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l;l;n Temperature Nutrient Silver ion Copper Iron Cells
°O) medium (mg/L) recovery % recovery %  number (x107)
1 - - - - 46.57 29.01 32
2 + - - - 52.28 27.91 25
3 - + - - 55.23 38.82 29
4 + + - - 43.8 20.97 48
5 - - + - 51.16 31.29 20
6 + - + - 51.64 17.97 8
7 - + + - 50.67 29.77 56
8 + + + - 53.77 9.50 32
9 - - - + 68.71 37.89 32
10 + - - + 56.01 25.88 2.8
11 - + - + 53.36 20.76 32
12 + + - + 63.48 9.51 1.2
13 - - + + 55.12 27.99 52
14 + - + + 59.97 26.43 2.4
15 - + + + 64.27 16.91 56
16 + + + + 63.37 18.86 28
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Model Sum of Mean F Prob >F
Squares Square Value (P Value)

Cu Recovery (%)(14days) =41.93+2.45x4 Q) 16792 5 3358 3.6 0.0415
—1.56XB +0.48%XC +0.29%xD —1.33x4 xC
Fe Recovery (%)(14days) =15.03-2.89x4 —1.84%xB ) 325.01 6 54.17 19.02 0.0001
—0.81XC +0.74xD —2.03%A x B —1.81x A xC
Cu Recovery (%)(30days) =55.99-0.35x4 » 34452 4 8613  4.02 0.0300
+0.80% B +0.24xC +4.55%D
Fe Recovery (%)(30 days ) = 24.34—4.71x A
370%B —2%XC —131%xD —1.21xA X B @ 908.81 8 113.60  3.85 0.0462
+1.85%4 xD —2.81xB xD +1.52%C xD
Number of Cells (Cell /mL)(30days ) =29.70-8.93x 4
+7.93%B +2.10XC —1.55%D +3.30%A XB —5.28 X A XC ) 411278 10 41128  7.41 0.0196

—5.92xA4A xD +3.27xB xC —=2.08xB xD +4.35xC xD

Yy



PO G PF axdiwo (1FA9) | oplass 293 0995 w5 ilwlds (wiio 9 2 ole dypii ¢ pazmi) o o SSlio J i Soudi (o (5 dan]. £

Loa yasls —v-¥
PH s sl 50 58T 5 Gue (b5 s Les 3G
(7) S ol saal (0 B Y) el jo e buas g
Loa il 8l b o) s suslga o500 Lo 4S5 was oo Glis
5 BB O 4 pue LSk dase 00 4 EE )
Doo ¥ 4 Sl gle) il b el sl oo (il53)
2 oesde ol ue b3 63,k 5SE des sais
23 oAl 3L s Lo 53 () 5 () LS 5o o
0 S ol suel @S buae g pH Gilide sl
NA w5 PH 5 0:°C & Lo Gl b oS aas oo olis
ol wbige (RalS glbade LB laie © ol L35G
iS50 b pH Lo Les il oS el s 5o
Lok GaalS € cl K3 B sl pal oLk
Silo 5 cal Jolas ol 31 cds Csany Jals 4 ol
[¥A] Crundwell slaa il ool cowgla JSis
cosnsSIE cala 5o Jyl daye oS s plis
Cu-S w gy 3 a9 dla 5o g Fe-S w50 (3

Sl
buns ;o pH 5 Leu (il 58 oS sas oo olas (o) K
o oAl (2oL (RS i 4 saie 4K eig
Olose ORal38) € sas e plad pesse ) au S
Sl olulbdl 4 sade PH 5 Loy (Pase slSa
YU Sinnd ol ool 5o 0T o asMe a8 e ual
YL olll) buas shaksrlanns) duaslly Gos
JSES 5o aclie Jole oo Las 5 (K058 sl
ok sfedn A L wa s (nl ais Sl
530 wa S awnl YU gles 5 aby oley Lu oal
oo © ol isualie Lol YU PH Lo Les il
- oalS Al SLoL PH Galisl b YL sles o S
Sbsw, JSE5 £ Gl 5 ( Sla o< (1 JSE) Wb

vl gl
LT 5 ook LeasiSh a5 culad 5 age 28 Lo
Gl 5wt 4 Luls oo 5 e susane S Ly
OoseslasnS] gl s sloo [YA] wiiua Lauad s
sgan Juine sleldse s gl wilyw 5 508 oAl

ugs sles 31 Soul slales Lo ol €0-00°C

sbal— § gaeulases! Jaeasliy ol paais Y-
Josas

s Sbae (ORP) Lal = pradasnss) Jeuuiliy
aly ol GaSH Gal s GBS ln Jslas
mS sl ol S5 L deily (Selusge s
Ol cies )y dalas b s Fe?'>Fe’ + e <y

