIAIOTCA MUPUT VM APCEHONUPUT.
IIpencraBnenHble KOHIIEHTPATHI, CYIECT-

BEHHO  OT/IMYamolyecd 10  MHOIUM
XapaKTepUCTUKAM: LaHupyeMoe
30/10TO,  COfiep)KaHMe  OpPraHMYEeCKOTO
yI7Iepofia, MbIIIbsKA, 30710Ta, a TaKXKe
TaKMX IIOKasaTeneir Kak Au/S*” u Au/
Copr. TexHomormyeckme TPySHOCTU C
U3BJIeYEHNEM 307I0Ta U3 KOHI[EHTPATOB
I BOVIHOM YIOPHOCTI CYyILIECTBEHHO

3aBUCAT OT CONEPXKaHUA OPTaHNYECKOro
yInepoga B IlepepabaTbiBaeMOM  ChIpbe.
KoHueHTpaThl mofenmmmm Ha TPy TPYIIIBL:
manoyrnepopuctoie  (C, po 0,5 %),
cpepneyrnepopuctsie (C,, ot 0,5 10 1,5 %)
u Bbicokoyrnepoauctsie (C, . >1,5 %).
Jlona nuaHnpyemMoro 30/10Ta 1o TEXHO-
norum RIP 1 McXO@HBIX KOHILIEHTPATOB
OCHOBHOJ 4YacTM WCC/IeJOBaHHBIX KOH-

opr



LIEHTPATOB [IBOMHOM YIIOPHOCTU He IIpe-
Bbimaer 70 % (tabmmua 1), HO ecTh U Cy-
LleCTBeHHble pasmumyusd. Hampumep, mna
KoHIeHTpaTa K12 u3BiedyeHme 30710Ta Ha
copbeHT cocTaBmo 0 %, Torfa Kak 13 KOH-
neHtpata K7 88,9 %. IlpmHumnmuanbHas
TE€XHOJIOTMYeCKasd CXeMa IpOBeJeHus Ja-
00paTOPHBIX VICC/IEOBAHNUII IIPEfICTaB/IeHa
Ha pucyHke 1.

Ileper,  aBTOKIaBHBIM  OKMC/IEHMEM
KOHLIEHTpaT IIOABEpraay M3MeTbUeHNI0
IO KPYHIHOCTH, COOTBETCTBYIOIEN CO-
fep>xaHuio 5-10 % kmacca gactui, 6ornee
45 MKM 1 00pabOTKe pacTBOPOM CepHOII
KNUCIOTBl Il yAa/leHuA TPUCYTCTBYIO-
IMX B HUX KapOOHATOB. ABTOK/IaBHOE
OKJIC/IEHVE TPOBOAMIN B TUTAaHOBOM aB-

ToKaBe ¢upMbl Premex emxocTbio 1,2 11
npu Temueparype 225 °C u nmapumuaabHOM
[aBJIeHNy KHCIopofa 5 6ap [0 IONTHOTO
IpeKpalleHyss MOTpeOneHNus KICIOpofa.
B KauecTBe OKNCIUTENS MUCIOTb30BAIN
KICIIOpOJ, U3 6a/UIOHOB (cofep>kaHme KIC-
nopoxma 99,5 %). Ilo ucrevennn norpebie-
HUA KUCTIOPOJA TY/IbITYy OX/IAXAA/IN, I OHA
HOJBeprajach KOHAVIIMOHMPOBAHUIO IIPU
temneparype 95 °C B Teyenne 120 MUHYT.
[Tocne mynbIty GUIbTpOBanM U MIPOMBIBA-
M, pPacTBOP CAaBaIM B aHamu3. YacTb Keka
ClaBa/IM B aHAJIN3, OCTATOK IIOfIBEprajcs
OKVIC/IUTETIBHOMY OOXKUTY.

