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Borata Ha nupuT MefHa pyda, ChAbpXKaLla ChLUO 3naTo U cpebpo KaTo LieHHM KOMMOHEHTH, 6e TpeTupaHa Ypes AByCTaauitHo MUkpobHO nanyrsaxe. Manyreaeto be
npoBeAEeHO B nepkonaumorHn konoHn ot PVC, cuabpxala 30 kr pyaa, HatpoweHa [o MuHyc 10 mm. Pyaata 6e mbpBO M3nyxeHa nocpesceoM auupoduiHi
xemonuToTpodpHm Baktepum n 68,0% ot meaTa Ge pa3TBopeHa no To3n HaumH 3a 10 mMecela. CblyeBpeMEHHO, 3HauMTenHa YacT oT 6naropoaHUTe MeTanm, Kouto
MbpBOHaYanHo Osixa uHO Awucneprupadu B cynduaHn MuHepanu, 6e oceofopeHa OT cynduaHaTta MmaTpuua B pesynTar Ha GaKkTepuanHoTO OKWCHEeHWe.
PastBopeHata mefj 6€ yTaeHa OT MpOAYKLMOHHNTE pa3TBOPK YPe3 LIMMEHTaLms C MUTanHo xens3o. Okucnenata pyaa nocne 6e uanyxeHa nocpescTBOM ankanHm
Pa3TBOPU, ChAbPXKALLM aMUHOKMCENWHI OT MUKPODEH NpoM3Xop 1 TMocyndat 3a ja ce pasTBOpAT bnaropoaHuTe MeTanu. 77,7% ot anatoTo 1 55,4% ot cpebpoto
sixa pa3TBOPEHM MO TO3M HauMH 3a 25 AHK. MpoAYKLMOHHUTE pa3TBOpK bsixa TPETUPaHKM YPE3 LUMEHTALWMS C MeTaneH LMHK 3a Aa ce yTasT naropogHuTe MeTanm

KaTo CMEeCEHM 3NMaTHO-CPEBBPHI KOHLIEHTATH.

YBO[

PasnuyHu auuaodunH1 XxemonmuToTpodhHM GakTepumn morat
[a OKUCNSABAT CYNgMAHUTE MUHEpamu 4O CbOTBETHUTE
pasTBOpUMK CyndaTu. TakoBa OKUCIEHWE Ce W3nonsa
MPOMWLLMEHO 33 W3BMNYAHE HA HECHADbPKALLN KEMNs30
MeTanu W ypaH OT MUHeparHW CyposuHM (pyda W
KOHLIeHTpaTy) 1 3a ocBobOXOaBaHe Ha 3MaToTOTO, KOETO
€ (uHO BmpbCHATO B  CyndaHATE  MUHEepany.
PaskputoTOo 3nato creg ToBa Ce M3BMMYA  Ypes
Pa3NUYHL XUMUYHU peareHTW (TMaBHO LMaHWau) 1 unm
MWKPOBHM Xxuaponusath. MHOro edekuBHO W3BNMYaHe
Ha 3maToTO OT Pa3sfMYHU MWUHEPamNHU CypoBUMHM Oelue
MOCTUrHaTO Ype3 pa3TBOPW, ChbObpkaly — aMUHO
KMCEMUHN OT MUKPODEH MPOM3XOL M TUOCYNaTHU MOHM
KaTo 3maToKOMMMeKkcupaluym areHTu. V3BnmyaHeTo ypes
TakMBa pas3TBOPU Ce XapaKkTepusupa C yBenuyaBaHe
CTEMEHTTa Ha W3BMNYaHe Ha 3natoto M cpebpoTto
CPaBHEHO C Te3n NoMnyyYeHun npu LmaHupaHeTo. KpainHute
CTEMEHM Ha W3BMWYaHE Ha Te3u MeTanu 4pe3 fJgata
MeToga ca cxopHu. Obave peareHTuTe, U3NoN3BaTH NpU
KOMOMHMpaHWA  XuMUKO-OMOMOrMyeH — meTog  ca
HETOKCMYHM KaTo LANo W MEeToabT Ce sBsiBa
MKOHOMMYECKM MO-aTPaKTUBEH OT LiaHUPaHETO.

