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BeepeHue

B Poccum n mupe CymiecTByIOT 3HAYM-
TeNbHbIE 3allachl 30/7I0TOYPaHOBBIX PY/,
KOTOpBle IPEICTAB/IAIOT OCOObI MHTe-
pec 13-3a BO3MOXKHOCTU OJIHOBPEMEHHOI!
[0OBIYN 30710Ta, KAK OCHOBHOTO II€HHOTO
KOMIIOHEHTa, M ypaHa, KaK CONYTCTBYIO-
mero. V3-3a pasmmunit B GopMax HaXox-
leHNA 30710Ta M yPaHa B pyfie, a TaKXKe UX
XUMIYECKUX ¥ PU3NIECKUX CBOMCTBAX CY-
I[eCTByeT HeOOXOAMMOCTb B paspaboTke
KOMIUIEKCHO! TEeXHOJIOTMM TIepepaboTKu
pyn. Tak, HarmpuMep, ypaH yallje BCEro Ha-
XOIMTCA B OKCUHOI popMe 1 JOCTaTOYHO
JIETKO BCKPBIBAETCsA B CEPHOKMUCIOTHBIX U
KapOOHATHBIX pacTBOpax. 30/I0TO IPUCYT-
CTBYeT KaK B cBOOO[HOII ¢opMe, KOTOpoe
MO>KeT OBITb BBIIIETIOYEHO PACTBOPAMU
I[MAaHUMIOB, TaK U B yIOpHOI ¢dopMe, YTO
TpebyeT MOMOTHUTENbHBIX OIepaLuil Iyt
TIO/TyYeHUs YIOBIE€TBOPUTENbHBIX PE3YIlb-
TaTOB 10 BCKPBITHIO.

B panHOI paboTe mcciefoBanm BO3-
MO>KHOCTb aTMOC(EPHOTO 1 aBTOK/IABHOTO
OKJIC/IVITE/IbHOTO BBIIETAYMBAHNS  30J10-
TOYPaHOBOJI IIPOOBI Pypbl, a TaKKe (roTa-
IIIOHHOe oboraieHne MCXOJHOM PYAbl U
oCTaTKa aTMOC(EPHOro CEPHOKNCIOTHOTO
BBIIIIe/IAYVBAHVIA.

OcHOBHbIe crnoco6bl nepepa6oTkm
30/710TOYypPaHOBbIX PYA
CHeL[I/I(l)I/[Ky TEXHOJIOTNMYECKNX CXEM
nepepaboOTKM 30/I0TOYPAHOBBIX PYf, Ipe-
JKII€ BCETO, OIIpeNe/IAT COCTaB " CBOJICTBA

CBIPbsi. 307I0TO U YpaH B PyAax, KakK IIpaBu-
710, He 00Pa3yIOT COBMECTHBIX MMHEpAIb-
HBIX accolyanyit. B pymax 6ompiras 9acts
30710Ta SIBJISIETCSL YIOPHOIL, T.e. TECHO ac-
COLMMPOBAHHOM C CyIb)UAHBIMY MIHe-
panmamim, Kak IpaBUjIo, MUPUTOM U apce-
HONMPUTOM. YpaH B PyHaX, B OCHOBHOM,
HaXOIMTCS B BUJE OKCUIHBIX MUHEPATIOB.
V13-3a TOHKOJT BKPAIUIEHHOCTY MUHEPATIOB
ypaHa B KOMIIOHEHTaX PYAbl MOC/IENHNE
IUIOXO TOAAIOTCS MeXaHMYecKoMy o060-
raieHnio ¥ M3B/IeUYeHNe ypaHa U3 PyJ B
OOTIBIINHCTBE C/Ty4aeB IPOBOANUTCS XUMM-
94eCKMM IyTéM (BBILeTadMBaHIe PacTBO-
paMi peareHToB).

TexHonormveckue cxempl Iepepabort-
K/l 307I0TOYPAaHOBBIX PYJ, INPeICTaB/IAIT
c0o60J1 TOBONIBHO CIOXKHbIE MHOTOCTATNII-
Hble Ipolecchl. TexHOMOTMY MepepaboTKM
30/I0TOYPAaHOBBIX PyZ 6as3upyroTcs Ha 4 oc-
HOBHBIX TEXHOJIOTMYECKUX Tporjeccax [1]:

o BoimenaunBaHme ypaHa (KMCIOT-
Hoe (CepHOKMCIIOTHOE) W Kap6o-
HaTHOe (comoBoe)).

« OroTanuoHHOE OOoralleHMe.
o OKMUCTUTENBHBIN OOXKIUT.
o IlmanmposaHue.

YKkasaHHbIE TEXHONTOTMYECKNE TPUEMBI
MOTYT NPVMEHATHCA B PA3IMYHON ITOC/Ie-
MIOBATE/IbHOCTY U B Pa3/IMYHBIX COYETAHN-
AX, JONOMHAA JPYT LPYra, 4YTO MO3BOAET
OpPraHM30BbIBATh IIPOM3BOJICTBO 30/10Ta U
ypaHa 13 KOMIIIEKCHBIX DY/l B paMKax Ofi-
HOTO IpEeANPUATHA.
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Ta6nuua 1 — XMMn4eckuit CocTaB UCXOOHOMN pyAabl

SneMeHT 3HauveHune (%) oneMeHT 3HayeHune (%)
Au (r/7) 1,4 C 0,2
Ag (r/7) 7,8 Copr <0,
U (r/7) 32,9 Zn < 0,01
As 0,04 Mg 0,1
F 2,3 Mn 0,02
S 13 Na 0,8
S(SOa4) 0,1 Sb < 0,01
So <05 Co <0,01
Si 29,9 Cr 0,03
Al 73 Cu < 0,01
K 7,8 Hg 0,3
Ca 0,5 Ni 0,02

Ta6bnuua 2 — Ousnyeckne CBOMCTBA U FPAHYJIOMETPUYECKUN COCTAB U3MESIbYEH-

HOW pynAbl
D W P(45) P(71) P(125)  P(250) P(355)  P(600)
(r/cm®) (%) (%) (%) (%) (%) (%) (%)
2,6 0,2 68 76 84 91 94 100

MpumeyaHme: D — nnoTtHocTb (r/cm®); W — BnaxHocTb (%); P(N) — cogepxaHme knacca yactmy, -N MkM (%)

MUcxopHble MaTepuansl

[l71s1 mpoBefieHMsI UCCIeNoBaHmit ObITa
JICTIONIb30BaHAa  TEXHOJIOTMYECKAasA  IPO-
0a pymbl, XUMMWYECKUII cocTaB u usm-
YecKMe CBOJCTBA KOTOPOV IIpUBENEHbI
B Tab/muax 1 u 2. Ha pucynxke 1 mpepcras-
NeHbl (OPMBI NIPUYPOYEHHOCTY 307I0Ta B
pyzne.