O6Gxur mpoBOAMIM B Ta0OPATOPHOI
Tpybuaroil Bpamamomieiica Imedn. B akc-
HepyMeHTaX C JONOTHUTEbHOI Mopaueil

Ta6nuua 2 — OcHoBHble pe3ynbTtaThl onbiToB AO 1 o6xura

o AO O6xur 6e3 okncnuTens O6xxur c okmcnutenem
g S S = SEE = S %
8 N g 2% 3 g 2% 3 g 2% 3
= i) sl 2 u<\_|" sl 2 u<\_|" sl 2 u<\_|"
K1 100,0 36,8 3,7 93,3 77,6 1,9 96,1 78,7 1,0 98,0
K2 99,4 22,4 10,1 90,5 76,4 0,6 99,5 89,4 0,5 99,6
K3 99,9 441 15,2 86,8 67,5 2,5 973 83,7 0,9 99,1
K4 100,0 293 4, 89,6 58,8 1,0 98,0 68,6 0,8 98,3
K5 99,9 5,8 7,6 97,8 89,0 3,2 99,1 92,3 3,2 99,1
K6 99,8 13,9 6,2 80,4 83,0 5,2 83,3 879 8,0 75,0
K7 100,0 28,6 6,5 96,7 81,8 8,9 95,7 97,0 11 99,6
K8 100,0 6,5 5,9 85,0 HA, HA, 85,1 11 99,0
K9 99,6 6,8 16,7 84,8 71,6 6,8 94,1 971 1,0 99,2
K10 99,9 9,0 72 85,0 86,8 5,9 89,0 975 0,4 99,4
K11 98,6 52 15,4 76,0 74,5 15,8 77,8 94,9 0,5 99,2
K12 100,0 53 13,2 877 50,0 28,3 76,7 93,0 31 97,5
K13 98,8 13,1 18,7 69,9 59,5 30,7 57,7 98,1 2,2 97,2
K14 100,0 38 14,7 65,8 36,8 29,6 37,6 87,6 9,5 77,3

MpumeyvaHwne: E(Au) — nsBneyeHune 3on0T1a, Au(XL,) — 30/10TO B XBOCTax LaHnpoBaHus, Bc — cteneHb yaaneHus

yrnepopa.
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OKJVICTIUTENSI MCTOYHVMKOM KUCTIOpofa ObUI
KOHIIeHTpaTop ¢upMbl «Bitmos» oxy 6000,
YJCTOTA KUC/IOPOfa cocTaBisia 95 % npu
pacxope 1-2 n1i/mMuH. Iloce okoHYaHMA Bpe-
MeHU 00>KITa Y OCTBIBAHMS PeaKTOpa Mare-
pyal BBITPY>KajI, pacTUpaIn U YCPeTHSIN.
Yactp MaTepuana mepefaBany B aHa/INSs,
OCHOBHYIO MacCy OTIIPaB/I/IM Ha LVaHU-
poBanye. CopOLMOHHOe IMaHMPOBaHUE
IPOBOAMIN IO CTAaHJAPTHBIM METOAMKAM
C MICIIOJIb30BAaHVMEM VIOHOOOMEHHO CMOJIBI
Purogold (5 % ot o6Bbéma >xmpkoit ¢asbl),
BpeMsA 24 4Yaca, MaccoBasg KOHLIEHTpaLVA
TBEpHoro 20 %, KOHLEHTpauuA LMaHUAA
B KIAKO (hase MOAREPKMBAIOCh PABHOI
2 r/n, pH mynener 10,5-11,0. ITo saBepiue-
HUM IVIAHVUPOBAHMA COPOEHT OT/eNsIN,
Iy/IbITy GVIBTPOBAJIN U IIPOMBIBAJIN, TBEP-
OBl OCTATOK CYIIMIM ¥ OTIPAaB/IANM Ha
IIPOOVIPHBII VI XVMMIYECKIIT aHAIU3.

Pe3synbraTbl uccnegoBaHum U nx
obcyxpaeHune

UccnepoBaHns BANSAHMUA OKUCNN-
TenbHOro o6xwura

B nepBoii cepun OIbITOB U3y4ann BIIU-
sHMe obxura keka AO Ha u3BJIeYeHme 30-
7I0Ta U cTeneHb ypaneHusa YB. ITapamerpbl
AQO omnmcaHbl Bblllle B METOAVKE MCCIEN0BA-
HUL. OOXUT TPOBOAWIN TIPU CIENYIONUX
napameTpax: Temueparypa — 500 °C, Bpemsa
npebbIBaHMA MaTepuana B meuy — 1 vac,
B OIBITAX C IOfa4ell OKMUCIUTENA Pacxof
Kucnopona 61 paseH 1 1/mMuH. OCHOBHBIE
IIOKa3aTe/lN ¥ pe3yabTaThl 9KCIIEPUMEHTOB
IIpefiCTaB/IeHbI B TabuIIE 2.

