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B coorBeTcTBMM € peanusyemoil rocy-
IapCTBEHHOI MTOIMTUKOI MHHOBAIIMOHHO-
ro Iy T pa3BuTys Poccun n yxectoueHneM
TpeOOBaHMIT K BHEPEHNIO HAVTYYIINX JIO-
CTYIHBIX TEXHOJIOIMIT, 00ecrednBaoIUX
BO3MOXXHOCTb KOMIIPOMMCCHOTO COCYIIje-
CTBOBAHUA JIBYX CUCTEM: 4YeTOBEK-IpUpO-
Ia, 4emoBeK-TexHomoruu [1], BO3HUKaeT
HeOOXOAMMOCTh pa3pabOTKM 3KOMOTOIIa-
IALMX CIIOCOOOB BBIIIETaYMBAHMA 30/I0TA.
[ToaTOMY IIOMCK 3aMEHUTEIS arPeCCUBHOTO
[[MaHN/Ia Ha MaJIOTOKCUYHbIE PaCTBOPUTE-
nau [2] ¢ ucnonb3oBaHMEM METOJOB MHTEH-
cudukanyy mporecca C Ie/blo ITOTHOTHI
U3BJIeYeH s OTaTOPOTHOTO METAaJIIa, SBJIS-
eTCsI aKTya/IbHOJ Hay4yHO 3ajjaveii [3-5].

MunepanbHOe CBIPbE, KaK IPUPOLHOE,
TaK U TEXHOT€HHOe, CofieprKalliee paccesH-
Hoe yrepoaucroe Bemectso (PYB) B ko-
nmdecTBe OT 1 10 5 % (ymopHble yIImucThie
PYZABI), B COOTBETCTBUM C K/IacCUUKaIyein
Jlogentmukosa B.B., oTHOCcsAIIeecs K Tex-
Hojornyeckomy Tuny «I'», mpepcraBiser
HaMO OB MHTEPEC TSI TEXHOJIOTOB [6].

OOBEKThl MCCIENOBAHMIT — JIEeXKAJIbIE
orapku o6xura cynbQUIHOI 30/I0TOCOEp-
Kalleil PyAbl ¢ BK/IIOYEHUAMI PACCesTHHO-
IO YIJIEPOAVCTOTO BEIIECTBA, IOMTydYeHHbIE
Ha MBIIIbAKOBUCTOM 3aBOfe, M JIeXKajble
cynbduaHbIe (PrIOTALIOHHBIE XBOCTHI 30710~
TOU3BJIeKaTeNbHOI (habpuK (3010TOTOObI-
Baromas komnanus Higlhland Gold, [Tapa-
CYHCKUIT PYJHMUK, 3ab6aiiKambCKmil Kpai).

[Tpenmert uccnenoBanmii — beclimaHuHbIe
TEXHOJIOTMY BBILIE/TAYMBAHNA 30/I0Ta C IPU-
MEeHEeHVEeM ITPOLIeCCOB MHTEHCUDYKALVIN.

Llenp paboTel — pa3paboTaTh IKOIOTO-
MAfISII[/ie TEXHOIOTUM U3BJIeYeHNs 30/T0Ta
13 YIIOPHOTO MMHEPATbHOTO ChIPBSI.

[IpoBemenbl mccnefoBaHust oboraTu-
MOCTH Ha JIBYX MaJIbIX Tab0PaTOPHBIX IIPO-
6ax maccoit 1o 2,0 Kr (Jie>xasnble OrapKu u
cynbuaHbIe QIOTAIOHHBIE XBOCTHI).

VI3y4eHyue BeIeCTBEHHOIO COCTaBa
OCYIIECTB/IAIOCh C UCIIONb30BaHNeEM CIe-
IYIOLIVIX METOIOB: CUTOBOJ aHA/IN3, CIIEK-
TPaJIbHBI, aTOMHO-a0COPOILMOHHBII, da-
30BBIiT, peHTTeHO-(a3oBbIil, pH - MeTpus,
npoOupHbIT aHamu3 u gpyrue. Ilpu mpo-
BEJJCHUV SKCIEPVMEHTA/IbHBIX JCCIefo-
BaHUI 3G (EKTUBHOCTD BBIIIENTAYNBAHNS
OLIEHMBAJIaCh IO MOKA3aTe/l0 M3BJIeYEeHIA
30/I0Ta B PacTBOP WJIM TBEPHOTO OCTAaTKa
Ha OCHOBE pe3y/lIbTaTOB 3/IeMEHTHOIO U
¢dasoBoro aHammsa, KOHTPOJIS U3MEPEHNA
Macchl TBepHoi (assl.