Vccnepyemas mpoba pynbl XapakTe-
pu30Bazach OTHOCUTENBHO HEBBICOKUM
conep>xanneM 3omota (1,4 r/T) n KpaiiHe
HUSKUM cofiep)kaHueM ypana (32,9 r1/1),
copepkaHue cepebpa cocrasnano 7,8 T/T.
CopepyxaHue 0611eil cepbl HAXOAMIOCh Ha
ypoBHe 1,3 %, mopaBiAmmias 4acTb KO-
TOpOJI ObUTa IIpefcTaBIeHa CyIb(UIHON
¢opmort. OCHOBHBIMM KOMIIOHEHTaMU B
pyZie ABNAKTCA CYIMKATHBIE M ATIOMOCH-
NIMKaTHbIE MUHEPaIbl.
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Mopogoobpasytowme
MUHeparnbl

= Cynbduabl

= fnapokcmabl,
KapboHaTbl

= CBobogHoe
(unaHupyemoe)

Pacnpegenexue 3on0Ta (r/T)
o
[oo]

PucyHok 1 — ®opMbl NPpUypoOYeHHOCTHN 3010Ta B pyae

Copep>kaHne KapOOHATHOTO yITIepofia
B pyne Heb6ombioe (0,2 %), 94TO T03BOISAET
paccunTeiBaTh Ha 3(QPEKTUBHYIO peasu-
3aI[MI0 TEXHOJIOTMM KVCJIOTHOTO BBIII[e/Ia-
YYBAHMA C YMEPEHHBIM PAacXOJOM CEPHOII
KJC/IOTBL.

OTHOCKTENbHO HebOoMblIne CopepKa-
HUA I[eHHBIX KOMIIOHEHTOB (30710TO, ce-
pebpo M ypaH) M YIOPHOCTb PYAbI K KX
M3BJIEYEHNIO MOTYT IPENCTABIATh TEXHO-
JIOTMYeCKMEe CTIOXKHOCTH.



I'IpﬂMoe BblilesiadymBaHune

CornacHO [aHHBIM XMMMIYECKOTO aHa-
nM3a uccnenyeMoit pyanl (tabmmima 1) co-
nepxanusa Ca m Mg, OCHOBHBIX «IIOTpe-
OuTesnei» KUCIOTHI IPU CEPHOKUCTOTHOM
BbIIIe/TaYMBaHMIL, 061710 HeBbICOKMMM (0,5 %
n 0,1 %). Hebonbmoe comepxanme kap6o-
HATOB B PY/e II03BOJLA/IO PACCYNTHIBATD Ha
eé ¢ dexTHMBHOE BbIleTauYMBaHNE TPALU-
IIVIOHHBIM CIIOCOOOM — CEPHOI KVICTIOTOM C
yMepeHHBIM PacXoJoM peareHTa.

OCHOBHBIM MIHEpAJIOM ypaHa B pyHe
sABnsgercs 6panHeput [2]. [Ina BO3MOXXHO-
ro ITOBBIIICHMS CTEeIleHY ITepexofa ypaHa B
XUJIKYIO a3y My/IbIIbl IpK aTMOCHEepHOM
BBIIETTAYVMBAHNM VICIIONIb30BA/MN JO0OaBKY
OKMCTINTeNIA, B KauecTBe KOTOPOTO VICIOMb-
30BaJIM A30THYIO KICIOTY ¥ Ta3000pasHbIi
Kucnopop,. I1py aBTOK/TaBHOM OKVIC/IUTENb-
HOM BBIIIIeTTAYMBAHNN B aBTOK/IAB IIOfIaBa-
JIM TOTbKO Ia3000pa3HbIi KUCTIOPO,.

JobaBKa OKMCIUTENSA Ha BbIIE/TadlBa-
HIle JO/DKHA OblIa OKa3aTh IIO/IOXKUTE/Ib-
HOe B/IMHME He TONbKO Ha ypaH, HO U Ha
U3BJIeYeHe 30/10Ta M3 OCTAaTKa IIPY MOC/Ie-
AyIoLleM LIVAHMPOBAHUU 3a CUYET OKUCIIe-
HIA CYTbQUIHBIX MIHEPAJIOB.

B kauecTBe a/bTepHATUBBI CEPHOKIIC-
JIOTHOMY IIpOLiecCy OBUIO NPOBEHEHO He-
CKOJIBKO OIIBITOB 10 KapOOHATHOMY BbIIIle-
JIaYVBAaHMIO PyAbl. BhlmnenaunBanue Bemu
pactBopamu Kapbonata u OukapOoHaTa
HATpWUsA, B TOM YMCIIe ¢ JOOABKOJ OKVC/IN-
Te/IsA — Ta3000pa3HOro KUCTIOPOfa.

Taxum o6pas3oM, Ha CTafguMy BBIIENA-
YYBaHUA PY/bl OJHOBPEMEHHO IBITAINCDH
JOOUTHCSA BBICOKVIX IIOKA3aTesIel 110 CTele-
HI TIEpeXOfia ypaHa B PAaCTBOP U BCKPBITUA
YacTUL], YIOPHOTO 30/10Ta, KOTOPbIe MOTYT
OBITh M3BJIEYEHBI 113 OCTATKOB BBIIETAYN-
BaHVA [IPY NOCTIEAYIONEM [IMaHNPOBAHNMN.

B mnpoBopumpIX oOmIbITax M3y4anoch
B/IVAAHME TEMIIEPATYPbI, IJIOTHOCTY ITy/Ib-

Ibl, KOHI[EHTPAI[MM CEePHON KUC/IOTHI,
KPYIHOCTY PYAbI, JOOABKM OKMCIUTENS,
MPOJO/DKUTETbHOCTH, HaB/I€HUS KICTIOPO-
71a, BBILIE/IAYMBAIOI[ETO peareHTa.

[Ipn CcepHOKMCIOTHOM aTMOC(epHOM
BolmenaunBannn (AB) m  aBTOK/IaBHOM
OKMCINUTEeTTIbHOM BblmenaunBanuy (AOB)
U3BJ/IeYEHNE YPaHa B PACTBOP HaXOAWUIOChH
Ha IIPMMEPHO OITHAKOBOM YpoBHe 78-82 %
IIPY €T0 OCTATOYHOM COJI€P>KaHMM B KeKax
BblllenadnBanya 7 r/T. Ilpy AB ocHOBHasA
4acThb ypaHa pacTBOPANIACh B TEYEHNE TIEp-
BOrO 4aca 0OpaboTKM pyAbl pacTBOPOM
CepHOII KUC/IOTHI 6e3 HOOaBKM OKUCINTE-
JIf, YTO CBUJETEIBCTBOBAIO O MUHUMAJIb-
HOJ [I0JIe YIIOPHOJ MMHepanusauuy ypa-
Ha B uccrenyemoin npobe pyasl. C Toukn
3peHMs U3BJIEYEHNA yPaHA B PAcTBOP JO-
0aBKa OKMCIUTE/IS B ITY/IbITy PV BBILETIa-
YMBAaHMM HelenecooOpasHa, OKUCINTENDb
HeoOXO[UM ISl OKVC/IEeHUA CyTbPUAOB 1
BCKPBITHA YIIOPHOTO 30710Ta.