B ToBa M3cneasaHe Gorata Ha MUPUT MegHO-CyndmaHa
pyaa, cbabpxalla 3naTto huHO AUChEPrMpaHo B CyNnduaHNTe
MWHepany belue MbpBOHAYaNHO TPeTMpaHa Ypes aunaounHm
XEMONUTOTPOHM OakTepun 3a M3BMMYaHe Ha MegTa W
paskpuBaHe Ha 3natoTo. Cnep ToBa, pyaata bele uanyxeHa
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ypes pPasTBOPU ChbABPXKALM MUKPOGHM aMUHO KUCENMHW W
Tuocyndart 3a pasTBapsHe Ha 3naToTo.

MATEPWANA U METON

[aHHA 33 XUMMYHUS U MEHepanoXkM CbCTaB Ha
u3noneaHata pyaa ca gageHu B 1abn. 1. XankonuputsT belue
OCHOBHWSI  MeOHO-CbApbpXaly MuHepan B pyaaTa, HoO
NpuchCTBaxa 1 BTOPUYHNUTE MESHO-CYNGUAHN MUHEPANM KaTo
koBenuH u GophuT. Pygata Gewe 6orata Ha nUpWT, KaTto
0bwoTo cvabpkaHue Ha cyndmante Gewe okono 10%. MMo-
ronsiMa YacT oT 3nmatoTo bewe mHO BNpbCHATa B NupnTa
xankonuputa. OCHOBHa YacT OT 3naTHuTE Yactuun Belwe no-
manka ot 1 MuKpoH. KBapubT Oelwe rnaBHUAT MUHepan OT
BMecCTaBallaTa ckana.

MpenBaputenHoto  GakTepuanHo — OKUCTEHWE U
nocneaBaLloTo XMMWKO-OMOMOTUYHO W3NyrBaHe Ha pygata
Belwe ocbluecTBeHo B PVC konoHu ¢ edoektneeH 0bem ot 800
mm gbmkuHa 1 95 mm BbTpeLleH anameTsp. Konowute Osixa
HambnHeru ¢ 30 kg pyaa HaTpoLueHo Ao MuHyc 10 mm.

Pa3sTBopuTe Chabpxaliy aumaouiHu XeMONUTOTPOGHH
BakTepum, enesHn NOoHM (FMaBHO B TPUBANEHTHO ChCTOSHUE),
HAKOW OCHOBHU XpaHUTENHW BeLlecTBa (FJ'IaBHO aMOHKWeBU K
(hocBaTHM 11OHM), CAPHA KWUCEnMHa W Pa3TBOPEH KMCMOpod,
0axa un3nomnBaHu A0 BbpXa Ha Ko/noHata C HOpma Ha
opocsisaHe 100 l/ton pypa 3a 24 vaca. pH Ha pa3rtBopuTe



M3TMYaLLM OT KONMOHUTE Bsixa KopernpaHu Lo cToiHocTn 1,7 —
1,9 upes pobaBsiHe Ha csApHa KucenuHa. bsxa [o6GaBsHM
amoHWeB cyndar 1 kanues cocdar 3a a ce nonyyu kpanHa
KOHLEeHTpauns Ha pasTtBopute cboteeTHO 0,50 n 0,10 gll.
PastBopuTe u3TMYawWy OT KOMoHuTe Osixa TpeTupaHu B
BACFOX wuHctanmaums (8) B kosTo OakTepumte OKMCNsiBaxa
tbepo noHUTe [0 hepu npu YCNoBMS Ha UHTEH3WMBHA aepauus.
Peuuknupannte pa3TBopu ce nofaBaxa OTHOBO KbM BbpXa Ha
KOMoHaTa ¥ Mo TO3M HauYMH NO3BONSABaxa Ha MEATa, Kens3oTo
u cyndpata ga ce akymynupat. HaborateHute pa3teopu bsixa
TPETUPaHW uYpe3 LEeMeHTauuss C MeTanHO Xens3o kKato

CObPXKAHWETO Ha Med B TaX Hagxebpnsawe 250 mgll.
LlemeHTaunsTa Ce M3BbpLUBALIE B PEAKTOp C MEXaHWYHO
pa30bpKBaHe M3MON3Baiiki Xensas3o Ha npax 3a npeuunuTaums
Ha wmeaTa. [lo Bpeme Ha npeaBapuTenHoto GakTepuanHo
TpeTMpaHe Ha pydata LMPKynauMoHHWTe pasTeopu 6sxa
aHanusvpaHu 3a [ABYBANEHTHO, TpuBaneHto U obwo
CbbpXaHWe Ha Xens30, Med 1 cynaTtHu noHn, pH, Eh v 6pon
Ha Xens30 OKUCMSBALLMTE XEMONUTOTPO(HM bakTepm.