Paspaborana KOMOVHVpOBaHHas
TeXHO/IOIMsA ~ OKMC/IEHUA  PacCesTHHOTO
YIZIEPOAVICTOTO BelljecTBA U THOKapba-
MMJJHOTO BBIIIE/IAYMBAHNA 30/I0Ta U3 JIe-
YKaJIBIX CYIb(UIHBIX OTapKOB IIPU aTMOC-
¢depHoMm pmaBneHuu u rtemmeparype 20°C
(pucyHok 1).

VI3y4eH XuMUYeCKUI U TPaHyTIOMETPH-
4eCKIII COCTABBI 30/I0TOCOfIePrKAIIVIX Orap-
KOB. Jle>xarble OrapKy, XpaHUBIIMXCS Ha
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IPOMIIIOIIA/IKE PYSHMKA Ha MPOTAKEHUN
5071eTB peruoHe C pe3KOKOHTUHEHTAIbHBIM
K/IVIMATOM ¥ OOJIBIINM CPe[JHETOf{OBBIM IIe-
pernajzioM TeMIlepaTyp, ObIIN ITOABEP>KEeHbI
TUIIepreHHOMY IpeoOpa3oBaHuio n cpop-
MUpPOBaMM CyIbPUIHO-CynbpaTHbIE IIa-
pare”esucbl. B pesynbrare ecTecTBEHHON
He3VHTErpaluy, OrapKu KpPYIHOCTBIO +
12,5 MM 3HAaYUTENBHO PA3PYILIUINCH, I10O-

3TOMY (pakiusa KpPYIHOCTU IPOAYKTOB
obxkura ot - 2,00 mo - 0,075 MM cocTaBu-
nma 81,66%. XuMmM4yeckuii cocTaB OrapKoB
(3MMCCHOHHO-CIIeKTPaTbHBII aHam3):
Au = 6,54 1/1; Ag = 36,1 1/1; Copr.= 2,5 %;
Sobm;.=3,58 %; ScymppupH.= 0,9 %;
Copr.= 2,5 %; As=0,(815 %; Fe=12,84 %; Sb
= 0,03 %.
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PVICyHOK 1- TexHonoruyeckas cxema TVIOKap6aMV|,D,HOFO BblleslavdynBaHNA 30/710Ta U3 NexasblX Cyﬂbq)I/I,D,HbIX

orapkos
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PucyHok 2. — BnvsHue npofonxmntenbHOCTM NpoLiecca TMokap6amMmaHOro BbllenadymBaHnsa Ha n3BredYyeHmne 30-
noTa B pacTBOP TMOMOYEBUHbI () M KOHLEHTPALLMIO OpraHnMyeckoro yrnepoaa B TBepaoi dpase (6)

BbI60p HOATOTOBUTENBHBIX IIPOLIECCOB
(rpoxoyeHue, u3MenbYeHNUE, IPOMBIBKA,
00e3BOXXIBaHMe, [OU3MeIbYeHNe) OIpe-
IeAICS, UCXOAS U3 HeOOXOAMMOCTU CO-
KpallleH!sA KPYIMHOCTYM OTapKOB [0 OITH-
MaJIbHOTO 3HAYE€HMs, CHIDKEHU BA3SKOCTU
Iy/JIbIbl M yHA/N€HUs IJIVHBI, ITOBbIIIEHUS
3¢ (PeKTMBHOCTM IPOLIECCOB IOCIENYIO-
niero  BbijenaumBaHusA. [loppenieTHbIN
IPOAYKT rpoxodyeHusa - 2,0 MM COCTOAI
U3 MMHEpPAJIbHbIX YacTUL, IPUTOJHBIX
IUI BbIIeNaYMBaHys (KMacc KpPyIMHOCTU
- 0,106 MM) U He paCKpPBITBIX CYTbPUIHBIX
MIHEpPAJIOB C MHKAICY/IMPOBAHHBIM 30710-
TOM B KOHIJIOMEpalMM C IJIMHUCTBIMU 4Ya-
cruniamu (kmacc kpynHoctu + 0,106 Mm).
Orapknu kpynsHoctbio +0,106 MM IIpOMBI-
BaJIM ¥ 00€3BOXXVBAJIN, A 3aTeM M3MeJIbya-
mu go 80 % xmacca 106 MKM.

