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PE3IOME

MpOMYKUMOHHI PA3TBOPH, ChIbPXKALLM PA3TBOPEHO 3MaTo W CPeBpo, MOMyHYeHN NpW M3NYTBaHe Ha OKMCHA pyda Ypes aMUHOKUCENMHW OT MUKPOBEH npousxod 1
THOCYNhaTHY ioHN Bsixa NpepaGoTBaHN C LMHKOB npax 3a LuMeHTauns Ha 6raropogHute Metanu. TpeTupaHeTo Ha pasTBOpUTE € OCBLUECTBEHO B LUMEHTATOP C

MEXaHN4YHO pa3GbpKBaHE NPy NEPUOLMYEH PEXIM.

YcraHoBeHM Osixa ONMTMManHMTe YCMOBMS MO OTHOLIEHWE MITTHOCT HA CyCMEH3WsiTa, 3bPHOMETPUYEH CbCTaB Ha LMHKOBMSI mpax, pH, pegokc noTeHuuman,
TEMnepaTypa U KOHTaKkTHO Bpeme. [1oCcTUrHaToTO ChabpkaHWe Ha pasTeopeH kucropog nog 1,0 mg/l npu npegsapuTenHata feaepauust Ha NPOLYKLMOHHMS
pasTBop, crocobeTBalle 3a eykacHO NPOTMYaHe Ha NpoLeca Ha LMMEHTaLMs Mpu HUCHK pasxof Ha LuHK. Mpu onTumanHu ycnosus noseye oT 98% ot 3naToto
felLe NpeuunuTUpaHo OT NPOAYKLMOHHW pa3TBopU, Cbabpxkallu ot 0,5 — 5,0 mg/l Au.

BBbBEAEHME

LiumeHTaumsaTa Ha GnaropopH1 MeTann OT NPOAYKLMOHHM
Pa3TBOPU BbPXY LMHKOB NMpaXx € LUMPOKO M3MoN3BaH METOA 3a
W3BNMYAHE Ha 3naTo M cpebpo B XMAPOMETaNyprusTa, 3aLoTo
€ JIeCHO MpWMOXWM, BUCOKO edekTBEH M YyaobeH 3a
yrpaBneHve npouec. MpouechT e U3BECTEH OLLE OT HA4anoTo
Ha XX Bek kato “Merril-Crowe npouec” (Nicol J. et al., 1979) n
CEe € HaNOXWN KaTo efuH OT Hall Pa3npOCTPaAHEHUTE KOHTaKT—
pesnyKUMOHHM NpoLecH .

MexaHn3MbT Ha NpeuunuTauMs Ha MeTanu  BbpXy
LiMHKOBaTa MOBBPXHOCT ce obycnaBs rMaBHO OT hakta , ye
GnaropogHuTe MeTanu kato 3natoto M cpebpoto ce
pemyumpat go csoute ectectseHn dopmn (Au® n AgP), kato
npu ToBa Zn M W3MECTBA OT CBLOTBETHWUTE KOMMIEKCU B
npoaykumoHHWa pasteop. (Potter M., 1980)

2Au(CN)” +Zn” = 2Au” + Zn(CN)%,
2AU(CS(NH,).)"? + Zn® - 2Au® + 4CS(NH), + Zn?*

AuyS;0; + zn’- ZnS;05 + 2A0°

TexHormoruuTe 3a TpeTMpaHe Ha MUHEpasiHW CypOBMHMU,
CbAbpXaly MHO-ONUCNIEPTMPaHO 3MaTo B MUHEpann KaTo
MUPUT, XasnkomMpuT, apCeHOMMPUT M [p. Ca CbBKYMHOCT OT
XMMUYHH, GUONIOMMYHN 11 ON3UKO-XUMIUYHI MIPOLIECH, MPY KOUTO
3M1aToTo0 Ce pasTBaps B MPOAYKUMOHHWST pasTBop M ce
W3BMMYa Ype3 pasnnyHu MeToau. Mpn efHa OT Hail-yaauHuTe
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OT €KONOTMYHa W TEXHOMOMMYHA rMefHa Touka TexXHororuu -
GesumaHmaHus  TMOCynaTHO-aMUHOKUCENWUHEH —MeTod, €
M3BECTHO, Ye OOWYaNHOTO TpeTupaHe Ha NpOLYKLUMOHHWST
pasTBOp upe3 afcopbunst BbpXYy aKTUBEH BLITIEH HE AaBa
pobpn  pesyntatv.  EguWHCTBEHaTa  anTepHatMBa  Ha
CMOMEHATOTO TpeTUpaHe € WMEHHO mnpoueca LMMeHTauus
BbpXy Zn npax. (Tran T., 1991, Hsu J., 1980, McDougall J. et
al. 1981)

TexHonornyHata peanu3aums Ha LMMEHTaUMSTa 3abimkn-
TENHO TpsiOBa fa BKIOYBA CeHUTE NOcnefoBaTenHu eTanm -
npeyncTBaHe Ha NPOLYKTUBHUS  pa3TBOp, [eaepauus,
npubaBsHe Ha UWHK, M3BMMYaHe Ha Au/Zn ytaika. Tasu
nocnepoBaTENHOCT e 00yCcrnoBeHa M OT (hakTopuTE, BRUSIELLM
BbpXy MNpoueca — KOHLEHTPauus Ha aKTMBEH KOMMOHEHT,
npeaBapuTenHa [eaepauns Ha pasTBopa, Temnepatypa, pH,
CKOpOCT Ha pa3bbpkBaHe, u3monseaHe Ha [1AB u gp.
(McDougall J. et al. 1981, Zarraa A., 1996).