AO ¢ mnocnegyonmMm obxurom 6e3
OKVCTIUTENIA MO3BOJIAET JOCTATOYHO ITy6o-
Ko (BbIme 70 %) pasnoXUTh YIJIEPOAUCTOE
BellecTBO (Tabmmia 2), OfHAKO I HEKO-
topbix Matepuanos (K3-4, K12-14) cre-
IIeHDb yZlaJIeHNUsA YIJIEPOJia COCTaBM/Ia BCETO
30-70 %. VI3 mpencTaB/ieHHbIX PE3yIbTAaTOB,
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BUJIHO, 4TO JyIsA OOJIbIIVHCTBA KOHIIEHTpPa-
TOB HaO/MIOfaeTCcd MPUPOCT B U3BJICYEHNN
30710TQ, OJHAKO J/IA BBICOKOYI/IEPOAMCTBIX
marepranos (K12-14) npoucxogur cHyKe-
Hye M3BedeHys. [Ipenmonaraercs, 4To B
npoljecce 0OXKUra 4acThb yIIeposia yiaiier-
Cs1, HO OCTaBIIAACS €r0 YaCTb aKTUBUPYeETCs
U €ro cOpOLMOHHAs aKTMBHOCTD IO OTHO-
IIEHNIO K 30/I0TO-I[MIAHNIHOMY KOMIUIEKCY
CYIIIECTBEHHO yBE/INYMBACTCSL.

[IpoBeneHne obkura ¢ KHCIOPOAOM
IIOJIOKUTENBHO BIMAET Ha pasnoxeHune Y B
U KaK C/IefCTBME YBEINYMBAECTCA WU3BJIE-
gyeHue 30710Ta. OCOOEHHO 9TO 3aMeTHO Ha
BBICOKOYI/IepOAUCThIX MaTepmamax (KI11-
14), roe TpUPOCT B U3BJICYEHNUN MOXKET
COCTABJIATD JIECATKU NIPOLEHTOB. OJHAKO
md KoHleHTpaTa K14, mpu JaHHBIX yC/Io-
BUSIX 00)KNTa, CTENleHb YaeHus yITieposia
cocraBuia 88 %, ussnedenne 3onora 77 %.
JlaHHBII MaTepuan XapaKTepU3yeTcsa Cy-
I[eCTBEHHO OO/MbIIMM cofep>kaHueM YB
(oxomo 9,5 %), maA KadyecTBEHHOTO yha-
JIeHUSA KOTOpOro TpebyeTcs yBelumdeHue
IPOAIO/DKNUTENIbHOCTY obOxmra. Tak >ke 06-
paiaer Ha ce6s1 BHUMaHMe CpeffHeyTI/Iepo-
IUCTBIN (COpr - 1 %) xounyentpar K6, mis
KOTOPOTO M3BJjieueHNe He npesbiiaeTr 80 %
IIPY MAKCUMAa/IbHOV CTEIIEHM Pa3/IOKEeHMA
yrnepopa 88 %. Ilo-BuagumMoMy, yIlopHOCTD
30710Ta /I IAHHOTO MaTepuasia He CBsA3aHa
¢ cynbGUAHBIMY MUHepaiamMy unn Y B.

3aknioyeHue

TexHomorma ob6xura aBTOK/IABHBIX
OCTAaTKOB XapaKTepu3yeTcs BBICOKUMM U
YCTOYMBBIMY IIOKA3aTeIAMI U3B/ICUSHUA
3o7nota (6oee 97 %) fake Ipy CyLIeCTBEH-
HOM KojeOaHUM comepxaHmna YB B uc-
XOIHBIX KOHIleHTparaX. KonmuectBeHHOe
pasnoxeHne YB mocturaercsa mpu obxure
B OKMCIUTENbHOI atMocdepe. [Ins 60mb-
IIVHCTBA VCC/IEJOBAaHHBIX KOHIIEHTPATOB