Tabnuua 1. [JaHH! 38 XMMUYECKNS MUHEpaNoXKW CbCTaB Ha pyaaTa

EnemenTtn CbobpxaHve Enementn CbobpxaHue
Megn 0.32% Cpebpo 9.1 g/t
O6La csipa 5.0% 3narto 4.2 glt
CyndmaHa csipa 4.7% ®aau Ha 31aToTo (B % OT 0BLLOTO 3n1aTo):

Cyndpatha csipa 0,3% - cBOBOAHO 3naTo 0.5%
XKensso 6.3% - 3MaTo B OKCMAam 12.2%
CyndmaHn MyHepanu: 0

- rpuT 8.5% - 3naro B cynduam 84.8%

- Xankonuput 1.0% - 311aTO B CUMNMKaTH 2.5%

- APy cyndouau 0.5% 0610 100.0%
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Cnep okucnsBaHe Ha CynduauTe 1 U3BMNUYAHETO HA MeATa,
pynata Gelle npomuBaHa HaKomKo MbTW CbC CBEXA BOLA U
cneg ToBa Oelwe TpeTMpaHa C pasTBOPU CbObpXally
MWKpobeH NpoTenHoB xmaponuaar - 1 g/l, TuocyndatHn foHu
(nobaBsHM kaTo amonueB Tuocyndar) 0,5 g/l, megHn MOHM
(nobaesHM kaTo MeaeH cyndat) - 0,5 g/l U cyduaHm hoHn —
0,5 g/l. pH Ha pa3TBOpKTE CE NOAABPXALLE B rpaHuumTe oT 9,5
po 10,0 uypes pobaBsHe Ha amoHsK. [lpoTeMHOBUST
XWAPONW3aT NpeAcTaBnsBalle CMeceHa KynTypa OT oTnagHa
Buomaca OT Tpu pasnuyHM MUKPOOHW BuAa. XuAponus3aTbT
CbObpXalle pasfMyHW  3MaTo-  KOMMMEKcupawy amuHoO
KMCEMUHIN CMECEHM B MOLXOASLLM NPONOPLN.

W3nyreawmte pastBopu Osxa M3noMnBaHW O Bbpxa Ha
KOroHaTa kaTo ckopocTTa Ha opocsBaHe Gewe 200 g/ton pyaa
3a 24 yvaca. Pa3stBopuTe LMpKynupaly npes pygHata maca
pa3Bapsxa 3nmartoto W cpebpoTo. Mstuvawmte oT konoHata
pa3TBOpM Ce TpeTMpaxa Ypes LemMeHTaLms ¢ MeTaneH LMHK 3a
yTasBaHe Ha  pas3TBOpeHuTe  6maropogHu  MeTanu.
LiemeHTauusTa Gele npoBexdaHa B LEMEHTATop C
bryuananpaLlo nerno, KoMTo paboTele npu HenpekbeHat
pexuMm Ha penctBue.  Pastopute  npepaboteHn B
lemeHTaTopa ce Cbbupaxa B pereHepauyoHHM CbaoBe,
kboeTo ce fobaBsixa BOfa W peareHTU A0 KEMaHWTe HWUBa.
KopervpaHute no TO3M HauMH W3nyreal pas3TBOpU Ce
BpbLUaxa 0bpaTHO B KOroHaTa.