PYB wuHunmmpoBano mper-po6OuHT
IEpBOTO THUIIA: 3HAYEHME YITIEPOHOTO
nper-po66unr (PRI), ompepensemoe nH-
nmexcom PRI-Tecta cocraBuio 2,5, 94T0 06-
yC/IaB/IMBaeT HEOOXOMUMOCTD MOJAB/IEHNS
ero copOLMOHHO aKTUBHOCTH. B KauecTBe
a/IbTEPHATUBHOTO PacTBOPUTENA 30/I0Ta
BMECTO LMAHUAA INPUHAT HETOKCUYHBIN
pearent — tmokapbamup (CS(NH,),, tno-
MOYEBJHA), KOTOPBIN VIMeeT IIePCIeKTUBbI
IpUMeHeHV Ha TOPHBIX MpeanpuATUaX. B
Ipoliecce BbIIeTTauMBaHNs THOKapOaMup

MePeBOMIUT MeTA/UINYeCKOe 30/I0TO B MOH-
HO€ COCTOsIHIE B BUJE IOIOKUTENIBHO 3a-
PSDKEHHOTO TMOKapOaMUIHOTO KOMIUIEKCA
Au[CS(NH,),]?* 6e3 ero okucneHus B Kuc-
noi cpene (pH=2-4).
OKCIlepyMEeHTaIbHBIM IIYTEM OIpefe-
JISIOCh BJIMISIHYUE CIEAYIOUIMX TeXHOJIOTH-
YeCKUX MapaMeTPOB B OMPENETEHHOM [IU-
arasoHe 3HAYEeHMIT Ha U3BJIeYeHNE 30/I0Ta:
KOHIIeHTpalus TnomModeBuHsl (ot 0.25 1o
3,0%); KOHLIEHTPALVsI CEPHOI KUCTTOTHI (OT
0,5% mo 3,0 %); ornowmenue T:K (ot 1:0,5
no 1:3); KOHLeHTpalus HepeKUCU BOJO-
pona (ot 0,1 1o 0,6 %). VI3yueHa KuHeTHKa
mpolecca TMOKapOaMMHOTO BBILIETAqN-
BaHUA (PUCYHOK 2 a). YCTaHOBJIEHBI 3aBJ-
CHMOCTM KOHIIEHTPAlMM OPraHNYeCKOTO
yrinepopa B TBepaoi ¢ase (pucyHok 2 6) u
KOHIIEHTPAL[MU TUOMOYEBUHBI B PaCTBOpe
OT TPOJO/DKUTENBHOCTU MpOLecca TUO-
KapOaMUTHOTO BBIIIE/TAYMBAHN.

YcTaHOBIEHBI OITMMAJIbHbIE TEXHO-
JIOTMYECKUe TapaMeTpbl THUOKapOamm-
HOTO  BbILE/IAYMBAHUA: NPOJO/DKUTENIb-
HOCTb Ipouecca - 7 4.; KOHIeHTpauud
THOMOYEBUHBI — 2,0 %; KOHIeHTpauud
CEepHOM KUCIOTBI — 2,5 %; COOTHOILIEHMNE
T:JK = 1:2; KOHLIeHTpauKs IepeKICcH BO#O-
pona — 0,45 %. PesynbraT HOBOrO TEXHONO-
TMYECKOTO PEIIeHN A — TIOTy4eHNEe BBICOKMX