ITpu AOB pyzbl 6€3 f06aBKM KUCTOTBI,
COOCTBEHHOII CEpPHOII KUCTIOTHI, 00pasyio-
IIeTics U OKUCTIEHNN CYTbQUIHON Cephl
(1,3 %), ObIIO HEJOCTATOYHO AJIA IIyOO-
KOTO BbILENIa4MBaHNA YPaHa, CTEIIEHb €r0
Iepexofia B paCTBOp He IpeBbiiana 62 %.
Hlo6aBka cepHOIt KicmoTs (35 1/71) ctoco6-
CTBOBaJIa ITOBBIIIEHNIO €TO M3B/ICYEHNA B
pactBOp 1o 78 %.

Hobaska a30THOII KVUCJIOTBI
(30-45 kr/T) npu AB 103BOJIsI/Ia OKUCTTUTD
1o 80 % cynbdUIHON Cepbl, YTO MOIOXKM-
TEeJIbHO CKa3bIBa/I0Ch Ha U3BJI€YEHUH 30710-
Ta. 3a 6 YacoB BbIIenauyBaHus mpu 95 °C
BCKPBIBA/IOCh U M3BJIEKA/JIOCh IIPU IIOCIIe-
AyIolIeM LIMIaHVPOBAaHUM OCTAaTKa BbIllje/Ia-
yuBaHMs 0K07I0 40 % yIOpHOro 30710Ta.

[IpuMeHeHMe Tra30006pasHOTO KIUCIIO-
pona i OKWCIeHUus: CynbpumoB B at-
MOC(hEpPHBIX YCIOBUAX ManodeKTUBHO
U3-3a HM3KOJ CKOPOCTM OKMUC/IEHMUs, B OC-
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MN3BneyeHne LLeHHbIX KOMNOHEHTOB
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HOBHOM, nuputa. IIpu AB 3a 6 yacoB BbI-
Hie/la4MBaHNA yAaBaa0oCch OKUCIUTD 1o 40
% CynbQUIHON Cepbl ¥, TEM CaMbIM, ITIOBBI-
CUTD IOMIO0 LIMaHUPYEMOTO 30/10Ta B OCTAT-
Ke BhIemadBanysa 1o 50-53 %.

AOB pygst ipu 140 °C ¢ nocToAHHOM
nofayeil ra3oo6pasHOro KUCIOpOfa Io-
3BOJISIIO CTAOVJIBHO OKVC/IATD 32 4 yaca Jio
85-90 % cynbdumHON cepbl ¥ BCKPbIBATb
OO0JIBIIIYI0 YaCTh YIOPHOTO 30/10Ta, KOTOpas
CTAHOBMJIACH IOCTYITHOM /1 LMIaHUTHOTO
pacTBopa Ipy LMaHMpoBaHuu. Jssreue-
HIE 30/10Ta CTAaOWIbHO JocTuraao 85-90 %
IIPU €0 OCTATOYHOM COJI€pPXKaHMUM B KEKax
LMaHypoBanuA Ha yposHe 0,15-0,20 r/T.

B kayecTBe anbTepHATUBBI CEPHOKIC-
JIOTHOMY BBIIIle/Ta4VBAHNIO OBV TPOBefe-
HBI MCCTIEJOBAaHNsA 10 KapOoHATHOMY (co-
JI0BOMY) BbllljeflaunBaHmio pyabl. CTeneHb
Iepexofia ypaHa B >KUAKYI0 a3y MyIIbIIbl
npu AB n AOB pyzbl pactBopamn Na,CO3
(40r/1) mNaHCO; (101/1) 66112 Ha20-30 %
HIDKe (OCTAaTOYHOe Cofep)KaHMe ypaHa B 2
pasa BBIIIIE), IO CPABHEHUIO ¢ 06PabOTKOII
pacTBOpaMu CEPHON KNUC/IOTBHI.

[Ipu peanmmsauym Kap6oHatHoro AB
n AOB wussiedeHme 30710Ta JOCTUTANIO
76-80 % npy MCNONb30BAHUM B KauyecTBe
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PucyHok 2 — V3BneyeHme LeHHbIX
KOMMOHEHTOB M3 pyabl npu AB n
AOB

KucnotHoe Kap6boHatHoe KucnotHoe Kap6oHaTHoe

(c0,)
AOB

OKJICTIUTENIA Ta3000pasHoro Kucimopopa. B
I[EJIOYHON Cpefie OKNC/IeHMe CYIbPIUI0B
IIPOXOAVJIO JUHAMIYHO, OJHAKO ITyOMHa
OKMCIeHuA cynbuuHoit cepsl (o 80 %)
CYIIECTBEHHO YCTyIana TPajUILIOHHOMY
CEepPHOKICIIOTHOMY Iporeccy. B Tabmmie 3
IpUBefleHbl ONTUMaJIbHbIEe TapaMeTpbl AB
n AOB, Ha pucyHKe 2 u3B/Ie4eHle LIeHHbIX
KOMITOHEHTOB.

Peammsaumsa rexnonorun AOB saTpyn-
HUTETbHA M3-32 HU3KOTO COAEPKaHUA
cepsl (1,3 %). ITpn aBTOK/IABHOI Ilepepa-
60TKe MasocepHUCTHIX (1o 5 % cynbbus-
HOJI Cepbl) MaTep1ajIoB BO3HUKaeT He00X0-
AVIMOCTb IIOCTOSIHHOJ IIOfIau)l B aBTOKJ/IaB
rpeolero Iapa I IOf0TpeBa IY/IbIIbI
o pabodeil TemrepaTypsl (yBelrudeHue
OIIepAI[MOHHBIX 3aTpar), a TAK>Ke VCIOMb-
30BaHMsI aBTOK/IaBa 3HAYUTEIBHOTO 00B-
éma (yBenMueHMe KaNUTAJIbHBIX 3aTpar).
C 1enbio CHIDKEHUA KallUMTa/lIbHBIX U OIle-
PAlMOHHBIX 3aTpaT HYXXHO, BO-IIEPBBIX,
npoBefieHre (prIOTanMOHHOTO oboraie-
HUSA PYABI WIN IPOAYKTOB €€ TUApOMeTas-
JIyprudeckoir mepepaboTky (Hampumep,
OCTaTOK aTMOC(EPHOTO CEpPHOKICITIOTHOTO
BBILIETTAYMBAHNS PYABI) IS TIOMy4eHUA
KAaueCTBEHHBIX II0 cepe KOHIIEHTPATOB
U yMeHbIIeHNsI 06BbEéMa IIPOIyCKaeMOTro



Ta6bnuua 3 — OnTuManbHble napamMeTpbl AB u AOB

Mpouecc MNapameTp 3HayeHune
° v KoHLeHTpaumsa cepHOM KUCMOTbI 50 r/n
%_ § TeMnepaTypa 95 °C
_g 3 [MnotHocTb nynbnbl (K:T) 1,5-30r/r
§ % KpynHocTb pyapbl 100% -600 MkM
5: %' [o6aBka okucnmutensa HNO310 =15 r/n
@ [MpoponXmnTenbHOCTb 6y
o g KoHueHTpauns cepHOM KMCNOTbI 1 YCSTIOBUSA €€ nogadu 35r/n
v O
% I é TeMnepaTypa 140 - 170 °C
cés é 3 MnotHocTb nynbnbl (XK:T) 2,5r/r
5 % % KpynHocTb pyabl 100% -600 MkM
2
j(" % % LaBneHuve kncnopoga 7 6ap
@ MpPOOONKUTENbHOCTD 4y

yepe3 aBTOK/IAB(bI) CHIPbs, BO-BTOPBIX,
yMeHBIIICH)e BpeMeHV IpeObIBaHUA Ma-
Tepyasa B aBTOK/IaBe, HAIIpUMep, 3a CYET
HOBBILIEHNS IIapaMeTpoB IIporecca (TeM-
neparypa o 220-230 °C, naBieHue KUcno-
pozna o 6-7 6ap).