IYY V] o g oo

a, . . R. >
EH:E;I+R'TIH[F" }:E;{+R Tln fe (\\)
a

n.F n.F  |Fe*

Fe*

S GV ] d plasd O ol 4 &
oy sl F sl slos T a3 cull R i oliass
5 bl (S0, Jailly oS5 w0 E 5 K
By olate ol Fe't/Fe? pSgu, cda Jeasliy
/v kmol/m® HySOy Lo EI) Llais 5 aly /WA
cun s adg NV ugaa 5o ) atm  YAA K sles

«eeal (SHE) ,3.550s8 3 laslial o i<
~OsmelinS) Juilly oS aas (o gl (V) K
ssan Lans B aly Gl Yoo sgaa 3 lune sloal
Ol 8 (AZ/AZCL 5 i ian ) oty Lo Ve
© o sles oSt 5 pab (Gl gl b
Llse ) mars Ho ol gL bug S5
soliial 5,8 L5l 3 € Sleduley] Lo pnds
€ wle Gl 0 lns Joilly ol su
958 sl oSl QLIS 5 6,8 e 8B 5 il
cral sols ol ahiis lallas ol Lo,iSU dliw g
09 o sl SYse /o0 Go/oy B YL clile
che Oud Jbd e case (Sl et
o3l Gl s edle VYY) spdie cnom SIS
clesSh calld JialS cage 58 sl olile
ol Kaa 5 Hiroyoshi [¥1] su S o 50 Saal g
agan) Jaeslly 5 (gugans disly Ho < wials LES [YV]
S pee Pl £ (AZ/AECL s 5 6o MV

YA



PO G PF axdiwo (1FA9) | oplass 293 0995 w5 ilwlds (wiio 9 2 ole dypii ¢ pazmi) o o SSlio J i Soudi (o (5 dan]. £

70

60—

After 30 davs
T {
of T

After 14 (‘L’E’,/—/'I
40 4 E//
pH =1.50

Nutrient medium = Nomis
30 Ag =No

T T L]
A4 47 50

Cu recovery (%)

A: Temperature (°C)

8350 5VF (sl 00 5u ue (2l s Lea L8l o(Y) K

B: pll

mB-1I
A BH1E

Fe recovery (%)

Nutrient Medium = Norris
Ag =No

T T T
14 47 50

A: Temperature (°C)
VF o0 50 oAl sl s H 5 Loy Jilase L3l o(2) <
Norris i< buas 5859,

254 B:pH
204
B
< os
t 5
12
=
1
4 10
2 mB-12
z 4D L8
5
Nurrient Medium = 9K
Ag =No
0

T T T
44 47 50

A: Temperature ("C)

VY o550 o0 oal (@bl 5 PH 5 Lo Julaie 580 1(0) U<
gK@iS.EfMJG:)J‘)

204 C: Nutrient medium

Cell density (1107 cell/ml)

T T T
1 47 30

A: Temperature (°C)
LS Lasas o g SL alaas s Les 58G:(1) U<

.(b‘}JJV' bJJJ)bﬁbJﬂJPJ;ﬂS&A

"

slabes Lo (Jy wa e Jlad 2 L€l Sos
Jo T wigoin o O wagans T 51 YL

i€ buae Hu Les (iul 84S aas e Glas (V) S
S Lo 00 L oo LpsSL slass (ualS 4 jaie AK
@dS bas g5 59 58 5o Les Glul ) o B a9
slass iAo S LeySL o ulaas ualK Cage
S gl e S8 Bl 4 bl gl o L Sk
el L 8L wd) gl sosre selie s