XUMUYECKUTE peakTopu, 13MonaBaHN 3a LeNnTe Ha LIMMEH-
TauusTa (T.Hap. LUMEHTaTopu), UMaT PasnuyHU KOHCTPYKTUBHM
XapaKTepUCTUKM B 3aBUCUMOCT OT BUAA Ha LiMHKA W HaYMHa Ha
pabota Ha peakTopa. B cBeTOBHaTa npakTuka ce npunarar
peakTopu C (hukcupaH Ccroi, ¢ dnymauaupaHo nerno, bapa-
BaHeH Tvn 3a rpaHynupaH LuHK ,6apbyTaTaxHo-epnudTHM , C
MexaHnuHo pasbbpkeaHe u ap. (Omelas J. et al. 1998). B
peguua wscnegsanus (Miller D., 1990, Nguyen H., 1997) ca
HarnpaBeHW MPOYyYBaHUA 3a BL3MOXHOCTTA LMMEHTauusTa Ha
BraropogHu MeTanu Aa ce u3sbpLuBa U Bbpxy Fe, Cu n Al.

B HacTosWOTO M3CrieABaHe OCHOBEH aKLEHT e MocTaBeH
BbpXy 3afadyaTa Oa ce TecTupa pabotaTta Ha nabopaTopeH



LMMeHTaTOp C peanHu NPOAYKLMOHHM pasTBOPM MW PasnnyHu
YCMOBMSI HA CycreHauMpaHe Ha Zn npax, YCTaHOBsiBaHe
BMWUSHMETO Ha MNpeaBapuTenHaTa [eaepauysi, KOHTAKTHOTO
BpeMe, KakTO W  OMPEdensHeTO  KOHCTPYKTUBHUTE W
TEXHOMOTMYHM XapaKTEPUCTUKK B NabopaTopHUS LIMMEHTATOP,
KOWTO LLie MocnyxaT npu matyabupaHe Ha npoLeca B NUNoTeH
11 NPOMULLIIEH BapuaHT.

MATEPWAINN N METOON

3a wn3cneasaHe npoleca Ha LMMeHTaUus Ha GnaropogHu
MeTanu BbpXy LMHKOB Mpax B MPOAYKUMOHHM pasTBOPH,
MoNy4YeHu MO  TMOCYNDATHO-aMUHOKUCENMHHUAT MeTof, e
MPOeKTMPaHa U KOHCTpyupaHa nabopaTopHa WHCTanaums-

cur.1.

W3nonasaHata KOHCTPYKUWsS Ha NabopaTopeH LMMeHTaTop
npeAcTaBnsiBa  KOMOMHMPAHO — CbOpaXeHWe  BKIKOYBALLO
peaKUMOHHA KOMOHA, KbAETO MOCPEACTBOM — MeXaHU4YHO
pa3bbpkBaHe ce cycneHaupa Zn npax, M BepTUKanHa
yTauTenHa kamepa 3a CbOMpaHe Ha LMMEHTALMOHHWS
npogykt. CbrnackHo cur.1. npuHumna Ha pabota Ha nsbpaHaTa
TEXHOMOTMYHA CXeMa € CMefHUS: NPOAYKLMOHHWUST pasTBop ce
nodaesa 4pe3 nepuctanTnyHa nomna 2B AeaepaunoHHaTa
KOMoOHa, NpeAcTaBnsBalia  MMEKCUrNacoB  LUMIMHABP C
BucoymHa 960 mm u guametsp 100 mm (obem 7,5 dm3). Mo
Bpeme Ha paboTa Ce npedBuxaa HUBOTO Ha TeyHaTa hasa ga

pocTura go 2/3 obema Ha KornoHaTa T.e 0kono 5 dm®.
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3a pocturaHe Ha HeODXOAMMUAT BaKyyM B KOMOHAaTa ce u3-
nof3Ba MacrieHa BakyymHa nomna Ha ¢pupmarta “Edwards-4”.
MepuctantuyHata nomna Ha cupmata “ISMATEX" ocurypsisa
nnaBHa perynupoeka Ha paebuta npu nogaBaHe B
unmenTatopa ot 0 + 1,150 dm®/min, B 3aBucuMOCT OT n3bpa-
HOTO KOHTaKTHO Bpeme 3a paboTa Ha MHCTanauusta. Ypes
Tutpatopa ("Metrom") 7 ce nogobpka Heobxogumarta 3a
npoleca onTMManHa CTOMHOCT Ha pH B LuMMeHTaTopa.
MPOAYKUMOHHUAT pa3TBOpP MOCTBMBA Mpe3 Lyylep OT AbHOTO
Ha LumeHTaTopa 5 npe3 0TBOPY OKOMO NETOBKS Narep Ha Bana
1 OCBLLECTBSBA KOHTAKT C Zn cycneHsus. Bana Ha 6bpkankaTta
OT paMKOB TuM € ¢ 0bLa AbmkiHa oT 720 mm 1 e narepysaH B
TP TOYKM - B OCHOBAaTa Ha Bana Mpu MOTOp-peaykTopa, B
narepHoTo TAno (pasctosHue mexay narepute 160 mm ) n B
TE(IOHOB METOBM farep pasfonokeH Ha AbHOTO Ha
peakunoHHaTa konoHa. Crieq yTasBaHeTo Ha Zn KOHLEHTpaT B
yTauTenHata Kamepa, pasTBopa Cref LUMMeHTauus ce
oTBexga B cvbOupateneH pesepsoap 11. [lpedsuaeHa e
Bb3MOXHOCT 3a NOArpsiBaHe obema Ha peakuMoHHaTa KofoHa
ype3 BOfHA pu3a, B KOSTO Ce nogasa Tomnna Boda OT BoAHa