NOCTUTHYTBI BBICOKME IIOKa3aTeNny U3BIIe-
yeHus 307moTa (6omee 97 %) mpm cremyro-
IMX IlapaMeTpax obOkura: TemIeparypa
500 °C, npomo/mKUTENbHOCTD 1 Yac, pacxof,

TexHomorua mnosBonAgeTr mepepabarol-
BaTh KOHIIEHTPATHI IIPAKTUYECKN C JII0OBIM
cofiep>kaHMeM YB mpy BBICOKMX ITOKa3a-
Te/sAX U3BJIeYeHusa Au, T.K. obecreuymBaer

O; - 1 1/muHR. rIy0OKOe ero yyjaneHue.
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INCREASING THE EXTRACTION OF GOLD
FROM CARBONACEOUS RAW MATERIALS USING
THE ROASTING OF AUTOCLAVE RESIDUES

Khasanov A.V.!, Fomenko 1.V.!

Nietz Technologies, St. Petersburg, Russian Federation
khasanov-a@gidrometall.ru

Introduction

The most common reason for the
persistence of gold-bearing ores and
concentrates is the fine dispersion of
gold in sulfides [1], usually in pyrite and
arsenopyrite [2, 3]. Some types of such
raw materials also contain natural organic
carbonaceous matter (also referred to as
carbonaceous matter (farther CM)), which
has the ability to sorb gold in solution.
This phenomenon is called preg-robbing
(farther PR) [4].

In autoclave technology, there are
two types of PR. The first one manifests
itself in the process of autoclave leaching
and consists in the fact that under highly
oxidizing conditions that occur in the
autoclave after the oxidation of sulfides
is completed, gold passes into a solution
as part of a chloride complex collected on
CM. The second type of PR occurs during
cyanidation of the autoclave residue and
consists in the fact that gold, which passes
into the solution in the form of a cyanide
complex, is sorbed on CM and also passes
into tailings. The first type of PR is often
called autoclave (or chloride), the second -
cyanide [5].

The process of high-temperature
autoclave pressure oxidation (farther PO)
(at temperatures above 200 °C) of gold
sulfide materials proceeds in several stages:
oxidation of sulfides, oxidation of Fe?*
ions to Fe3*. In parallel with oxidation, the
processes of formation of various secondary
phases occur: hematite, arsenates, sulfates,
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mixed arsenate-sulfates of iron and jarosites.

The mechanism of PR of the first kind
is described by equations 1-2, in which
the triggering reaction is the oxidation of
elemental gold by iron (III) compounds at
temperatures above 180 °C.

[AuCl,]- + COrg - Corg(Au) +4Cl-.  (2)

The equations show that oxidized gold
in solution forms a complex with chlorine
ions, and then is sorbed onto the surface
of organic carbon particles [6]. After that,
adsorption and subsequent reduction of
gold (III) on CM to a metallic state occurs.
With further cyanidation, this gold is
practically not extracted from the CM and
passes into the tails.

Thus, the presence of CM gives sulfide
gold-containing concentrates additional
persistence [7]. As a rule, with an increase
in the content of CM, persistence increases,
especially concentrates with a content of
HC above 1% are persistent.

Nietz Technologies specialists have
proposed a combined technology for
processing carbonaceous gold sulfide
concentrates, involving PO followed by
oxidative firing of residues.

Roasting of this raw material allows to
solve the problem of processing concentrates
of double persistence. As a rule, the classical
roasting of gold sulfide concentrates is
carried out at a temperature of 600-700 °C