IIOKa3aresieil M3B/IEYEH 30/10Ta Ha YPOB-
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PVICyHOK 3. — TexHonoru4yeckasa cxema TI/IOKap6aMI/1,EI,HOFO BbllLelavdynBaHMNA 30710Ta U3 NnexXasblX CyJ'IbeI/I,D,HbIX

d)J'IOTaLI,VIOHHbIX XBOCTOB

He 89,66% 3a CYET MHTEHCUPUIMPYOIIIX
(bakTopoB: PUIMYECKUX — MEXaHUYIECKOe
IiepeMelIVBaHye Iy/IbIIbl B YaHe MOCpes-
CTBOM CJIBOCHHBIX I'VMAPOAVHAMIIECKIX
VIMIIE/ITIEPOB; XMMUYECKUX — JobaBKa a¢-
(beKTMBHOTrO OKUCINTENA (IIePEeKICY BOJO-
popa). 3HaueHue IOKas3aTe/s MU3BJIeYEeHVA
30714 aJleKBAaTHO IIOKa3aTe/i0 L[IaHVUITHOTO
BBIIIE/IAYMBAHNA C NPYMEHEHJEM aHaJIo-
TMYHBIX METOJOB MHTEHCU(PUKALVIIL.

CrneflyeT OTMETUTD, YTO IIPU TUOKAp-
0aMMIHOM  BBILIETAYMBAHNM  MCKITIOYe-
Ha HeOOXOAUMOCTb B 00€3BpEXMBAHNU
IIPOMBIIIIEHHBIX CTOKOB M OTBanoB. Cry-
LIEHHBI IIPOAYKT 00e3BOXXMBAHNS TIOCTIE
OTMBIBKM OT TMOMOYEBMHBI MOXKHO JIC-
II0/Ib30BATh B CTPOVIMHAYCTPUIL.

VI3y4eH BelleCTBEHHDbINI COCTaB JIe-
XKaMbIX (IOTaUMOHHBIX XBOCTOB 3VD.
PesynbpTathl KOMMYECTBEHHOTO MMHeEpa-
JIOTMYECKOTO aHa/INM3a IOKa3aly Halaudue
NVpPUTA, APCEHONMPUTA, MaTHETUTA, XaJIb-

Konuputa, unbmenura u pap. Copepxka-
50

HI€ KBapla U II0JIEBOTO IIIIaTa JOCTUTAET
sHayeHun 48,75%. IlomykonmyecTBeHHBIM
CIIEKTPaZbHBIM AHAJM30M YCTAHOBJIEHO
IpUCYTCTBME B XBOcCTax Xenesa 10-15%,
mbimbsaka 0,15%, cBmuia 0,01%, mmHKa
0,01%, omosa 0,0001 %, memm 0,015% u nip.
anemenToB. Merogom HRTEM-uso6pa-
JKE€HVs YCTaHOBJIEHO, YTO YaCTUIIBI 30/10TA
BXOJIUT B COCTaB KPUCTAJI/INIECKON PELIET-
Kl MIHEPAJIOB - HOCUTETIEN.

Ha nasepnom ananmmsarope dacTuiy
«Muxkpocaiizep 201A» wu3y4eH rpanyio-
METPUYECKHI COCTaB TEXHOT€HHOTO CbIPbs.
YcraHoBIeHO, uTO 74,37 % (pakumm XBo-
CTOB IIpefCcTaBIeHbl Knaccom munyc 0,074
MM, U3 KOTOPBIX II0 TE€XHOJIOIUM, IpUMe-
HYMOJ Ha [eMCTBYIOIEM IpeAnpUATAN,
30/I0TO He MU3BJIEKA/IOCh U IIPEICTABIIATIO
co00Jf TeXHOJIOTMYeCKMe IOTepu. OIJIeK-
TPOHHAs MMKPOCKOIMs IIO3BO/INM/IA OIIpe-
[EeNATh pasMep 4acTul] MHKAICYIMPOBaH-
HOTO 30710Ta B CYIbPUIHBIX MUHepasax,
KOTOpbIt focTuraer 10 MkM. Jto obyca-
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PucyHok 4. — 3aBUCUMMOCTb U3BNEYEHUS 30/10Ta OT COAEepPXaHUs knacca MnHyc 10 MkM (d) npw ncnonb3oBaHUKU

MHTEHCUdULMpyoLwmx ¢akTopoB:

1 — CBEPXTOHKOE M3MesfibYeHre, Harpes nysibrbl, MEXaHNYEeCKOoe NnepemMeLlnBaHme, 030H;