GaHs 8 ¢ gebut 7 dm>/min.
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®ueypa 1. TexHonoauyHama cxema Ha labopamopHama uHcmasnayus 3a YuMeHmayus
1 - 3axpareall pe3epsoap, 2 - 8- kaHarHa nepucmanmuyHa nomna, 3 - deaepayuoHHa KosoHa, 4 - 8akyyMm nomna, 5 - peakyuoHHa
Kamepa Ha yumeHmamopa, 6 - ymaumen Ha yumeHmamopa, 7 - asmomamudeH mumpamop, 8 - 800Ha bas, 9 - paaxodomep 3a

nodasaH Ny, 10 - 6ymurnka ¢ N2 u 11 - konekmopeH pesepsoap 3a U3xo0awus pasmeop.
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Axeenos A. u dp. NMPEPABOTBAHE HA 3/IATO-CBABPXALLM PASTBOPU YPES ...

Ta6nmua 1. Pe3ynTaT|/1 OT 3bPHOMETPUYHNAT aHann3 Ha U3XOAHUAT LIMHKOB npax

ColuecTByBa Bb3MOXHOCT M 33 nopaBaHe B obema Ha
uumeHTaTopa W Ha a3oT (Np). A30TbT ce nogaea OT ObHOTO
npes UNTbLPHO NNaTHO C eapuHa Ha nopute 50 + 100 pum ¢
nebut 0,1 + 3 dm*min . 3a npoueca Ha LMMEHTauus ce u3-
nonaga LuHKoB npax, npoussedeH B “KLIM™-EAL rp. Mnoeaus,
KOWTO He € C pernameHTMpaH CbCTaB MO OTHOLUEHWE Ha
3bpHoMeTpusTa cu. Crief HampaBeH 3bpHOMETPUYEH aHanm3
Ha W3XOOHMA LUMHKOB Mpax Ce Momyynxa pesynrature
npeacTaBeHn B Tabnmua 1.

3a ycTaHoBsBaHe OMTUMANHWUTE YCMOBMS 3a MPOTUYaHe Ha
UMMeHTauus B nabopaTopHaTa WHCTanauusi, ca MocTaBeHu
HSIKOMKO FPYMM EKCIEPUMEHTH

MbpBeaTta cepyst OT ONUTM LIENM YCTAHOBSIBAHE YCIOBUSITA Ha
CyCneHaupaHe B peakLMOHHATa KOMOHa Ha LumeHTaTopa. 3a
uenTa e HeobxoaMMo fa Ce YCTAHOBM CbCTOSIHWETO Ha
cycneHausita B obema Ha peakUMOHHaTa KOMIOHA MpU Tpu
pasnuyHM KOHUEHTpauum Ha Zn npax- 3%,6% n 12% rbctoTa
Ha nynna, a CbLLO Taka Npu Tpy pasnuyHK A1anasoHa Ha 06o-

poTuTe Ha pa3bbpkBaHe Ha Gbpkadkata (160-210 min™!, 210-

260 min” 1 260-400 min'1). YcTaHOBSBaHETO Ha pasnpegene-
HMETO Ha CyCMEH3uATa B KOMOHAaTa Ce W3BbPLIBA 4pe3
onpobBaHe OT 5 HMBAa MO BMCOYMHATA Ha KOJOHaTa,
(unTpyBaHe MNpe3 CWHA feHTa  (UATbPHA  XapTus,
n3cyliaBaHe 40 NOCTOSIHHO Terno Ha Zn mpax B CYLWMIHS W
“3MepBaHe Ha aHanUTUYHa BesHa.

Bropata rpyna OT OMMTM  LEMM  yCTaHOBABaHe
pasnpedeneHneTo no knack Ha Zn npax B LMMeHTaTopa no
BUCOYMHATA MY. 3a MPOBEXOAHETO HAa TO3W EKCNEPUMEHT €
HEoBXOAWMO MpPW  YCTAHOBEHW MOAXOASLIM YCrIOBUS Ha
cycneHavpaHe B peakTopa, Aa ce Bsemar npoGu oT Tpu
PA3MAYHM BUCOYMHM HA ZNn CYCMeH3us, [a Ce W3BbPLIM
3bPHOMETPUYEH aHamnM3 W CbliMs [a Ce CPaBHM ChbeC
3bPHOMETPUYHUAT CbCTAB Ha U3XOAHMA ZNn npax.