Table 1 — Characteristics of the initial concentrate

2 ¥ LB
= o Content of components, % S < R "\i
@ [ad < 2 ~ 0
— — N [
I S o <
o < L L
> W Ay r/T Cotar Cqr Corg  As Fe  Siotat Ssos un. un.
Low - carbon
K1 54 308 04 0,1 03 132 269 265 O] 1,2 10 36 29
K2 669 358 05 0,1 0,4 7,5 31,2 311 0,6 1,2 94 51 16
K3 439 380 04 0,1 0,2 66 298 302 0,0 13 182 55 3
K4 2,1 253 0,9 0,4 03 124 268 236 04 1,1 100 34 27
Medium carbon
K5 34,0 2150 1,0 0,2 08 14,7 280 246 O] 8,8 285 34 32
Ké 401 23,5 1,2 0,2 1,0 196 275 21,8 0,1 11 22 23 43
K7 889 902 16 0,4 11 08 265 278 07 33 83 50 2
High - carbon
K8 699 259 29 0,5 2,4 92 256 231 0,2 11 M 36 20
K9 271 848 3,0 0,8 2,6 65 147 126 0,2 6,8 32 18 14
Kio 216 334 29 0,2 2,5 2,5 21,2 176 0,4 1,9 13 30 6
Kin 638 409 36 0,5 2,9 1,9 195 194 0,1 21 12 34 4
K12 0,0 830 39 1,0 2,4 9,1 195 175 0,1 4,8 34 25 20
K13 80,3 451 41 0,2 3,3 40 164 178 0,2 2,6 14 28 9
K4 636 274 95 4,3 50 0,7 20,7 213 0,3 13 6 39 1

Note: E(Au) — gold extraction, RIP — sorption cyanidation.

[8], at these temperatures, complete
oxidation of sulfides and hydrocarbons
occurs. The scope of application of roasting
is limited for environmental reasons and
due to insufficient gold recovery. The use of
firing involves the creation of complex and
expensive gas purification systems. The main
reaction of oxidative firing is the combustion
of organic carbon to carbon dioxide.

Autoclave technology is a more
environmentally friendly method of
processing stubborn raw materials in
comparison with the classical roasting of
sulfide gold-bearing ores and concentrates,

the main factor of environmental
friendliness is the absence of gas emissions
of arsenic and sulfur compounds. Arsenic
is excreted in the form of low-toxic iron
arsenate, which can be discharged into a
tailings dump [1]. Consistent use of these
technologies will allow, during autoclave
leaching, to obtain a cake with stronger
sulfur and arsenic compounds than in the
original concentrate, and firing will remove
a significant amount of CM from the cake
PO, which prevents the extraction of gold.
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Figure 1 - Basic technological scheme of
laboratory research
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Source materials and methods of
conducting experiments
As part of the work, 14 different
concentrates were used for research, the
chemical analysis of which is presented in
Table 1.

Based on the chemical analysis data,
the mineralogical compositions of the
concentrates were calculated. The main
gold-bearing sulfides are pyrite and
arsenopyrite. The presented concentrates
differ significantly in many characteristics:
cyanized gold, the content of organic
carbon, arsenic, gold, as well as indicators
such as Au/S* and Au/C,,,. Technological
difficulties in extracting gold from double-
tenacity concentrates significantly depend
on the content of organic carbon in the
processed raw materials. Concentrates
were divided into three groups: low-carbon
(Corg up to 0.5 %), medium-carbon (With
org from 0.5 to 1.5 %) and high-carbon
(Corg >1.5 %).
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The proportion of cyanized gold
according to RIP technology for the initial
concentrates of the main part of the studied
double-tenacity concentrates does not
exceed 70 % (Table 1), but there are also
significant differences. For example, for
concentrate K12, gold extraction to the
sorbent was 0 %, whereas from concentrate
K7 88.9 %. The basic technological scheme
of laboratory research is shown in Figure 1.

Before autoclave oxidation, the
concentrate was crushed to a size
corresponding to the content of 5-10 % of
the particle class of more than 45 microns
and treated with a solution of sulfuric acid
to remove the carbonates present in them.
Autoclave oxidation was carried out in a
Premex titanium autoclave with a capacity
of 1.2 liters at a temperature of 225 °C and a
partial oxygen pressure of 5 bar until oxygen
consumption was completely stopped.
Oxygen from cylinders (oxygen content
99.5 %) was used as an oxidizer. After the



expiration of oxygen consumption, the
pulp was cooled and it was conditioned at
a temperature of 95 °C for 120 minutes.
After the pulp was filtered and washed, the
solution was analyzed. Part of the cake was
analyzed, the remainder was subjected to
oxidative firing.