droranyoHHOE 0bOTraleHe TO3BOINT
Ha ITOPANOK YMEHBIINTD KOINYECTBO Iepe-
pabarbiBaemoro Ha AOB cbIpbs U peannso-
BaTb IIPOIECC B aBTOTEPMIIECKOM PEXIN-
Me (6e3 3arpar Ha map A/ NOATep>KaHuUsA
TEMIIEpPaTyphl B aBTOK/IaBe) 3a CYET IOBBI-
IIEHUA COREpXKaHMsA CYIb(PUIHON Cephbl B
KOHIIEHTpaTe.

dnortauuoHHoe o6oraweHue pyabl
M ocTtaTka
aTtMmocdepHoro
BbilleSlIa4YuBaAHUSA
Bo Bcex TecTax mpoBOAVIIN TPU CTASUN
(1)HOTaI_U/H/IZ OCHOBHAaA I IBE KOHTPO}IbeIX.

B kauecTBe perynATropa KUCTOTHOCTY
(pH 10,5£0,5), B OCHOBHOM, JVCIIO/Ib30-
Ba/lM OKCUJ KaJbIus, KOTOPBIN J[00OaB-
IV B IIY/IBITY B BUJE VI3BECTKOBOTO MO-
7o0Ka. Pacxonm msBectu 6b1 HEOOIBIINM
(3,0+£0,7 Kr), HO3TOMY CUMTAIN, YTO IIPU
TaKOM €€ KO/IMYEeCTBE OHA He OKa3bIBaJIa 3a-

METHOTO JEeNPECCUPYIOIIEr0 BO3JENCTBAA
Ha NMPUT. B HECKONBKMX TECTaX MCIO/b-
30Ba/M CORY, IIpM 3TOM (IOTaLMI0 Belu
npu pH mynbpner 7-9, a TakKe TUIPOKCHL,
Harpus (pH mynbmer 7-8).

Ha cragym ¢moranym ycnonb3oBanm
CIIeyIOL€ PeareHThl:

o cobuparenb - OYTMIKCAHTOTEHAT
kamus (BKK 100-400 r/t) wnu gu-
OyTunoBbli gutrodocdar HaTpusa
(DSP002 130-350 r/T);

o Bcnenmsarenb — T-80 (50-200 r/T)
11001 MeTHIN300y TUIKapOMHOI
(MUBK 90-125 r/T).

Jlna ynydimeHus mokasareneil ¢ora-
IIVIOHHOTO 00OTalleHysI Pybl B HEKOTOPBIX
TeCTax OIpoOOBaIV CeAYIONYe TeXHOJIO-
rM4ecKye IMpUEMBDI:

o Jlo6aBka CuSO, (50-200 r/t) — ak-
TUBATOp CyIbUAOB N[O HOOABKM
cobuparens (BKK).

o JlobaBka >KUIKOTO CTeK/Ia
(100-200 r/T) — mempeccop cuImKa-
TOB J0 fo6aBku cobuparens (BKK).

o Vcmonb3oBaHye COCHOBOIO Macia
(300 r/T) B KaueCcTBe BCIIEHMBATEIA.
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AKTVBaTOp CYNbOUAOB WIN JEIpeccop
CI/INKATOB 100ABIAIN B ITY/IbITY TIOC/IE Hell-
Tpa/M3aLyy Iepef Iofadert cooypaTeri.

[Ipn  dnotaumonHom oboraieHNn
pyZbl 00pa3oBbIBa/lach IeHA JOCTAaTOYHO
HM3KOTO KayecTBa. B IIeHHBIN IPOLYKT BBI-
Ie/IIOCh 3aMeTHOe KOIMYECTBO IIOPOJO-
00pasyomyxX KOMIIOHEHTOB, BBIXOJ, KOH-
neHTpara gocturan 6-10 %. CopepxaHue
30710Ta B 00'beJIHEHHOM KOHLIEHTpaTe Co-
craBysio 8-12 r/T, ceprl 9-13 %, cepebpa
45-48 r/T m ypana 52-57 r/T.

Vi3BiedeHne cepbl B KOHIIEHTPAT JO-
cTurano 65-67 %, npyu 3TOM M3BJIEYEHNE
30710Ta He npeBbImano 52-54 % (35-36 %
ymopsoro 1 18 % cBo6ogHOTO).

HeBbicOKOe U3B/IeYeHNE 30710Ta BO
($IOTaLMOHHBIN KOHIIEHTPAT MOXXeT OBITh
00BSCHEHO CIeRYIOIVMI PaKTOPaMI:

« HenonmHoe nsBneuenne cynbhuos,
C KOTOPBIMM acCCOLIMMPOBAHO yIIOP-
Hoe 30710TO. [IprunHa: HaxoXxIeHue
9acTy CyIb(UIHBIX MMHEpPAToB B
CPOCTKaX C CHIMKaTHBIMM U Kap6o-
HaTHBIMJ MUHEpaTaMMI.

o IlpucyrctBme B pynme cBOOOAHO-
ro 3onmora (nopsigka 42 %), 4acTb
KOTOPOTO MOXXET HaxXOAUTbCA B
CPOCTKax ¢ MOPOA00OpasyoIMu
KOMIIOHEHTaMI.

[Ipnu  dnotaumonHom oboraieHNn
PYABI He IPOMCXOAMIO KOMMYeCTBEHHOI'O
Iepexofia ypaHa B KOHLEHTpar. JTO CBs-
3aHO C TeM, YTO ypaH HaXOWUTCA B PyZe B
dbopMe OKCUIHBIX MUHEPAJIOB, KOTOPbIE, B
OCHOBHOM, TOHKO BKpaIlJIEHBI B IIOPOJO-
obpasyonye KOMIIOHEHTBL. B KOHIjeHTpar
M3BJIEKa/Iach 4acThb ypaHa (go 17 %), koTo-
past ObIa acCOLMMPOBaHa C CYTb()UIHBIMU
MVHEpaMy U 4acTbl0 IIyCTOJ IOPOJBL, Ie-
penielieil B IEHHbINA IIPOAYKT.
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Jlonsa nyMaHMpyeMoro 30/10Ta B XBOCTAax
¢dmoranym cocrassa 30 %. CkBO3HOE M3-
BJIeYeHNe 30710Ta (B KOHI[EHTpaT (IoTanyum
U U3 XBOCTOB ioTauym) rnpu (roTaryoH-
HOM 00oralieHny pyabl Jocturano 73-75 %.