[pyra oOCHOBHAa 33daYa Ha TO3M EKCNIEPUMEHT e
YCTAHOBSIBAHETO CTENEHTa Ha fieaepallns Ha MpOaYKLIMOHHMS!
pa3TBOp MOCTBLMNBALY B LMMeHTaTopa. 3a LenTa ce u3Mepsa
ChbPXAHWETO Ha PA3TBOPEH KUCMOPOA NPU PasnyeH Bakyym
Cb3flafieH OT BaKyyMm Momnata, BNMSHAETO Ha TemnepaTypaTta
BbPXY NpoLieca, AeaepaLusTa Ha pasTBopa Ypes npoayxsaHe
¢ No 1 BNMsHMETO Ha pa3GbpkBaHeTo. 3a U3MepBaHe Chabp-
KaHMeTO Ha pa3TBOPEH KuCropod B TeyHaTta (asa ce

n3nonssa nonsporpadickM AaTtivK 3a M3MepBaHe Ha pas-
TBOPEH kucnopog Ha upmara “Ingold” .

[pyra ekcnepumeHT € CBbp3aH C YCTAHOBABAHETO Ha
CKOPOCTTa Ha yTasiBaHe Mpu TPW PasfyH1 KOHLEHTPaLMM Ha
unHka - 3%, 6% u 12%. Onuta ce npoBexaa B MepuTerneH
uinuHabp ot 1 dm® u BU3yanHo OTuYMTaHe Ha W3BUCTpeHus
cnoit B H [mm] 3a onpeaeneHo Bpeme t[s]. Kato yact ot To3u
eKCMepUMEHT € W npoBepkaTa Ha edpekTBHaTa pabota Ha
yTauTenHata Kkamepa Ha UuMMeHTaTopa. 3a LUenTa Ha
NpenuBHUKa ce MOCTaBs (PUATHP 3a yNaBsHE Ha €BEHTyarHo
HeyTaeHWTe YacTuum Zn. MacoBus pasxog Ha nocTbneallarta B
Kamepata CyCreHanst 3a To3u OnuT TpsibBa Aa CbOTBETCTBA Ha
MWHUMAIHOTO KOHTAKTHO BpeEMe Ha pasTeopa.

Cep, 30 g Zn/dm?
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PE3YNTATU N OBCHXOAHE

Mpn npoBegeHUTE CEpUS OT EKCTIEPUMEHTU CE YCTaHOBM
CPaBHUTENHO PaBHOMEPHO pasnpefeneHne Ha LyWHKoBaTa
cycneHsust B paboTHMs 00em Ha LMMeHTaTopa 3a TpuTe
recToTh Ha nynna (3%, 6%, 12%) npn mexaHuyHO
pa3bbpkaHe ¢ 0bopoTs B AuanasoHa 210 + 260 min” u
3HAYMTENHO OTKIOHEHWE OT CpefHaTa KOHLEHTpauus B

Queypa 2. PasnpedeneHue Ha Zn cycheH3ust npu mpu nvanasoHute 210-160 min" v 260-400 min" (&wr.2).
pa3nu4u KOHUeHmpayuu u 060pomu Ha pa3bbpkeaHe

Pasnpegenenneto Ha knacute Zn npax no BUCOYMHA B
peakTopHaTa kofoHa e nokadaHo Ha ur.3. [puseaeHnTe
pesynTati 3a pasnpefencHneTo no Knacu B TPU PasnnyHu
BucounHu (210 mm, 300 mm v 390 mm) ca nony4eHn npu
MexaHu4HO pa3bbpkeaHe ¢ 260 min”, npuW rbCTOTa Ha nynna B
gmanasoHa 6% + 12% w nogabpxaHe MOCTOSIHHO HWBO Ha
3anbneaHe B peaktopa H = 382 mm (0bem Ha TeyHaTa ¢hasa 1

dmd).
%, 45
401 ] UaxoneH, %
35 1 =210 mm, %
30 1 5300 mm,%
25 = " 390 mm,%
20
15
10
5
0 ; ; ‘
250- 100 - 63 63-48.4 48.4- 255- 129- 50-
100 255 129 50
Queypa 3. PasnpedeneHue Ha Knacume Zn npax no suco4uHa
8 peakmopa

Mpwn CpaBHEHNE HA 3bPHOMETPUYHUS CbCTaB Ha LIMHKOBNS
npax B Te3W TpU BWUCOYMHM C M3XOOHWS OCHOBEH 3bpHO-
MeTpuyeH cbeTaB (Tab. 1), Moxe Aa ce HampaBw M3BOda, Ye
OTHOCUTENHMS O Ha knacute + 63 -100 pm (kosiTo € ¢ Hai-
roNsAMO CbObpXaHWe B u3xogHus Matepwan - Hag 30%),
HapacTBa Mo BMCOYMHA B KOMOHATa, e4puTe Knacu B AuanasoH
+ 100 - 250 pum u + 250 pm HamansBaT no BMCOYMHA M
OYEBMIHO Ca CbCPEAOTOYEHU B JbHOTO Ha peakTopa nog 165

mg 0,/ dm’
8 16
e 00
6 — 55 H,mm
5 E 12 ; 2210
4 =L — 371 poss
3 = — 254 | =300
— — 1.9—=—
2 = = =
1 = = =
0 — ‘ — ‘ —
0.03 MPa 0.06 MPa 0.1 MPa
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Axeenos A. u dp. NMPEPABOTBAHE HA 3/IATO-CBABPXALLM PASTBOPU YPES ...