2 — BbllLeNavynBalOLWMi peareHT TMoMoveBmnHa + HSOy4, MexaHMyeckoe nepemellunBaHue;

3 — BbllWenaymBaloLme peareHTbl TMIOMoveBmUHa + rnumnH + HSO4, MexaHuyeckoe nepemMeLLmBaHmE;

4 — BbllWenayvBalrLLne peareHTbl TMOMOYEBUHA + MnuMH + HySO4, MexaHMYeckoe nepemMeLlmBaHme, Nepekmnchb

BOAOPOAA

BIMBAaeT HEOOXOAVMOCTb IpPUMEHeHUs
CBEPXTOHKOTO VI3M€/IbYeH A TEXHOT€HHOTO
CBIPbA.

Pagpaborana TexHOMOrMs mepepaborT-
K/l TEXHOT€HHBIX OTXO[[OB Ha OCHOBE IIPU-
MeHEHUS] HETOKCUYHBIX PacTBOPUTENEN
30/10Ta (TMOKApOAMU/ U TIUI[MH) Y KOMOM-
HUPOBAHUSA CBEPXTOHKOTO W3MeTbYeHNs
JIeKAIBIX CY/IbPUIHBIX XBOCTOB U OKVCIIN-
TEIBHOTO BBIIIE/TAYMBAHNSA IPU aTMOCheEp-
HOM [JaBJIEHUM — TEXHOJIIOTUIO AJ/IBOMOH
(Albion Process).

JlesyHTerpanysa TOHKMX YacTUL, CYJIb-
(1)]/[,[[OB IIp1 CBEPXTOHKOM WM3ME/IDPYEHNN B
IJITAHETAPHOM ME/IbHULIE O TOHVHbI IIOMO-
na 85 % KI. — 10 MKM CIIOCOOCTBYeT yBe-
YEHNIO IJTOIaaM ITIOBEPXHOCTU Cy}Ib(i)I/II[OB
Y YMEHDBLIEHNIO €€ IacCUBaLUM IPOMAYK-
TaMIl BbIIIE€TAYVIBaHNA Ha OCHOBE CEpPbI,
nedbopManuy KPUCTA/UINIECKON PeIéT-
K/ apCeHONMpPUTa, INUPUTA, MarHeTUTa,
XaJIbKOMPUTa U 00pa3oBaHMi0 TedeKTOB
B BIJIe MAaKpO-, MUKPO- U HaHOIIOP, KO-
TOPbIE€ BBINIO/IHAKT pO/Ib HAHOPEAKTOPOB,
BO3pacCTaHUIO I‘HY6I/IHbI BbIIIC/TAaYMBaHIA.

KomnuectBo pedexkroB Ha CymbOUIHBIX
MMHepa/IaX YBeIMYNBAETCA Ha HECKOTbKO
HOPAJKOB II0 CPAaBHEHNUIO C MaTepuaioM
IO M3Me/bYeHNA.

IIpm pByXCTafguajabHOM  BBILIEIAYN-
BaHUM TIPUMEHSAIOTCA [OIOJTHUTENIbHbIE
MeTOfIbI MHTeHCUpUKaun: Gpusndeckme —
MeXaHIYeCcKoe IepeMelllBaHNe, TepMuye-
CKOe€ BO3[IeJICTBIE; XMMIYECKIe — adpanus
030HOM, I06aBKa IIepeKNCcY BOLOPOJA.

TexHnonormveckast cxema THOKapba-
MIJITHOTO BBIIIE/TAYNBAHNUA 30/I0TA U3 JIe-
YKaJIBIX CY/IbQUAHBIX (IOTALMOHHBIX XBO-
CTOB IIpe[CTaBJIeHA HA PUCYHKe 3.

Pesynbrarbl 9KCIIEpVMEHTA/IbHbIX
MCCIEOBAHMIT BIUAHUA CIIOCOOOB MH-
TeHCUPUKAIMY ¥ HOBOWl  KOMIUIEKCO-
06pa3yfou1e17[ CUICTEMBI, COCTOSIIIEN 13 TNO-
MOYEBMHBI ¥ IIUIMHA (AMUMHOKMUC/IOTHI) Ha
U3BJIeYeHNe 30/I0Ta B Ipoliecce THoKapbha-
MMJJHOTO BbIL€/TAaYVBaHNA IPENCTaB/ICHbI
Ha PUCYHKe 4.