Firing was carried out in a laboratory
tubular rotary kiln. In experiments with
additional oxidizer supply, the oxygen
source was a Bitmos oxy 6000 concentrator,
oxygen purity was 95 % at a flow rate of
1-2 liters/min. After the end of the firing
and cooling time of the reactor, the material
was unloaded, ground and averaged. Part

of the material was transferred to analysis,
the bulk was sent for cyanidation. Sorption
cyanidation was carried out according
to standard methods using Purogold ion
exchange resin (5 % of the volume of the
liquid phase), the time was 24 hours, the
mass concentration of the solid was 20 %,
the concentration of cyanide in the liquid
phase was maintained equal to 2 g/l, the pH
of the pulp was 10.5-11.0. After completion
of cyanidation, the sorbent was separated,
the pulp was filtered and washed, the solid
residue was dried and sent for assay and
chemical analysis.

Table 2 — Main results of AO and firing experiments

PO Roastin‘g.without Firing. vyith an

b oxidizer oxidizer

© £ £ £

o T -

g & £ 2 g ¢ 2 g & 2

¢ W < - ¢ W

K1 1000 368 37 933 776 1,9 961 787 1,0 98,0
K2 994 224 101 905 764 06 995 894 05 996
K3 999 441 152 868 675 25 973 837 09 991
K4 100,0 293 41 896 588 10 980 686 08 983
K5 999 58 7,6 978 890 3.2 991 923 32 991
K6 998 139 62 804 830 52 833 879 80 750
K7 1000 286 65 967 818 89 957 970 1,1 99,6
K8 100,0 6,5 59 85,0 - - 85,1 1,1 99,0
K9 996 68 16,7 848 71,6 6,8 941 971 1,0 992
KIO 999 90 72 850 868 59 890 975 04 994
K1 98,6 52 154 76,0 745 158 778 949 05 992
K12 100,0 53 132 877 500 283 767 930 31 97,5
Ki3 988 13,1 18,7 699 595 30,7 577 98,1 2,2 97,2
K14 100,0 3,8 147 658 368 296 376 876 95 77,3

Note: E(Au) — gold extraction, Au(ct) — gold in cyanidation tailings, Bc — degree of carbon removal.
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Research results and their
discussion

In the first series of experiments, the
effect of roasting cake PO on the extraction
of gold and the degree of removal of CM
was studied. PO parameters are described
above in the research methodology. Firing
was carried out at the following parameters:
temperature — 500 °C, the residence time
of the material in the furnace - 1 hour, in
experiments with the supply of an oxidizer,
oxygen consumption was equal to 1 liters/
min. The main indicators and experimental
results are presented in Table 2.

PO with subsequent firing without
an oxidizer allows the carbonaceous
substance to decompose sufficiently deeply
(above 70 %) (Table 2), however, for some
materials (K3-4, K12-14), the degree of
carbon removal was only 30-70 %. From
the presented results, it can be seen that
for most concentrates there is an increase
in gold extraction, but for high-carbon
materials (K12-14) there is a decrease in
extraction. It is assumed that during the
firing process, part of the carbon is removed,
but the remaining part of it is activated and
its sorption activity with respect to the gold-
cyanide complex increases significantly.

Firing with oxygen has a positive effect
on the decomposition of hydrocarbons and,
as a result, gold extraction increases. This is
especially noticeable on high—carbon materials

(K11-14), where the increase in extraction can
be tens of percent. However, for concentrate
K14, under these firing conditions, the degree of
carbon removal was 88 %, gold recovery 77 %.
This material is characterized by a
significantly ~ high  content of CM
(about 9.5 %), for the qualitative removal
of which an increase in the duration of
firing is required. Also noteworthy is the
medium-carbon (C,,, - 1 %) concentrate
K6, for which the extraction does not
exceed 80 % with a maximum degree of
carbon decomposition of 88 %. Apparently,
the persistence of gold for this material
isnotrelated to sulfide minerals or hydrocarbons.

Conclusion

The technology of firing autoclave
residues is characterized by high and stable
gold recovery rates (more than 97 %) even
withasignificant fluctuationin the content of
CM in the initial concentrates. Quantitative
decomposition of CM is achieved by firing
in an oxidizing atmosphere. For most of the
concentrates studied, high gold recovery
rates (more than 97%) were achieved with
the following firing parameters: temperature
500 °C, duration 1 hour, consumption
O, - 1 liters/min.

The technology allows processing
concentrates with almost any content of
CM at high rates of Au extraction, because
it provides deep removal.
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