[Tpu yBenueHny BbIXOJa KOHIIEHTpaTa
HIOBBIIIA/IOCH M3BJIeYeHJe YIIOPHOTO 30710~
Ta B IIEHHBIII IIPOAYKT U CKBO3HOE M3BJIe-
YeHJe JparMeTajla, OFHAKO YXYAIIATOCh
ero KauecTBO (HM3KOe COofiepyKaHIe Cephl 1
30JI0Ta).

YunuTbiBasi CBOJICTBA 30/I0Ta, YpaHa
U CynbQUIHBIX MMHEPAJOB B pyHe Iep-
CIIEKTMBHBIM BapUMAHTOM TEXHOJIOTUM eé
nepepaboTKM MOXKeT OBITh arMocdepHoe
BhIlenaunBanme (AB) pyzbl pis nepesopa
ypana (80 % u 6oree) B pacTBOp ¢ IOCIIe-
AyoIuM  (HIOTAlMOHHBIM OOOralleHneM
OCTaTKa BbIleTaYBaHA.

B ormmmune ot pynsl B TecTax mo ¢io-
TallIOHHOMY oborameHuio ocratka AB
HO/Ty4Yasach IIeHa JJOCTATOYHO BBICOKOTO
KauecTBa (rycras, IVIOTHas). YIydlleHVe
mokasarejieil  oboramenuss ocrarka ADB,
II0 CPAaBHEHMIO C MICXOJHOV PYHOI, IIpOM-
30II/IO B pe3y/bTaTe PacTBOpeHMs KapOo-
HAaTHBbIX MI/IHepaHOB Hp]/[ B3aI/[MOI[eI7[CTBI/I]/I
C CepHOIl KUCIIOTOM U BCKPBITHsA, (BO3-
MOJXHO, aKTMBaHMM) HOBerHOCTI/I CYHI)-
(I)I/IHHI)IX MI/IHepaHOB. CTeHeHI) BbIOC/TICHUA
Cy/nbUIHOI cepbl B KOHI[EHTPAT MTOBBICK-
J10Ch 110 73-90 %, 94TO IOIOKUTEIHHO CKa-
3aJI0Ch Ha M3BJIEYEHUN YIIOPHOTO 30710Ta B
KOHIIEHTPAT.

Hna 1onmydeHus TaKMX IIOKasaTeslei
HeoOXOIMMO IPOBOAUTH TIIATEIbHYIO OT-
MBIBKY OCTaTKa AB 0T ocTaTo4HOI cepHOIi
KICnoThl. pH mynbmbl mocne pemynbiia-
uum ocratka AB B Bofle JO/DKEH COCTaB-
natb 3,5-4,0 en. IIpu Henrpanusanm He-
[IOCTaTOYHO IpoMbITOoro ocratka AB (pH
Iy/nbIbl 2,5+0,5 efI.) yBemnImBacsa pacxop



Ta6bnuua 4 — Knto4vesble nokasaresiv ¢pJOTaLMOHHONO oboraweHus pyabl

M ocTaTtka eé atMocdepHOro BbileniaymBaHus

MNoka3zaTenb

Pexunm oboraweHus
(perynatop cpenbl — U3-
BeCTb, cobupatenb — bKK,
BcneHuBaTenb — T-80)

Pexum oboraweHuns (pe-
rynsatop cpenbl — rMAapoK-
CUA HaTpus, cobupatens
— DSP0O02, BcneHuBaTenb

— MNBK)
Pyna OcTaTok aTMOoChepHOro Bhilenaympa-
HUA
Bbixop koHueHTpaTa (%) 6,3-9,7 4,2-4,3 3,0 14,6-17,7
M3BneyeHmne Au B KOHLeHTpAT (%) 52-54 66-79 52 57-63
Vi3BneyeHue Ag B KoHueHTpaT (%) 39-57 55-58 45 70-72
M3BneyeHune U B koHUeHTpAT (%) 10-17 7* 6* 21-22
MN3BneyeHne S B koHueHTpaT (%) 65-67 74-75 73 85-90
CopepxaHue Au B KoHLeHTpaTe (r/T) 78-11,8 22,5-274 25,4 9-10**
CopepxaHue S B 06beMHEHHOM 8,6-13,0 20,9-21,5 29,4 1-13**
KoHueHTpare (%)
OcTaTto4uHoe copepxaHue Au B XBO- 0,6-0,8 0,6 0,8 0,7-0,8
ctax dnotauum (r/T)
[ons unaHupyeMoro 3onoTa B XBO- 30 52 64 77-81
ctax ¢notaumm (%)
OcTaTo4yHOE copepxaHue 30/10Ta B 0,4 0,3 0,3 0,2
Kekax LiaHUpoBaHUs XBOCTOB $po-
Tauum (r/T)
CkBO3HOe nspnevyeHune Au (%) 73-75 82-83 82 92

MpuMevanme:

* — OCcHOBHasi YacTb ypaHa (82 %) BblgeneHa B Xuakyto ¢asy nynbrbl Ipyn aTMocdepHOM BbilenadnBaHmny;

** — KOHLLeHTpAaT OCHOBHOMN dnoTaLunm.

M3BECTH, 49TO IIPUBOAMIIO K HAPYLICHUIO
mponecca O6OI‘3HI€HI/IH.

IIpn  dnoraumonHom oboraujeHnn
ocratka AB (B 3aBMCUMMOCTM OT BBbIXOfd
KOHLIEHTPAaTa) IO/Iy4Ya/Nuch KOHIIEHTPATHI
c copiep>kaHueM 3o7moTa 9-27 r/1, 11-29 %
cepol 1 51-114 r/T Ag. OIOTOKOHIIEHTPATBI
TAKOTO COCTaBa INPUTO[HBI /I HajibHel-
eyl aBTOKIaBHON Iepepaborkn. Copep-
YKaHMe cepbl 00eCreunT MpoBefieHNe po-
necca AOB B aBTOTEpMMYECKOM peXUME.
Ornomenne Au/S B maTepuase MO3BOJIAET
PacCYMTBHIBATh HA PeHTAOENTbHOCTD ero Ie-
pepaboTKu.

Jona 1yaHupyeMoro 30710Ta B XBOCTaX
dbnotatym cocrapsima 52-81 %. CkBO3HOe

U3BJIeYEHIIE 307I0Ta TP (JIOTAIIVIOHHOM 000-
rameHuu ocratka AB gocturasmo 82-92 %.

[ToBbllIeHME U3B/I€YEHN A YIIOPHOTO 30-
JI0Ta B KOHIIEHTPAT U, KaK C/IEICTBYE 3TO-
r0, CKBO3HOTO M3BJIEYEHM JIparMeTasia
13 ocTatka AB BO3MOXXHO 3a CYET yBenu-
YeHMA BbIXOja KoHLeHTpara. [Ipu Brixozme
KOHIIeHTpaTa 18 % B HEro MsBIE€KaIOCh [0
90 % ceppl 1 0K0/10 48 % yIOPHOIO 30710-
Ta, CKBO3HOE U3BJIeYeHMEe JOoCTUrano 92 %.
Takoit BapuaHT 1eecoobpaseH mpu mepe-
paboTKe HM3KOKAYeCTBEHHBIX KOHIIEHTpa-
TOB Ha COOCTBEHHOJ IIPOM3BOACTBEHHOI
IUVIOLIA/IKe, OPraHM30BAHHON Ha MECTO-
poxpenun. IIpum mpopaxe KoHIlEHTpara
pacxofpl Ha ero TPaHCHOPTUPOBKY OYAyT
3HAUUTENTbHBIMM, a IepepaboTKa MOXeT
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OKa3aTbCsl HepeHTabenpHOI. B Tabnuue 4
IpVBeIeHBI K/TI04YeBble TI0KasaTenu (GroTa-
IIVIOHHOTO 00O0TalleHNs PyAbl X OCTaTKa eé
aTMOC(epHOTO BBIIIe/TAYMBAHNA.