V3Bneuenue 3omota Ha | cTaguu Boile-
JauMBaHuUsA cocTaBuno 72,7%. KombuHa-
IVl METONOB MHTeHCUUKAIUY Ipoliec-
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COB OKVCJIEHUs CYIbQUIHBIX MJIHEPAIOB
Ipy [ABYXCTaZuaAbHOM BbILeTa4MBaHUN
30/10Ta 3 TEXHOTE€HHOT'O CBhIPbs, II03BOMIN-
J1a ITOJIYYUTb CKBO3HOE M3BJI€YEeHME 30/10Ta
85,5 %, uTo B 3,87 pasa Oosblile 11O CpaBHe-
HUIO C aHAJIOTOM KJIACCMYECKOro LMaHUJL-
HOTO BbIIeTaunBanys (€,,= 22,1%).

BbiBOAbI
PaspaboTaHHbIe 9KOMTOTOIA/ISIIIe TeX-
HOJIOTUY TIepepabOTKU OTXOHOB TOPHOII
30/10TO[J00BIBAIOIE)l KOMIIAHUM C IIPU-
MeHEHVeM HETOKCHMYHBIX PacTBOPUTeENei
3070Ta (TMOMOYEBVHA, IINLIVH), IpUMe-

HeHue QU3NYECKNX METOJOB MHTEHCHU-
buKauuy MpoOIeCCOB BBILIENTAYNBAHNS U
CUIBHBIX OKUCMTENer (030H, MEePEKUCh
BOJIOPO/ia), TO3BOJIAT He TOTIbKO YBEMNINUTD
BBIITYCK JPAroljeHHOro MeTasila ¥ HOMOJI-
HUTb 30/I0TOBA/IIOTHBIE PE3EPBBI CTPAHBDI,
HO ¥ ONTUMM3UPOBATb B3aMMOIENCTBIE
(KO3BOJIOINIO) IPUPOJHOIL (YeTOBEK-TIPU-
pofia) ¥ TEXHOTEHHOI (4eTOBEeK-TEXHOIO-
IUM) CUCTEM U 06ecrednuTh BO3MOXKHOCTD
MX KOMIIPOMICCHOTO COCYIII€CTBOBAHSL.
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In accordance with the state policy
of the innovative development path of
Russia and the tightening of requirements
for the introduction of the best
available technologies that ensure the
possibility of compromise coexistence
of two systems: human nature, human
technology [1], it becomes necessary to
develop environmentally friendly methods
for leaching gold. Therefore, the search for a
substitute of aggressive cyanide for low-
toxic solvents [2] using the intensification
methods of the process in order to
fully extract the noble metal is an urgent
scientific task [3-5].

Mineral raw materials, both natural
and technogenic, containing scattered
carbonaceous substance (RVC) in the
amount of 1 to 5% (hard coal ores), in
accordance with the classification of
V.V. Lodeishchikov, belonging to the
technological type «G», are of greatest
interest to technologists [6].

The objects of research are recumbent
cinders of calcination of sulfide gold-
bearing ore with inclusions of dispersed
carbonaceous matter, obtained at an arsenic
plant, and recumbent sulfide flotation
tails of a gold recovery plant (gold mining
company Higlhland Gold, Darasun mine,
Trans-Baikal Territory).

The subject of research is cyanide-free
technologies of gold leaching using the
processes intensification. The purpose of the
work s to develop environmental technologies

for extracting gold from stubborn mineral
raw materials. Enrichment studies were
carried out on two small laboratory samples
weighing 2.0 kg each (recumbent cinders and
sulfide flotation tailings).

The study of the material composition
was carried out using the following
methods: sieve analysis, spectral, atomic
absorption, phase, X-ray phase, pH -
metry, assay analysis and others. During
experimental  studies, the leaching
efficiency was evaluated by the recovery of
gold into solution or solid residue based on
the results of elemental and phase analysis,
control of the measurement of the mass of
the solid phase.

A combined technology of oxidation
of dispersed carbonaceous matter and
thiocarbamide leaching of gold from stale
sulfide stubs at atmospheric pressure and
temperature of 20 °C has been developed
(Figure 1).