S5 sl YL cble 5 YU pH Lyl was
Wl eigesee € pal guaSma ol
[EVEV] WS oo gy ) dhaly Gubo ol cips g5l
3Fe’™ +2S02 +6H,0+M* — MFe, (SO, ),(OH), +6H* (1Y)

aol s .ail NH] L Nat K+ wlg oM g7 jo«S
OS5l S8 sl g BAS (g 0ol (BT
Dl dl ol b cwd o SIS
38l e gy JSES oS la Ha cenls (LS e oy SIS
petle o gl 8 e g0 b Gue a8l
O o ol hly aa leasSly wjls Suadd
S USES 4 saie o SIS b opslae 5o S5
OB ol S sl o el a8 o0 Sy ol g 5B
S adl g s (55 cngola s G 51 S
ook & arn co o SIS phas 0 b 5 00 S
ot See p (S3slan bl b ol JalS Gis S
S wle v @258 (Sosb s Ol 4l 50 5 908
sl 03589 5 coSsls che © LS el )
gl ) Sl oY sans 5wl pha 4 S8
[£Y] ol Kaa 5 Cordoba [£Y] uiS Lo i gia |, SIS
Lesih cate 535 ssa s b oS mu S ol (88T o
AL i pe o5 Gal e ilsl Fe'l g
Coes JSES G sade S 0 gl (oo a9 (phiad
Wl aSee cangpls cose o S5 sles
adiy o 2l G ) oS sla gy 4 Wl sl
oAl chlt s SIS el cha o, Sl

il Sides gaa Slals



PO G PF axdiwo (1FA9) | oplass 293 0995 w5 ilwlds (wiio 9 2 ole dypii ¢ pazmi) o o SSlio J i Soudi (o (5 dan]. £

= 60 B: g
= 504
U
S 404
X
= 304
=
2 209 mB-12
= 10 & B18
f Nuient medium = 9K
0 -1 Ag =No
T T T
44 17 50

A: Temperature (°C)

5559 53 L SL olas3 5y Los 5 PH Julaie 533 (A) U<

o590V

CudiS Jasns ¢ g3 Haili-rof

c:b].‘q C“).Ll.u‘ L) sulaiol AN (SLQ.A.AA:UKJ‘J‘)S:\A

oLty 5 pealplie sl (olie s wieils
)J.A:\LJB:JG-‘JJ—U nl:th.ué “5\9:\3\9.;“ CAL.\:\S‘)S REYYPIY)
VY] el 55 05 50 L 5SL cullad 5 o) g p e
> ook 5l 0°C B ogs sl wals Lo K @
oinl3il ool Lol was so (ialS ga s BB LIk o 1,
oal 2Ll » @b b Norris S buae o
JSas bl i Goes Sowlie ((2alS cpl Lly sl
el o Jolae 3 pal Bis el Sl
S 5o Lol Las s pane slSa glaae il
© e NOITES i€ layae 538 Sl 4358 (388
(ome (2Ldk) Baa e 5 0T 585 Guss 5L 5 9K
sl Sl gas ,u NOITIS @S laias 51 suliil
FSoslie il @ Jbiae Jidse 5 sl iSL L e

o &3 sl -r-0
sal&ical oy sSIS ol 3al sla,al, 5 LS
0,8 wile 318 slgh e O das (555040 EE )

el

(V6 Do) S Gle)y o &S aase plas (1) JS

pH il —v-v

LesiSL o ad) sl poY kb couulio pH ailas
r ol Siaalen wulid oo obl el
Sngs dal Suaadon 50 age lanilE)ly Sae
[VA] cd Y/o B Y disls o Ll g pH 5 witeua
LS Cgs 5 Dalgoaaa 51 ,Ssla sl pH U3
SS8L S B g o gl SIS 4 sk S Sy
PH Lo «€ cul sl lis olBdas 5 cul Sl
Caom SIS Pl 5 Guwsola sl Yo 5 3L
il o 558 sl
el saaT (V) S o Gue b s gl pH LG
8590 Yo 9 VE 8,50 90 A o S ssd o saalin
S Gae 2Ll s s30b 5SE s pH 233l
© base pH ol slads, oo € ol S5 4 a3y
callad gl 5 Olod @mdS L Lol wly oo Gl s
sledssly alal 5 Hedlenw euiS sl gl SL
'Afl:‘f L;-.MS OT ‘)‘JE.A @).ﬁf ‘J:u.u‘ PR x_é‘).a.a.o
@l € sy can L ol (Sas baas pH (ualK
BV YYPISY. - PR NV VPV S P PSS
SB[V T I8 s S JUEH 6 ety (5L s 5
2ol e 585 5 5 Ly cullad s oul pH i
I Sotad ool (Sae Lol pliard e Sil33l
G0 gl g0 sl (A) K Lo godse oyl S A
ciS buas o pPH Ll 58 o s o saaline S5, 5k