IIpy mpoBemeHMM pmajbHEMIIUX MWC-
ClefoBaHuUl 1Mo (QOTanMOHHOMY obora-
IIEHNIO MaTepuagoB ocoboe BHUMaHUE
JIO/DKHO OBITH yZIe/IeHO YTOYHEHUIO OITH-
MaJIbHOJ KPYIHOCTM ¥ PEareHTHOTO pe-
XKnma (pacxoppl M KoMOuHauuy ¢roTo-
peareHToB), MO3BOISIONMM MaKCUMAaIbHO
IIOJTHO M3BJIEKaTh BO (PIOTOKOHIIEHTpAT
cynbuHbIe MIHEPAJIBL U aCCOLUMPOBAH-
HBbIe C HUMY YaCTUIIBI YIIOPHOTO 307I0TA.

BbiBoAabl
B paMkax IpOBOAMMBIX MCCIIEOBAHMII
OBbI/IN OTIpefieTIeHbI:

o Onrumanpusle ycnosusa AB u AOB:

o 1pu cepHOKMcnoTHOM AB ¢ mo6aB-
neaem HNQOj; cTernieHb n3BIe4eHNA
Au 1 U cocraBuima 75 — 80 u 80 —

82 % COOTBETCTBEHHO, M3BJIeUEHIIE
Ag mocturano 44 %;

B cnydae AOB c mpenBapurenn-
HOJI CEpPHOKVCIOTHOI 00paboTKOI
pyzbl usBnedeHne Au coctaBuio 90
%, a U 78 — 80%, nspnedenue Ag He
npesbIimano 5 %.

@norauya pynbl HE IO3BOINIIA JIO-
6I/ITbC}I YI[OB}ICTBOPI/ITe)IbeIX pe—
3Y)'IbTaTOB II0 M3BJICYECHUIO LIEHHBIX
KOMIIOHEHTOB;

[Tpn dnoranuu ocratka AB B pe-
xume CaO + BKK + T-80, no cpas-
Henmio ¢ NaOH + DSP002 + MVBK
YAQIOCh IONTYy4YUTb Oormee GOraThIil
no Au n S ¢IOTOKOHIIEHTpaT, 3a
CYET CHIDKEHUA BBIXOfIa KOHI[eH-
Tpata ¢ 14,7 - 17,7 po 3,4 — 4,2 %,
HO IIPJ 9TOM, YMEHBIIAETCS CKBO3-
HOe M3BjedeHue 30/10Ta ¢ 92 no 82
- 83 %.

Cnucok nutepartypbl

1 JNopenwmkos B.B. KomMnnekcHoe ncnonbsosaHue 3on10TtoypaHoBbix pya / B.B. llogenwmkos / 3onotogo6bbiya.

—2010.N2135. C. 6-10

2 JlabopaTopHble UCCeA0BaHUS MO N3YYEHUIO TEXHOTOMMYECKNX CBOWCTB U ONpeaeneHUo BO3MOXHOM CXeMbl
nepepaboTKn 30/10TOYPAaHOBbIX NEPBUYHBIX pya MecTopoxaeHus JlyHHoe. OkoH4YaTenbHbIn oTuéT / OFAQY
BO «Yp®Y nmenu nepsoro MNpe3supeHTta Poccun B.H. EnbuyHax». — Ekatepun6bypr, 2011. — 460 c.
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Introduction

There are significant reserves of gold-
uranium ores in Russia and the world,
which are of particular interest due to
the possibility of simultaneous mining of
gold, as the main valuable component, and
uranium, as an accompanying one. Due
to the differences in the forms of gold and
uranium in the ore, as well as their chemical
and physical properties, there is a need
to develop an integrated technology for
processing ores. So, for example, uranium
is most often in the oxide form and is quite
easily opened in sulfuric acid and carbonate
solutions. Gold is present both in a free
form, which can be leached with cyanide
solutions, and in a refractory form, which
requires additional operations to obtain
satisfactory opening results.

In this work, we investigated the
possibility of atmospheric and autoclave
oxidative leaching of a gold-uranium ore
sample, as well as the flotation enrichment
of the original ore and the residue of
atmospheric sulfuric acid leaching.

Main methods for processing gold-
uranium ores

The specifics of technological
schemes for the processing of gold-
uranium ores are primarily determined
by the composition and properties of raw
materials. Gold and uranium in ores, as a
rule, do not form joint mineral associations.
In ores, most of the gold is refractory, i.e.
closely associated with sulfide minerals,
usually pyrite and arsenopyrite. Uranium in

ores is mainly in the form of oxide minerals.
Due to the fine dissemination of uranium
minerals in ore components, the latter are
difficult to mechanically enrich, and in
most cases the extraction of uranium from
ores is carried out chemically (leaching with
reagent solutions).

Technologicalschemesfortheprocessing
of gold-uranium ores are rather complex
multi-stage processes. Technologies for
processing gold-uranium ores are based on
4 main technological processes [1]:

o Leaching of uranium (acidic
(sulfuric acid) or carbonate (soda)).

« Flotation enrichment.
« Oxidative roasting.
o Cyanidation.

These technological methods can be
applied in various sequences and in various
combinations, complementing each other,
which makes it possible to organize the
production of gold and uranium from
complex ores within the framework of one
enterprise.

Source materials
For research, a technological sample of
ore was used, the chemical composition
and physical properties of which are given
in the tables.1 and 2. On the figure 1 forms
of confinement of gold in ore are presented.

The studied ore sample was characterized
by a relatively low gold content (1.4 g/t) and
an extremelylow uranium content (32.9 g/t),
the silver content was 7.8 g/t. The content
of total sulfur was at the level of 1.3 %, the
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Table 1 — Chemical composition of the original ore

Element Concentration (%) Element Concentration (%)
Au (g/t) 1.4 C 0.2
Ag (g/t) 7.8 Corg <01
U (g/t) 32.9 Zn <0.01
As 0.04 Mg 0.1
F 2.3 Mn 0.02
S 13 Na 0.8
S(SO0a4) 0.1 Sb <0.01
So <0.5 Co < 0.01
Si 29.9 Cr 0.03
Al 7.3 Cu < 0.01
K 7.8 Hg 0.3
Ca 0.5 Ni 0.02

Table 2 — Physical properties and particle size distribution of crushed ore

D W P(45) P(71) P(125) P(250) P(355) P(600)
(9/cm?) (%) (%) (%) (%) (%) (%) (%)
26 0.2 68 76 84 91 94 100

Note: D - density (g / cm3); W - humidity (%); P(N) — particle class content-N pm (%)

vast majority of which was represented by
the sulfide form. The main components
in the ore are silicate and aluminosilicate
minerals.