PE3YNTATU U OBCBHXKOAHE

TpeTvpaHeTo Ha pygata 4pe3  acugodurHu
XeMonmMToTpohHM BakTepun Bele MHOMO ycnewHo. Hskomko
OHW Cried MbpBOHAYanHOTO TpeTupaHe, konoHata Gelwe
NTbTHO HaceneHa ¢ Takuea Oaktepun. Acidithiobacillus
ferrooxidans v Leptospirillum ferrooxidans 6sixa ocHoBuTE
MWKpOOpraHWsmu B uanyreawara cuctema.  O6LwoTo
KONMYECTBO Ha Te3n bakTepuu B LMpKynupaliuTe pasTBopw
Gewe no-sucoko ot 10° «knetkw/ml. Tonama u4acT oT
BaktepunTe bsxa 3ApaBO MPUKPENEHN KbM pyaaTa 1 TAxHaTa
yMcneHocT Haaxebpnswe 10° kneTkn/g pyaa B ropHuTE
CrOeBe Ha KonoHarTa.
3a no-manko ot 10 Mecela OT TpeTupaHeTo, belue u3BneyeHa
68,0% ot megra (dur. 1). OboraTeHute MegHW pasTBOPM
M3TWYaWKM OT KonmoHata Osixa TpeTupaHu edukacHo uypes
LeMeHTauMss M Mo To3M HauuH OGele nonyyeH MeaeH
KOHLeHTpaT cbe ChabpxaHue 80-82% men. KonuyectsoTo Ha
KOHCYMMPaHOTO METaJTHO Xens30 Mo BpeMe Ha LeMeHTauusTa
Bewwe okono 2.0 — 2.5 kg xens3o/kr meg.
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Queypa 1. N3nyeeaHe Ha medma (1) u cmeneH Ha cyngudHo
oKucneHue (2) upe3 xemonumompogHu bakmepuu

CbabpxaHNeTo Ha cyndmaHa cspa B pydata B kpasi Ha
n3nyrsaHeTo Ha megaTa bewe no-Hucko ot 2,1% B 1 ToBa ce
OTpassiBalle BbpXy CTEMeHTa Ha OKACMeHWe Ha cynduante,
kosto Gewe okono 55% (®ur. 1). [lpeagBaputenHute
EKMEPUMEHTH B Marku NepkoniaunoHHu konoHm (¢ 10 kg pyaa
BbB BCfKa) MOKasaxa 4Ye CTENeHTa Ha OKUCMEHWETO Ha
cyngmaute Belle focTaTbyHa 3a paskpuUBaHe Ha Mo-ronsma
4acT OT 3/1aTOTO OT CynduaHaTa MaTpuua. ToBa BEpOSTHO ce
AbiKewe Ha pakta 4Ye B MUPUTHUTE U U XamKOMMPUTHY
0bpasuy, NMpUCLCTBALLM B pydata, KakTo B MHOMO [pyru
nogobHu crnyyaun, 3naTtoto 6Oelle pasnonioKeHO [MaBHO B
AedekTHUTe MecTa Ha CyndmaHaTta KpuctanHa peletka W
Te3n mMecTa Bsixa NpeaMMHO aTakyBaHu OT XEMONUTOTPOHUTE
Gakrepum  (3). CromeHaTuTe noO-rope  NpefBapuUTENHM
€KCTIEpUMEHTI [OKa3axa Ye W3BMNYAHETO Ha 3natoTo OT
npeaBapuUTenHo TpeTupaHa pyaHa npoba Hagsuwasale 85%,
[OKaTO  eKcTpakuMsitTa  OT  HavyanHata  pyda, 0Oes
npegBapuTenHa obpaboTka, bewe no-manko ot 15%. belwe
OTYETEHO CbLLO, Ye CTEeNeHTTa Ha pasTBapsHe Ha 3naTtoTo U
cpebpoTo, nonyyeHa npu KOMBUHMPAHOTO XMMMKO BUOMOTMYHO
nanyreaHe, Gelle MHOrO Mo BWCOKA OT Ta3W MOMyyeHa npw
LinaHNpaHeTo, BLNPEKW Ye KpalHUTE CTENEHM HA U3BNUYaHe U
npu gBata Metoaa belle nogobHa.