The chemical and granulometric
compositions of gold-containing cinders
have been studied. Stale stubs stored at the
mine’s industrial site for 50 years in a region
with a sharply continental climate and a
large average annual temperature difference
were subject to hypergenic transformation
and formed sulfide-sulfate paragenesis.
As a result of natural disintegration, the
cinder size of + 12.5 mm was significantly
destroyed, so the fraction of the size of the
firing products from - 2.00 to - 0.075 mm
was 81.66%. Chemical composition of the
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cinder (emission-spectral analysis): Ai =
6.54 g/t; Ag = 36.1 g/t; Sorg.= 2.5%; Total.
=3.58 %; Sulfidn. = 0.9%; Sorg. = 2.5%; As=
0.815%; Fe=12.84 %; Sb = 0.03 %.

The choice of preparatory processes
(screening, grinding, washing, dewatering,
re-grinding) was determined based on the
need to reduce the size of the cinder to the
optimal value, reduce the viscosity of the

pulp and clay remove, and increase the
efficiency of subsequent leaching processes.

The sublattice screening product -
2.0 mm consisted of mineral particles
suitable for leaching (size class - 0.106 mm)
and undiscovered sulfide minerals with
encapsulated gold in conglomeration with
clay particles (size class + 0.106 mm). The
stubs with a size of +0.106 mm were washed

Oczapku (kp. +12,5 mm), fau— 6,54 o/m
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; +2,0 MM -2,0 MM *
H3menbuenne IIpoMbIBKa SO,
— 0,
y +0,106 M - 0,106 v (€=2,5%)
'
T
O0e3BoKUBaHNE O06e3BokuBaHNE z;gfzgttg%@
H0;
‘L Ocadok Cnue ,L | Ocaook (C=0,45%)
—
Jlousmesibuenue Cuus — 6 omsan AruTanuoHHoe
(80 % xn. 10 mxm) BbILIeJIAYMBAHHE
H>504 —T Tuomouesuna (C=2,0%)
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LInam Y y
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Figure 1 — Technological scheme of thiocarbamide leaching of gold from stale sulfide ogs
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Figure 2. — Effect of the duration of the thiocarbamide leaching process on the extraction of gold into a thiourea
solution (a) and the concentration of organic carbon in the solid phase (b)

and dehydrated, and then crushed to 80%
of the class 106 microns.

DCM initiated preg-robbing of the first
type: the value of carbon preg-robbing (PRI),
determined by the index of the PRI test, was
2.5, which necessitates the suppression of
its sorption activity. A non-toxic reagent,
thiocarbamide (CS(NH,),, thiourea), has
been adopted as an alternative solvent for
gold instead of cyanide, which has prospects
for use in mining enterprises. During the
leaching process, thiocarbamide converts
metallic gold to the ionic state in the form of
a positively charged thiocarbamide complex
Au[CS(NH,),]** without its oxidation in an
acidic medium (pH=2-4). The influence of
the following technological parameters in a
certain range of values on gold extraction
was determined experimentally: the
concentration of thiourea (from 0.25 to
3.0 %); the concentration of sulfuric acid
(from 0.5% to 3.0%); the ratio T:-W (from
1:0.5 to 1:3); the concentration of hydrogen
peroxide (from 0.1 to 0.6 %). The kinetics
of the thiocarbamide leaching process has
been studied (Figure 2a). The dependences
of the concentration of organic carbon
in the solid phase (Figure 2b) and the
concentration of thiourea in solution on
the duration of the thiocarbamide leaching
process are established.

The leaching process was characterized
by a high rate of dissolution of gold,
improvement of technological indicators
of extraction of precious metal by
combining separate stages of leaching along
two technological branches separately
for fractions of size + 0.106 mm and -
0.106 mm.

Optimal  technological parameters
of thiocarbamide leaching have been
established: the duration of the process is 7
hours; the concentration of thiourea is 2.0%;
the concentration of sulfuric acid is 2.5%;
the ratio T: W = 1:2; the concentration of
hydrogen peroxide is 0.45%. The result of
the new technological solution is to obtain
high gold recovery rates at the level of
89.66% due to intensitying factors: physical
- mechanical mixing of the pulp in the vat
by means of twin hydrodynamic impellers;
chemical - the addition of an effective
oxidizer (hydrogen peroxide). The value of
the ash recovery index is adequate to the
cyanide leaching indicator using similar
intensification methods.