Tabnuua 2 CoobpxaHue Ha pO2 Npu pasnuyHM ycnosus B
€aKLMOHHATa KONOHa

BapuaHt Onucanme Ha ycrnoeusata Ha | Cp,02

No Jeaepaums mg/dm3

1 0,1 MPa ¢ pasbbpksaHe npu 210 | 4,17
min”, 18,C, 0,5 dm¥min nebut
Ha pasTBopa

2 0,1 MPa 6e3 pa3bbpkeaHe, 18,C, | 3,96
0,5 dm®min aebuT Ha pasTBopa

3 0,1 MPa ¢ pa3bbpksaHe npu 210 | 1,72
min™', 35 (C, 0,5 dm*min ae6ur
Ha pasTBopa

4 peaepauns ¢ N2 npu pgebut 2 | 0,93
dm®/min u pa3bbpkeaHe npu 210
min”

5 peaepaums ¢ N2 npu pgebut 2 | 0,72
dm®/min

Hai-gpebrute kmacu -63 +1,3 um ca pasnpegenenu
CPaBHUTEMHO PaBHOMEPHO, NPEAUMHO B CPeaHaTa M ropHata
4acT Ha konoHata. Ha 6asata Ha Teau pesyntaTtu € 04EBMIHO,
Ye MmaTepuana C Hai-BUCOKA CpefHa OTHOCUTENHa Cheuu-
(bnyHa NOBBPXHOCT CE OKa3Ba JokanuanpaH B ananasoHa 210
+ 345 mm no BUCOYMHATA HA peakTopHaTa kamepa.

B apyra cepust OT onWUTW € W3MEpBaHO CbAbLPXAHWETO Ha
pa3TBOPEH KWUCIOPOA B LIMEHTATOpa NpW PasnuyHM yCrioBUS
Ha [Jeaepauusi B cpefaTta nofgaeaHa B peaktopa. [pyu BCUYKu
BapuaHTV aebuta Ha NPOAYKLUMOHHUAT pa3Teop € 0,5 dm®/min.
Ha dur.4 e nokaszaHo CbAbPXKaHNETO Ha Pa3TBOPEH KMCMOPOL
Mo BMCOYMHA B peakTopa Mpu TPU PasfiMyHM CTOMHOCT Ha
BaKyyma B AeaepauumoHHata konoHa (0,03; 0,06 n 0,1 MPa),

18°C 1 MexaHu4HO pasbbpksaHe ¢ 210 min™. KowTakTHOTO
BpEMe Ha pa3TBopa B [JeaepauyoHHaTa kamepa (noneseH

0bem Ha 3ambnBaHe 5 dm®) e okono 10 min.

CbObpXaH1eTo Ha Pa3TBOPEH KUCTOPOA NPpW NET pasnuyHy
BapuaHTa Ha feaepauus e nokasaHo B Tabn. 2. Hai-gobpw
pesynTaTu ce nonyyaeaT Mpu BapuaHTUTe C MpofyXBaHe B
obema Ha peaktopa C a3oT W NMpu npeaBapuTenHa BakyymMHa
neaepauus ¢ 0,1 MPan 35° C.

YctaHoBeHaTa [OMHaMWKa Ha yTasiBaHe Ha  LMHKOBUTE
YacTWLM Npy TPWU PasnYHU KOHLEHTpaUMM Ha CycneHsusTa
(3%, 6% 1 12%) e cbrnacHo nonyyeHuTe AaHHU, NpescTaBeHu
Ha ¢ur. 5. B CbOTBETCTBME C MOMyYeHUTE pesynTat ce
ycTaHoBsBa Hag 95% yTasiBaHe Ha Zn 4acTvuum U npu TpuTe
NNbTHOCTU Ha nynna 3a okorno 300 s, T.e fAeAcTBMTENHATa
CKOPOCT Ha yTasiBaHe € okono 1,2 mm/s.

Mpu pabotata Ha LMMeHTaTOpa M Heroata yTauTenHa
kamepa Ce YCTaHOBW, 4Ye MpU MaKCMManHa rbCToTa Ha
cycneHansita oT 12% W MAHMMANHO KOHTAKTHO BpeMe 0T 22 S B
peakTopHaTa KomnoHa (ae6uT okono 1,15 dm®/min), B yrautens
CE YNaBAT BCUYKM LWMHKOBW YaCTWLM C M3KIMIOYEHUE Ha Hail-
thuHuTe (C pasmepy nog 5 pm).

H,mm H,mm
400 400
350 | 1350
300 | 1 300
250 | 1 250
200 | —3-3%2Zn 1200
150 ——6%2Zn 1150
100 1 —0—12%2Zn 1 100
50 | 150
0 — — — — ‘ 0
2 5 10 20 40 60 120 180 220 300
ts
13800

1. MpoekTupaH 1 KOHCTPYMpaH e nabopaTopeH LMMeHTaTop,
paboTewy ¢ Zn npax, 3a UMMEHTALMS Ha 3M1aTo- ChAbpKaLy
NPOAYKLMOHHY PasTBOpY npu paboTeH obem 1 dm? 1 BucoumHa
450 mm. MpuHuwmna Ha aencTBne ce 6asnpa Ha cycneHanpaHe
Ha TBbpaata (hasa upe3 MexaHWYHo pasbbpkBaHe B
peakTopHa KONOHa 1 MOCMedBallo yTasiBaHe B yTauTenHa
kamepa.