CnepnBalloto M3BnuyaHe Ha GrnaropofgHute MeTanu oOT
npeaBapuTenHo TpeTWpaHata pyda Oele CbLO MHOMO
ycnewHo. (®ur. 2). Mo To3n HaumHa, 3a 25 pgHu, Gelwe
pastBopeHo 77.7% ot 3matoto u 554% ot cpebporto.
UncneHoCTTa Ha  HEXEenaHWTe  MUKpPODHM  KOHTamuHaTu,
pasBMBay Ce 3a CMeTka Ha Tuocyndara WM amuHo
KNCenuHUTE B Ta3n U3nyrsalla cuctema Belle HUCKA nopagu
CPEBHMUTENHO BUCOKOTO pH.
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®ueypa 2. N3snuyare Ha 6racopodHume memanu om
mpemupaHama pyoa

[poayKTUTE MOMyYeHN OT LeMeHTaLusaTa C pasTBOPEH LIMHK
Baxa CcMeceH 3naTtHO CpeObpeH  KOHLEHTpaT  KOWTo
CbAbPXKALLE CbLUO Mef W LMHK KaTo LEHHU KOMMOHeHTH. Teau
KOHUEHTpaTW MoraT fJa ce npepaboteaT uype3 Aobpe
M3BECTHUTE KOHBEHLMOHAMHN METOAM 3a M3BMIMYAHE Ha YNCTO
3naTo 1 cpedpo.

Pasxogute Ha peareHTM MO BpeMe Ha M3MyreaHeTo W
LleMeHTauusTa Ha bnaropogHn MeTanu ce paBHsiBalle Ha 4.1
kg amoHues Trocyndar, 0,25 kg npotenHos xugponusat, 0,8
kg megeH cyndpat u 0,14 kg MeTaneH LUMHK 3a TOH pyaa.



PesyntaTute OT TOBa MW3cneABaHe paskpueaT, Ye
W3BNNYaHETO Ha Med W GnaropogHu MeTanu ot Gorath Ha
MUPUT PYAM Ype3 MUKPOOPTaH3MM U HETOKCUYHW peareHTu e
TEXHUYECKM OCBLLECTBUMO W € eAuH exomnornyecku BesonaceH
HauuMH 3a NpepaboTBaHe Ha nogobeH Tvn pyau.
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A rich-in-pyrite copper ore containing also gold and silver as valuable components was treated by a two-stage microbial leaching. The leaching was carried out in a
percolation PVC column containing 30 kg of ore crushed to minus 10 mm. The ore was firstly leached by means of acidophilic chemolithotrophic bacteria and
68.0% of the copper was solubilized in this way within 10 months. At the same time, a considerable portion of the precious metals which initially were finely
disseminated in sulphide minerals was liberated from the sulphide matrix as a result of the bacterial oxidation. The dissolved copper was precipitated from the
pregnant solutions by cementation with metallic iron. The oxidized ore was then leached by means of alkaline solutions containing amino acids of microbial
origin and thiosulphate to solubilize the precious metals. 77.7% of the gold and 55.4% of the silver were solubilize in this way within 25 days. The pregnant
solutions were treated by cementation with metallic zinc to precipitate the precious metals as mixed gold-silver concentrates.

INTRODUCTION

Different acidophilic chemolithotrophic bacteria are able to
oxidize sulphide minerals to the relevant soluble sulphates (1-
2). Such oxidation is used commercially to leach non-ferrous
metals and uranium from mineral raw materials (ores and
concentrates) and to liberate gold, which is finely disseminated
in sulphide minerals (3-5). The liberated gold is then leached
by different chemical reagents (mainly by cyanides) and or
microbial metabolites. A very efficient leaching of gold from
different mineral raw materials has been achieved by means of
solutions containing amino acids of microbial origin and
thiosulphate ions as gold-complexing agents (4-7). Leaching
with such solutions is characterized by increased rates of gold
and silver solubilization compared to these obtained by
cyanidation. The final extraction of these metals by both
methods are similar. However, the reagents used in this
combined chemico-biological method are not toxic and the
method as a whole is economically more attractive than
cyanidation.

In this study a rich-in-pyrite copper sulphide ore containing
gold encapsulated in sulphide minerals was initially treated by
acidophilic chemolithotrophic bacteria to leach copper and to
liberate the gold. The ore was then leached by solutions
containing microbial amino acids and thiosulphate to solubilize
the gold.

MATERIALS AND METHODS

Data about the chemical and mineralogical composition of
the ore used in this study are shown in Table 1. Chalcopyrite
was the main copper-bearing mineral in the ore but secondary
copper sulphides such as covellite and bornite were also

present. The ore was rich in pyrite and the total content of
sulphides was about 10%. Most of the gold was finely
disseminated in pyrite and chalcopyrite. The main portion of
the gold particles was less than 1 micron. Quartz was the main
mineral of the host rock.