Itshouldbenoted thatwith thiocarbamide
leaching, the need for neutralization of
industrial effluents and dumps is eliminated.
The condensed dehydration product after
washing from thiourea can be used in the

construction industry.
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Figure 3. — Technological scheme of thiocarbamide leaching of gold from stale sulfide flotation tailings

The material composition of the stale
flotation tails of the GRP has been studied.
The results of quantitative mineralogical
analysis showed the presence of pyrite,
arsenopyrite, magnetite, chalcopyrite,
ilmenite, etc. The content of quartz and
feldspar reaches values of 48.75%. Semi-
quantitative spectral analysis revealed the
presence of 10-15% iron, 0.15% arsenic,
0.01% lead, 0.01% zinc, 0.0001% tin, 0.015%
copper and other elements in the tails. By
the method of HTEM imaging, it was found
that gold particles are part of the crystal
lattice of carrier minerals.

The granulometric composition of
technogenic raw materials was studied
using the Microsizer 201A laser particle
analyzer. It was found that 74.37% of the
tailings fraction is represented by a minus
0.074 mm class, from which, according to
the technology applicable at the operating
enterprise, gold was not extracted and
represented technological losses. Electron
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microscopy made it possible to determine
the particle size of encapsulated gold in
sulfide minerals, which reaches 10 microns.
This necessitates the use of ultra-fine
grinding of technogenic raw materials.
A technology for processing man-made
waste based on the use of non-toxic gold
solvents (thiocarbamide and glycine) and
a combination of ultrafine grinding of stale
sulfide tailings and oxidative leaching at
atmospheric pressure - Albion Process
technology has been developed.

The disintegration of fine particles
of sulfides during ultrafine grinding in a
planetary mill to a grinding fineness of 85%
cl. - 10 microns contributes to an increase
in the surface area of sulfides and a decrease
in its passivation by sulfur-based leaching
products, deformation of the crystal
lattice of arsenopyrite, pyrite, magnetite,
chalcopyrite and the formation of defects in
the form of macro-, micro- and nanopores,
which serve as nanoreactors, increasing the
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Figure 4. — Dependence of gold extraction on the content of class minus 10 microns (d) when using intensifying

factors:

1 — ultrafine grinding, pulp heating, mechanical stirring, ozone;

2 — thiourea + HySO4 leaching reagent, mechanical stirring;

3 — thiourea + glycine + H,SO4 leaching reagents, mechanical stirring;

4 — leaching reagents thiourea + glycine + H,SO4, mechanical stirring, hydrogen peroxide

depth of leaching. The number of defects on
sulfide minerals increases by several orders
of magnitude compared to the material
before grinding. In two-stage leaching,
additional intensification methods are used:
physical - mechanical mixing, thermal
action; chemical - ozone aeration, addition
of hydrogen peroxide. The technological
scheme of thiocarbamide leaching of gold
from stale sulfide flotation tailings is shown
in Figure 3.

The results of experimental studies of the
effect of intensification methods and a new
complexing system consisting of thiourea
and glycine (amino acid) on the extraction
of gold during thiocarbamide leaching are
shown in Figure 4. Gold recovery at the first
stage of leaching was 72.7%. A combination
of methods for intensifying the oxidation of
sulfide minerals during two-stage leaching

of gold from man-made raw materials,
allowed to obtain a through extraction of
85.5% gold, which is 3.87 times more than
the analogue of classical cyanide leaching
(eAu =22.1%).

Conclusions.

The  developed  environmentally-
friendly technologies for the gold mining
company waste processing with using the
non-toxic gold solvents (thiourea, glycine),
using the physical methods of intensify
the leaching processes and strong oxidants
(ozone, hydrogen peroxide), will not only
increase the output of precious metal and
replenish the country’s gold and foreign
exchange reserves, but also optimize
the interaction (coevolution) of natural
(human-nature) and technogenic (human-
technology) systems and to ensure the
possibility of their compromise coexistence.
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