2. PeanuanpaHaTa TeXHOMOTMYHA CXemMa MO3BOMSBA
perynupaHe pabotata Ha LWMeHTaTopa 4pe3 BapupaHe Ha
KOHTAKTHOTO BpEME W YCNoBUSTA Ha MpeABapuTenHa
BakyyMHa feaepauys.

3. YCTaHOBeHM ca ycnoBusTa Ha cycrneHavpaHe B LMMEH-
TaTopa B Ananasonute 160 -210 min™!, 210-260 min™ u 260-
400 min”" YcraHossia ce, ye npu o6opotn mexay 210 min”"

260 min™' ce noflyyaBaT OMTUMAnHW YCMOBWSI Ha CyCheH-
AVpaHe, Npu KOUTO KOHLEHTpauusiTa Ha Zn Mo BUCOYMHA B
KonoHaTa Bapvpa OKOMo cpefHaTa 3a CbOTBETHaTa rbCToTa Ha
nynna. Mpu 160 min™ u npu 400 min" ce HaGniopasa
HepaBHOMEpPHO pasnpefefieHne Ha CycreH3usaTa B peakTopa,
CbC 3HAYUTENHM OTKITOHEHWS OT CPEAHUTE KOHLEHTpaLK.

4. Mo oTHOLLEHWE Pa3npeaeneHneTo Ha knacute Zn npax no
BMCOYMHA B LMMEHTAaTOpa Ce XapaKkrepusupa C rofismo
pasHoobpasve. Egpute knacy B gnanasoHa -250 +160 um ce
nokanuaupar B [oNHaTa 4acT Ha peakLyoHHaTa KoroHa (MoA
165 mm), ocHoBHaTa knaca +63 -100 Um e cpaBHUTENHO
PaBHOMEPHO pasrnpefeneHa B cpefHaTta 4acT Ha peaktopa
(165 - 300 mm). Hai-gpebHata knaca B ananasoHa -63 +1,3
MM ce pasnpeaenst CPaBHUTENHO PAaBHOMEPHO B Lenns obem
Ha peakTopa.

5. YcTaHoBEHM Ca ONTUManHu YCroBus Ha Aeaepauus npu
CTOMHOCT Ha Bakyyma Hag 0,1 MPa B neaepauuoHHata kamepa
W Npu NpogyxsaHe ¢ 2 dm®min Ny. locTurHato CbbpXaHue
Ha pa3TBOPEH KUCMOpOL B peakuMoHHaTa kamepa e nog 1
mg/dm3.

6. ViamepeHaTa JeidcTBUTENHA CKOPOCT Ha yTasBaHe Ha Zn
cycneHsus e 1,2 mm/s. lpu HenpekbCHAT pexum Ha paboTa
Ha yTauTenHaTa kamepa, MakcuManHa rbCcToTa Ha CycheH-
3ugTa M Makcumaned aebut 1,15 dm®min ce yCTaHoBsBa
e(EeKTMBHO yTasiBaHe Ha Zn YacTuLM.
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7. 3a echekTnBHaTa paboTta Ha LumeHTaTopa e HeobxoaMmo
KnacuTe uMHKOB npax Hag 160 pm, 3a kouTO Cce ycTaHoBsiBa
3afbpkaHe B [OMHATa YacT Ha peakTopa W OYEBMOHO Mo-
HUCKa CI'IeLU/ICbI/I‘-IHO OTHOCUTENHa NOBBPXHOCT KaKTO N Knacute
nog 5 pm, KoWTo ca TPy4HO yTauMu B Kamepata W Mo-NecHo
pasTBOpUMM B pa3TBopa, € Heobxogumo pa 6wvgar
npemaxsaHi B U3X0aHUs Zn npax.
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TREATMENT OF GOLD-BEARING SOLUTIONS BY CEMENTATIONS
WITH METALLIC ZINC

Antony Angelov, Stoyan Groudev

Department of Engineering Geoecology
University of Mining and Geology “St. Ivan Rilski”

Sofia 1700, Bulgaria

Pregnant solutions containing dissolved gold and silver after leaching of an oxide ore by means of amino acids of microbial origin and thiosulphate ions were treated
by cementations with metallic zinc to precipitate the precious metals. The treatment was carried out in cementator with mechanical stirring under batch conditions.
The optimum conditions with respect to the pulp density , particle size distribution of the zinc powder , pH ,Eh , temperature and residence time were established .
The prior deaeration of the gold-bearing solutions to dissolved oxygen concentrations lower than 1 mg/l facilitated the cementation process by decreasing the zinc
consumption. Under the optimum conditions , more than 98% of the gold was precipitated by the cementator from pregnant solutions containing from 0.5 to 5.0 mgll

gold .