The bacterial oxidative pretreatment and subsequent chemico-
biological leaching of the ore were carried out in a PVC percolation
column with an effective length of 800 mm and a 95 mm internal
diameter. The column was charged with 30 kg of ore crushed to
minus 10 mm.

Solutions containing acidophilic chemolithotrophic bacteria,
iron ions (mainly in the trivalent state), some essential nutrients
(mainly ammonium and phosphate ions), essential nutrients
(mainly ammonium and phosphate ions), sulphuric acid and
dissolved oxygen were pumped to the top of the column at a
rate of 100 I/ton ore per 24 h. The pH of the columns effluents
was adjusted to values in the range of 1.7 — 1.9 by addition of
sulphuric acid. (MN,).SO ,and KH,PO, were added to produce
final solutions concentrations of about 0.50 and 0.10 g/,
respectively/ The column effluents were treated in BACFOX
units (8) in which the bacteria oxidized the ferrous ions to the
ferric state under conditions of intensive aeration. The
solutions were then recycled to the top of the column and were
circulated continuously in this way allowing copper, iron and
sulphate to accumulate. The pregnant column effluents were
treated by cementation with metallic iron when their copper
content exceeded 250 mg/l. The cementation was carried out
in a reactor with mechanical stirring using iron shavings to
precipitate the copper. The progress of the bacterial
pretreatment of the ore was followed by analysis of the
circulating solution for ferrous, ferric and total iron species,
copper and sulphate ions, pH, Eh and number of iron-oxidizing
chemolithotrophic bacteria.

Table 1. Data about the chemical and mineralogical analysis of the ore used in this study

Component Content

Component Content

Copper 0.32%

Silver 9.1 gt



Total sulphur 5.0%
Sulphide sulphur 4.7%
Sulphate sulphur 0,3%
Iron 6.3%
Sulphide minerals:

- pyrite 8.5%
- chalcopyrite 1.0%
- other sulphides 0.5%

After the sulphide oxidation and the copper leaching the ore
was washed several times with fresh water and then was
treated with solutions containing microbial protein hydrolisate —
1.0 g/l, thiosulphate ions (added as ammonium thiosulphate) —
15 g/l, copper ions (added as copper sulphate) — 0.5 g/l and
sulphite ions - 0,5 g/l. The pH of the solutions was maintained
in the range of the 9.5 — 10.0 by addition of ammonia. The
protein hydrolysate was a mixture consisting of protein
hydrolysates from waste biomass of three different microbial
species. The hydrolysates contained different gold-complexing
amino acids and were mixed together in suitable proportions.

The leach solutions were pumped to the top of the column
as a rate of 200 I/ton ore per 24 h. The solutions percolated
through the ore mass and dissolved gold and silver. The
column effluents were treated by cementation with metallic zinc
to precipitate the dissolved precious metals. The cementation
was carried out in a fluidized-bed cementator which worked
under continuous-flow conditions. The depleted solutions from
the cementation unit were collected in a regeneration vessels
where make up water and reagents were added to the desired
levels. The leach solutions adjusted in this way were then
recycled to the column.

RESULTS AND DISCUSSION

The treatment of the ore by means of the acidophilic
chemolithotrophic bacteria was very efficient. Within a few
days following initiation of the treatment, the column was
densely populated with such bacteria. Acidithiobacillus
ferrooxidans and Leptospirillum ferrooxidans were the
prevalent microorganisms in the leach system. The total
number of these bacteria in the circulating solutions was higher
than 10° cells/ml. However, most of the bacteria were firmly
attached to the ore and their number exceeded 10° cells/g ore
in the upper ore layers.

68.0% of the copper was leached from the ore within 10
months of treatment (Figure 1). The treatment of the copper-
bearing pregnant column effluents by cementation was also
efficient and cement copper concentrates containing about 80-
82% copper were obtained in this way. The consumption of
metallic iron during the cementation amounted to about 2.0 —
2.5 kg iron/kg copper.