The content of carbonate carbon in the
ore is low (0.2%), which makes it possible
to count on the effective implementation of
acid leaching technology with a moderate
consumption of sulfuric acid.

Relatively low content of valuable
components (gold, silver and uranium) and
the resistance of the ore to their extraction
can present technological difficulties.

Direct leaching

According to the chemical analysis of
the studied ore (table 1), the content of
Ca and Mg, the main «consumers» of acid
during sulfuric acid leaching, was low (0.5%
and 0.1%). The low content of carbonates
in the ore made it possible to count on its
effective leaching by the traditional method
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Figure 1 — Forms of confinement of gold in ore

- sulfuric acid with a moderate reagent
consumption.

The main uranium mineral in the ore
is brannerite [2]. For a possible increase in
the degree of transition of uranium into the
liquid phase of the pulp during atmospheric
leaching, an additive of an oxidizing agent
was used, which was used as nitric acid and
gaseous oxygen. In high pressure leaching,



only gaseous oxygen was fed into the
autoclave.

Theaddition ofan oxidant to theleaching
was supposed to have a positive effect not
only on uranium, but also on the extraction
of gold from the residue during subsequent
cyanidation due to the oxidation of sulfide
minerals.

As an alternative to the sulfuric acid
process, several carbonate leaching
experiments havebeen carried out. Leaching
was carried out with solutions of sodium
carbonate and bicarbonate, including with
the addition of an oxidizing agent - gaseous
oxygen.

Thus, at the stage of ore leaching, at the
same time, they tried to achieve high rates in
terms of the degree of transition of uranium
into solution and the opening of refractory
gold particles, which can be extracted from
the leaching residues during subsequent
cyanidation.

Intheongoingexperiments, theinfluence
of temperature, pulp density, sulfuric acid
concentration, ore size, oxidizer addition,
duration, oxygen pressure, leaching reagent
was studied.

During sulfuric acid atmospheric
leaching (AL) and high-pressure acidic
leaching (HPAL), the extraction of uranium
into solution was at approximately the same
level of 78-82% with its residual content in
the leaching cakes of 7 g/t. At AL, the main
part of uranium was dissolved during the
firsthour of ore treatmentwith asulfuricacid
solution without the addition of an oxidizing
agent, which indicated the minimum share
of refractory mineralization of uranium
in the ore sample under study. From the
point of view of extracting uranium into
solution, the addition of an oxidizing agent
to the pulp during leaching is impractical,
the oxidizing agent is necessary for the

oxidation of sulfides and the opening of
refractory gold.

In the case of HPAL of ore without
the addition of acid, its own sulfuric acid
formed during the oxidation of sulfide sulfur
(1.3%) was not enough for deep leaching of
uranium, the degree of its transition into
solution did not exceed 62%. The addition
of sulfuric acid (35 g/l) contributed to an
increase in its extraction into solution up to
78%.

The addition of nitric acid (30-45 kg/t)
at AL made it possible to oxidize up to 80%
of sulfide sulfur, which had a positive effect
on gold recovery. For 6 hours of leaching
at 95 °C, about 40% of refractory gold was
opened and removed during subsequent
cyanidation of the leaching residue.

The use of gaseous oxygen for the
oxidation of sulfides under atmospheric
conditions is ineffective due to the low rate
of oxidation, mainly of pyrite. At AL, it was
possible to oxidize up to 40% of sulfide
sulfur in 6 hours of leaching and, thereby,
increase the share of cyanidable gold in the
leaching residue to 50-53%.

HPAL of ores at 140°C with a constant
supply of gaseous oxygen made it possible
to stably oxidize up to 85-90% of sulfide
sulfur in 4 hours and open up most of the
refractory gold, which became available to
the cyanide solution during cyanidation.
Gold recovery consistently reached 85-90%
with its residual content in cyanidation
cakes at the level of 0.15-0.20 g/t.

As an alternative to sulfuric acid
leaching, studies have been carried out
on carbonate (soda) leaching of ore. The
degree of transition of uranium into the
liquid phase of the pulp during AL and
HPAL of ore with solutions of Na,CO;
(40 g/1) and NaHCOs; (10 g/1) was 20-30%
lower (the residual content of uranium is
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2 times higher), compared with treatment
with solutions sulfuric acid.

With the implementation of carbonate
AL and HPAL, the recovery of gold reached
76-80% when gaseous oxygen was used as
an oxidizer. In an alkaline environment, the
oxidation of sulfides proceeded dynamically,
however, the depth of oxidation of sulfide
sulfur (up to 80%) was significantly inferior
to the traditional sulfuric acid process. Table
3 the optimal parameters AL and HPAL are
shown, in the figure 2 extraction of valuable
components.

Implementation of the HPAL technology
is difficult due to the low sulfur content
(1.3%). During autoclave processing of low-
sulfur (up to 5% sulfide sulfur) materials,
it becomes necessary to constantly supply
heating steam to the autoclave to heat the
pulp to the operating temperature (increase
in operating costs), as well as to use a
significant volume autoclave (increase in
capital costs). In order to reduce capital
and operating costs, it is necessary, firstly,
to conduct flotation enrichment of ore
or products of its hydrometallurgical
processing (for example, the residue of
atmospheric sulfuric acid leaching of ore) in
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Figure 2 — Extraction of valuable
components from ore during AL
and HPAL

Carbonate
(02)

HPAL

order to obtain concentrates of high quality
in terms of sulfur and reduce the volume of
raw materials passed through the autoclave
(s), secondly, reducing the residence time of
the material in the autoclave, for example.

Flotation enrichment will allow
reducing the amount of raw materials
processed at HPAL by an order of
magnitude and implementing the process
in an autothermal mode (without the cost
of steam to maintain the temperature in
the autoclave) by increasing the content of
sulfide sulfur in the concentrate.

FLOTATION ENRICHMENT OF ORE
AND RESIDUE OF ATMOSPHERIC
LEACHING

In all tests, three stages of flotation were
carried out: the main and two control ones.

As an acidity regulator (pH 10.5 + 0.5),
calcium oxide was mainly used, which was
added to the pulp in the form of milk of
lime. The consumption of lime was small
(3.0 + 0.7 kg), therefore, it was believed that
with such an amount of it, it did not have
a noticeable depressant effect on pyrite. In
several tests, soda was used, while flotation
was carried out at a pulp pH of 7-9, as well
as sodium hydroxide (pulp pH of 7-8).