INTRODUCTION

Zinc-dust cementation for gold and silver recovery,
also well-known as the Merill-Crove process is the one
of the most common contact — reducing processes in
hydrometallurgy (Nicol et al., 1979). Cementation is the
electrochemical precipitation of one metal by using
another metal as a reducing agent. Zinc is element that
has been studied for use as cementing agent for
gold/silver pregnant solutions (Tran et al., 1991).

2Au(CN)Z +Zn? _ 2au® + Zn(cNy%4

2Au(CS(NH,)z)*; + Zn® > 2Au® + 4CS(NH,), + Zn?

AupSp03 + Zn®_. ZnS703 + 2Au°

The treatment technologies of mineral row materials
contains refractory gold ores , are an aggregate of chemical,
biological, and physical processes. Gold -bearing solutions
have been treated by means of different type methods.
Thiosulphate leaching of gold is a proposed alternative to
cyanide leaching (Potter, 1980; Hsu et al, 1996 and
McDougall et al., 1981), in this technology are well-known that
common used adsorption onto active carbon doesn’t give a
good results. Zinc—dust cementation are only one alternative
method for the process.

Technological realizations of cementation
process have to obtain and include following
stages —clarification of production solution,
deaeration, addition of zinc-dust, and extraction
of gold-zinc dust. This succession has been
determinate by factors effecting into
cementation —concentration of Au/Ag in
solution, preliminary deaeration, temperature,
pH, stirring speed, addition of surface active

agents (Miller et al, 1990; Nguyen et al.,
1997).

Chemical reactors applying for cementation by using zinc
powder possess different construction according to kind of zinc
and way of reactor operation. In wide spread practice are
applying following type reactors- fixed bed reactors, fluid bed
reactors, drum type reactors with granular zinc , airlift reactors
and stirring type reactors (Ornelas et al., 1998). On different
examination are investigating to cement noble metals into Fe,
Cu, and Al (Zarraa, 1996; Guerra et al., 1999).

This study focused on task to testing batch-scale reactors
working with zinc powder on real pregnant solutions. Here are
investigate how the factors of different suspension conditions,
influence of paramilitary deaeration , resistant time affecting
gold cementation performance using zinc dust. This data will
be give information for scale up the cementation process.

EXPERIMENTAL

Investigation the process for treatment of
gold —bearing solutions by cementation with
metallic zinc was project and constructed batch
—scale installation —fig.1.In this scheme in
cementator are combined structures include
reaction column where by mechanical stirring
are suspended =zinc powder and vertical
settlings tank for accumulation a cementation
product.

A mutual agreement on Fig.1 the way of operation in
selected technological scheme is —production solution pumped
into peristaltic pump 8 in deaeration column made of acrylic
plastic with high 960mm and diameter 100 mm (volume 7,5
dm®) During the operation are provide for level of liquid phase
reach to 2/3 by volume of the column (volume 5 dm®).



Table 1. Granulometric analyses of zinc dust

pm 250 | 250-160 | 160-100 | 100-80 80-63 | 63-48.4 | 48.4-344 | 344-295
% 5.45 1042 176 25.78 5.00 16.12 0 8.09
um| 295-255 | 255-19.3 | 19.3-169 | 169-129 | 129-86 | 86-50 | 5.0-1.3 <13
% 7.06 3.65 4.22 417 2.68 319 | 165 0.67

Deaeration process was supply with oil vacuum pump
“Edwards-4”.  Peristaltic pump ‘Ismatech” delivery a
smoothness control for output flow in range 0+1,150 dm?* /min.
Automatic titration system “Metrom™7 delivery optimal pH in
cementation column reactor. Production solution inflow under
bottom the reactor 5 around the thrust bearing and get in touch
the zinc dust suspension. The agitator shaft is overall length

about 720 mm. The type of agitation system is three —section
frame mixer. After precipitation of zinc product in settlings tank,
pure solution outflow into collector tank 11.Here is possible to

heating reaction column by water shirt with supplying on water
bath 8.
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Figure 1. Batch-scale cementation installation
1 — Production solution tank, 2 — Peristaltic pump, 3 — Deaeration column , 4 — Vacuum pump, 5 — Reaction cementation
column, 6 — Settlings tank, 7 - Automatic titration system, 8 — water bath, 9 - Rotameter, 10 — Nitrogen cylinder, 11 — Collector tank.
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conditions in batch scale installation was made a several group
experiments.
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Figure 2. Dispersion of zinc dust suspension on different
concentrations

The first series of experiments aim to establish suspension
conditions in reactor column. This aim was needed to set
conditions of suspending in reactor column volume onto three
different concentration of zinc dust -3%,6%,12% . Besides the
cementation conditions will be observe onto three different

range of stirring (160-210 min_1, 210-260 min™" and 260-400

min'1). Distribution of suspension was established by sampling
into five column levels. The samples were filtering through
“blue-line” filter paper, drying onto constant dry weight, and
measured on analytical balance.

The second series of experiments aim to
establish distribution on granulometry of zinc
dust in reaction column. These experiments
were demand for making to establish suitable
conditions on suspending in reactor and
sampling of three different points onto column.
The granulometry of these samples were

compared with starting granulometry of zinc
dust.

Other main aim is setting of deaeration
condition on production solution inflow to the
cementation reactor. This aim have exact for
measuring of dissolved oxygen onto different
vacuum conditions, temperature influence, and
stirring speed influence. For measuring
dissolved oxygen was used polarographic
sensor “Ingold”.