The content of sulphidic sulphur in the ore at the end of the
period of copper leaching was lowered to 2.1% and this
reflected a degree of sulphide oxidation of about 55% (Figure

Gold 4.2 glt
Gold phases (in % from
the total gold content):

- free gold 0.5%
-gold  encapsulated in iron

hydroxides and oxides 12.2%
-gold finely  disseminated in

sulphides 84.8%
- gold finely disseminated in silicates

2.5%

Total 100.0%

1). Preliminary experiments in small percolation columns (with
10 kg of ore each) revealed that this degree of sulphide
oxidation was sufficient to liberate most of the gold from the
sulphide matrix. This was probably to the fact that in the pyrite
and chalcopyrite specimens present in this ore, like in many
other similar cases, the gold was located mainly in the deffect
sites of the sulphide crystal lattice and these sites were
preferentially attacked by the chemolithotrophic bacteria (3).
During the above-mentioned preliminary experiments it was
found that the gold extraction from such pretreated ore
samples exceeded 85%, while the extraction from the original,
non-pretreated ore was less than 15%. It was also found that
the rates of gold and silver solubilization obtained by the
combined chemical and biological leaching were much
higher those obtained by cyanidation, although the final extractions
obtained by the both methods were similar.
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Figure 1. Leaching of copper (1) and degree of sulphide
oxidation (2) by the chemolithtropic bacteria

The subsequent leaching of precious metals from the
pretreated ore was also very efficient (Figure 2). 77.7% of the
gold and 55.4% of the silver were solubilized in this way within
25 days. The number of undesired microbial contaminants
growing at the expense of the thiosulphate or of the amino
acids in the leach system was low due to its relatively high pH.

The products from the cementation of the pregnant column
effluents by Zn° were mixed gold-silver concentrated which
contained also copper and zinc as valuable components.
These concentrates can be processed by the well-known
conventional methods for recovering pure gold and silver.

The consumption of reagents during the leaching and
cementation of the precious metals amounted to 4.1 kg
ammonium thiosulphate, 0.25 kg protein hydrolysate, 0.8 kg
copper sulphate and 0.14 kg metallic zinc per ton of ore.



The results from this study revealed that the subsequent
leaching of copper and precious metals from rich-in-pyrite ores
by means of microorganisms and non-toxic reagents is
technically feasible and environmentally safe way to process
such ores.
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Figure 2. Leaching of precious metals fromthe pretreated ore.

Figure 2. Leaching of precious metals from the
pretreated ore
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	УВОД
	   Различни ацидофилни хемолитотрофни бактерии могат да окисляват сулфидните минерали до съответните разтворими сулфати. Такова окисление се използа промишлено за извличане на несъдържащи желязо метали и уран от минерални суровини (руда и концентрати) и за освобождаване на златотото, което е фино впръснато в сулфдните минерали. Разкритото злато след това се извлича чрез различни химични реагенти (главно цианиди) и или  микробни хидролизати. Много ефекивно извличане на златото от различни минерални суровини беше постигнато чрез разтвори, съдържащи амино киселини от микробен произход и тиосулатни йони като златокомплек­сиращи агенти. Извличането чрез такива разтвори се характеризира с увеличаване степентта на извличане на златото и среброто сравнено с тези получени при цианирането. Крайните степени на извличане на тези метали чрез двата метода са сходни. Обаче реагентите, използвати при комбинирания химико-биологичен метод са нетоксични като цяло и методът се явява икономически по-атрактивен от цианирането.
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	ABSTRACT
	A rich-in-pyrite copper ore containing also gold and silver as valuable components was treated by a two-stage microbial leaching. The leaching was carried out in a percolation PVC column containing 30 kg of ore crushed to minus 10 mm. The ore was firstly leached by means of acidophilic chemolithotrophic bacteria and 68.0% of the copper was solubilized in this way within 10 months. At the same time, a considerable portion of the precious metals which initially were finely disseminated in sulphide minerals was liberated from the sulphide matrix as a result of the bacterial oxidation. The dissolved copper was precipitated from the pregnant solutions by cementation with metallic iron. The oxidized ore was then leached by means of alkaline solutions containing amino acids of microbial origin and thiosulphate to solubilize the precious metals. 77.7% of the gold and 55.4% of the silver were solubilize in this way within 25 days. The pregnant solutions were treated by cementation with metallic zinc to precipitate the precious metals as mixed gold-silver concentrates.
	INTRODUCTION
	RESULTS AND DISCUSSION
	REFERENCES