Table 3 — Optimal parameters AL and HPAL

Process Parameter Value

Sulfuric acid concentration 50 g/l

-% o Temperature 95 °C

‘é%‘—j Pulp Density 1.5 - 3.0 g/g

g g Ore size 100% -600 microns

g Additive oxidant HNO= 10 — 15 g/l

Duration 6 h

%, Sulfuric acid concentration and sup- 359/l

g ply conditions

00 Temperature 140 - 170 °C

g {é Pulp Density 2.59/9

zl-l 9 Ore size 100% -600 microns

o) Oxygen pressure 7 bar

= Duration 4h

The following reagents were used at the

flotation stage:

« collector - potassium butyl xanthate
(PBX 100-400 g/t) or sodium dibutyl
dithiophosphate (DSP002 130-350
g/t);

« foaming agent - T-80 (50-200 g/t) or
methylisobutylcarbinol (MIBK 90-

125 g/t).
To improve the performance of ore
flotation  enrichment, the following

technological methods were tested in some
tests:

« Addition of CuSO, (50-200 g/t) -
sulfide activator before addition of a
collector (PBX).

o Additive of water glass (100-200
g/t) — depressant of silicates before
addition of a collector (PBX).

« Use of pine oil (300 g/t) as blowing
agent.

The sulfide activator or silicate
depressant was added to the pulp after
neutralization before the collector was fed.

During the flotation enrichment of the
ore, foam of rather low quality was formed.

A significant number of rock-forming
components was released into the foam
product, the concentrate yield reached
6-10%. The gold content in the combined
concentrate was 8-12 g/t, sulfur 9-13%,
silver 45-48 g/t, and uranium 52-57 g/t.

The recovery of sulfur into concentrate
reached 65-67%, while the recovery of gold
did not exceed 52-54% (35-36% refractory
and 18% free).

The low recovery of gold in flotation
concentrate can be explained by the
following factors:

« incomplete recovery of sulfides with
which refractory gold is associated.
Reason: finding part of sulfide
minerals in intergrowths with
silicate and carbonate minerals.

o Presence of free gold in the ore
(about 42%), part of which may be
in intergrowths with rock-forming
components.

During the flotation enrichment of the
ore, there was no quantitative transition
of uranium into the concentrate. This is
because uranium is found in the ore in
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the form of oxide minerals, which are
mainly finely interspersed in rock-forming
components. Part of the uranium (up to
17%) was extracted into the concentrate,
which was associated with sulfide miners
and part of the waste rock that passed into
the foam product.

The share of cyanidated gold in flotation
tailings was 30%. The through recovery of
gold (into the flotation concentrate and
from flotation tailings) during ore flotation
concentration reached 73-75%.

With an increase in the yield of the
concentrate, the extraction of refractory
gold into the foam product and the through
extraction of the precious metal increased,
but its quality worsened (low sulfur and
gold content).

Considering the properties of gold,
uranium and sulfide minerals in the ore, a
promising option for the technology of its
processing can be atmospheric leaching
(AL) of the ore to transfer uranium (80% or
more) into solution, followed by flotation
enrichment of the leaching residue.

In contrast to the ore, in tests for the
flotation enrichment of the AL residue, foam
of a sufficiently high quality (thick, dense)
was obtained. The improvement in the
enrichment of the residual AL, compared
with the original ore, occurred as a result
of the dissolution of carbonate minerals
during interaction with sulfuric acid and
the opening (possibly activation) of the
surface of sulfide minerals. The degree of
release of sulfide sulfur into the concentrate
increased to 73-90%, which had a positive
effect on the extraction of refractory gold
into the concentrate.

To obtain such indicators, it is necessary
to thoroughly wash the residue of AL from
residual sulfuric acid. The pH of the pulp
after repulpation of the AL residue in water
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should be 3.5-4.0 units. When neutralizing
the insufficiently washed residue of AL
(pulp pH 2.5 + 0.5 units), the consumption
of lime increased, which led to a violation of
the enrichment process.

During the flotation enrichment of the
AL residue (depending on the concentrate
yield), concentrates were obtained with a
gold content of 9-27 g/t, 11-29% sulfur,
and 51-114 g/t Ag. Flotation concentrates
of this composition are suitable for further
autoclave processing. The sulfur content
will ensure that the HPAL process is carried
out in an autothermal mode. The Au/S ratio
in the material makes it possible to count
on the profitability of its processing.

The share of cyanidated gold in flotation
tailings was 52-81%. The end-to-end
extraction of gold during the flotation
enrichment of the AL residue reached
82-92%.

Anincrease in the extraction of refractory
gold into the concentrate and, as a result, the
through extraction of the precious metal from
the AL residue is possible by increasing the
yield of the concentrate. With a concentrate
yield of 18%, up to 90% of sulfur and about
48% of refractory gold were extracted into
it, the through extraction reached 92%. This
option is expedient when processing low-
quality concentrates at our own production
site, organized at the field. If the concentrate
is sold, the cost of its transportation will
be significant, and processing may not be
profitable. Table 4 the key indicators of the
flotation enrichment of the ore and the
residue of its atmospheric leaching are given.

When carrying out further studies on the
flotation enrichment of materials, special
attention should be paid to clarifying the
optimal size and reagent regime (flow rates
and combinations of flotation reagents),
which make it possible to fully extract
sulfide minerals and associated refractory



Table 4 — Key indicators of flotation concentration of ore and the rest of its

atmospheric leaching

Index enrichment mode Enrichment mode (pH

(pH regulator - lime, regulator - sodium

collector - BKK, blowing hydroxide, collector -

agent - T-80) DSP0O02, blowing agent
- MIBK)
Ore Atmospheric leaching residue
Concentrate Yield (%) 6.3-9.7 4.2-4.3 3.0 14.6-17.7

Extraction of Au to concentrate (%) 52-54 66-79 52 57-63
Extraction of Ag to concentrate (%) 39-57 55-58 45 70-72
Recovery of U to concentrate (%) 10-17 7* 6* 21-22
Recovery of S to concentrate (%) 65-67 74-75 73 85-90
Au content in concentrate (g/t) 7.8-11.8 22.5-274 25.4 9-10**

S content in combined concentrate (%) 8.6-13.0 20.9-215 29.4 1—13**
Residual content of Au in flotation 0.6-0.8 0.6 0.8 0.7-0.8

tailings (g/t)
Share of cyanidated gold in flotation thirty 52 64 77-81
tailings (%)
Residual gold content in flotation 0.4 0.3 0.3 0.2
tailing cyanidation cakes (g/t)
End-to-end Au recovery (%) 73-75 82-83 82 92
Note:

* - the main part of uranium (82%) is separated into the liquid phase of the pulp during atmospheric leaching;

** - concentrate of the main flotation.

gold particles into the flotation concentrate.

Summary
As part of the research, the following
were identified:

Optimal conditions AL and HPAL:

o with sulfuric acid AL with the
addition of HNOs;, the degree of
extraction of Au and U was 75-
80 and 80-82%, respectively, the
extraction of Ag reached 44%;

U 78 - 80%, the extraction of Ag did
not exceed 5%.

Ore flotation did not allow to
achieve satisfactory results in the
extraction of valuable components;

When flotation of the AL residue in
the CaO + PBX + T-80 mode, compared to
NaOH + DSP002 + MIBK, it was possible to
obtain a flotation concentrate richer in Au
and S, due to a decrease in the concentrate
yield from 14.7 - 17.7 to 3.4 - 4.2%, but at

o inthecaseof HPAL with preliminary = the same time, the through extraction of
sulfuric acid treatment of the ore, go]d decreases from 92 to 82 - 83%.

the extraction of Au was 90%, and
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