The last experiments are connected with establishment of
precipitation speed by the three different concentration s of
zinc powder (3, 6, 12g/dm?) in suspension. The test was made
in measure cylinder with 1dm® volumes and visual reading of
clear layer. The part of this experiment is testing a work of
settlings tank in steady-state conditions. The mass —input flow
onto settlings tank have to be less than resistant time for gold
bearing solution.

RESULTS AND DISCUSSION

The distribution of zinc particles were studied of three
different concentration of zinc dust on varied rotating speed.
This shown on Fig.2 where distribution of zinc powder are
steadiness on rotation speed between 210-260 min" and have
a large deviation from average concentration in ranges 260-
400 min"" and 160-210 min™.
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Figure 3. Distribution of classes zinc powder on column high

Distribution of different zinc dust size particles was showed
on Fig.3. The reduced results on zinc particles distribution in
three different high (210,300,390mm) was obtained into stirring
speed 260 min'. The concentration of zinc dust in this
experiment was between 6 -12% and supplying the constant
level of liquid in reactor column H = 382 mm (volume 1dm?®).

The comparison between zinc dust granulometry of three
different high of reaction column and initial zinc dust shown on
Table1 ,be able to made a conclusion so , relative particle size
classes between + 63 and -100 pum (over 30% in beginning
piratical size) was increase on the high column. The coarse-



grained zinc dust between +100 and -250um, was decrease
onto high to column. The fine-grained zinc dust particles
between -63 and +1,3um was distributed relatively steadiness
in the middle and top of the reaction column. This results show
that the zinc particles with most specific surface are present in
range 210-345 mm on the column high.
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On other group tests were measured dissolved oxygen
content in reaction column with different conditions of
deaeration. The input of production solution in all variants is
consisting about 0,5dm*min. On fig.4 are showed dissolved
oxygen concentrations on the column high with three different
values of vacuum (0,03 MPa, 0,06 MPa, and 0,1 MPa). The
temperature was 18°C and speed of mechanical stirring
210min™. The resistant time on production solution in
deaeration column was 10min (working volume 5 dm?).

The content of dissolved oxygen on five different variants of
deaeration is showed in table 2. The best results were
obtained in variants with nitrogen bottom blowing and vacuum
deaeration on 0,1MPa with temperature 35°C.

Table 2 Dissolved oxygen content on different deaeration
condition

Ne Deaeration condition C,02

mg/dm?®
417

0,1 MPa with mixing on 210 min".
18,C, input flow -0,5 dm®min

2 0,1 MPa without mixing, 18 «C, 3,96
input flow - 0,5 dm®/min

0,1 MPa with mixing on 210 min'1, 172

35,C,, inputflow - 0,5 dm¥/min
4 | Deaeration with N2, 18 (C, input flow 0,93

- 2 dm*/min with mixing on 210 min "

5 | Deaeration with N2, 18 (C, input flow- 0,72
2 dm®/min

The established dynamics of zinc dust precipitation of three
different concentration of suspension are showed on Fig.5.
According to obtained results was established over 95%
precipitation of zinc dust for time of 300 s — 1,2 mm/s speed of
settlings. In real time working the column reaction and settlings
tank was established for maximally concentration of zinc dust
of 22 s (input-flow 1,15 dm*min) in settlings tank was holed
back all of zinc particles without size lower than 5 pm.

H,mm H,mm
400 400
350 | 1 350
300 | 1 300
250 1 1 250
200 1 —3-3%2n 1 200
150 | ——6%Zn 1 150
100 1 ——12%2Zn 1 100
50 | 150
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0
2 5 10 20 40 60 120 180 220 300
Ts
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powder
CONCLUSIONS

e The batch scale cementator was projected and
constructed for pregnant solutions containing gold and silver
with 1 dm® working volume and 450mm high. The basic
principle of work in this chemical reactor is a suspending the
zinc dust with continuous precipitation in settlings tank.

» The preparing technological scheme allows controlling
cementation process with change of resistant time and,
condition of preliminary deaeration.

 The condition of suspending in cementator column was
established in range 160-210 min", 210-260min™ and 260-
400min™. The optimal stiring speed in cementator was
obtained between 210-260min™,in this conditions concentration
of zinc dust change around average on the initial zinc dust
material. On stirring speed between 160-210min™ and 260-
400min™' was established no regular distribution of zinc
particles.

« Distribution of different classes zinc particles has a large
variety. The coarse-grained zinc particles (between -
250+160pum) was located in bottom part of column (under
165mm), the basic classes (range +63-100pm)was relatively
steadiness distribute in middle part of column (165-300mm)
and the fine —grained classes in range —63+1.3um distributed
steadiness in all volume of reactor column.

 The optimal conditions of deaeration were obtained with
value of vacuum over 0,1MPa in deaeration column and under
the nitrogen bottom blowing in rector column. The obtained
contain of dissolved oxygen in reactor column was under 1
mg/dm?.

» Real speed of settlings was measured on 1,2mm/s.
Efficiently precipitation of zinc dust was obtain on steady-state



type of workof settlings tank in  maximum input-flow
1,15dm*/min

* Effective way of working of cementator necessary the
classes of zinc dust over 160 um and classes fewer than 5um
have to be removed.
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