70
60 =
< After 30 days
> 50
E Afier 14 days
© 404
Temperature = 47°C
Nutrient medium = Nomis
30 Ag =No
T T T
1.2 1.5 1.8

B: pH

Yo sV slas s e pue (abSL » PH b (V) K

8590

R



PO G PF axdiwo (1FA9) | oplass 293 0995 w5 ilwlds (wiio 9 2 ole dypii ¢ pazmi) o o SSlio J i Soudi (o (5 dan]. £

Sl Gl gas BB b 4 SIS
Lol Qb s 008 Galsal € w8 ol olEas
suarez .41y cum SIS cabla Gial33l s S L350
piras o3 8,8 (slgh g oS Wals GLES [EA] ), |Sen
3 65T slebna Gl sl (U8 550) Sunal s sl
S osdige cage W (nl Dsda 5 Bl o S
saac e iy Gygad 4 coon SIS Gud Jlad e
T8 50 o lob 5 adlbige OF Guss 2 uda o8
obas [6+] swl,Kaa 5 Yuehua oS o jSeasns |,
Olsie w8 gsla sl BliS 51 )55 pe «S winly
sl sl Suaalsn o 53 5 ool Lol S

23 gad aolail u_"sg_&gﬂls

707
Temperature = 47°C
pH=135
60 Nutrient medium = Norris
< After 30 days
[ ~
E 504
2
2
3 L Y
~ - ~
i [ Afier 14 days L
304
I 1
No Yes

D: Ag

Yoo VP slas 0 o pue oboL L s L3l (4) K

8590
40 D: Ag
304
=
<
%.
2 20
S m D1 No
B A D2 Yes
o Temperature = 47°C
104 Nutrient medium = Normis
00—
) 1 1
1.2 1.5 1.8

B: pH

23081 bk s PH 5858 Gl ol 585 :(V+)

SXSARNESTN]

bl

Lok oIl s e BB 8B eE e ol
o8 (859, ¥ 8559) @ae SVsb o Ll wlas Gue
032 5ol OB Ll e (3L e 15 58T Gt
50 (V) dolae 50 D uade YL cos Lo a8
8 RS g0 padiie

GalS (o) slads, s esB il oS 53l s
08 slpg O AU conn Jids & LpSL callad
SOk 8 sl b LS ple) wad b ol
seaa 53 Ol GoenlBIS 8 s @y Bl
O 9sas bbb Gl e DS g, SL
Ol 58 a8 co saaline (VY) S o &S (g shilan
Slaas (ualS cage (SYsh Gle) Sue 5 Ja 88 (s
S aag e olaan (Vo) KBk 5 os S e LSl
ol ohalS case YL PH 5o 658 G5 Gas38)
5008 sl (msmren 0 GRalS Gl el sui Gal
g ge 83l Cad 858 cagola S5 5 oal

Y U3 [so] Portillo 5 Miller ks 3k s
Olsie © cosm SIS w5, (AZS) 0,8 wil s
el oloa Lo sad wlg ool JlEml gl JUK
e 5 g adas o gyl | SIS Sl 5 0K o Jae
s Slee a3l wlad o S5l SIS ad s
L Golbe couom SIS cablla 5o 6,8 (55504018

el 3 sleaSl
CuFeS +4Ag" —Cu’* +Fe’* +2Ag,S (\Y)

AZ" slgs Toame 5 sl 15 ADS S5 slesss
100 S p0 2l

Ag,S+2Fe”" —»2Ag" +S° +2F¢” (Ve)

VE LuSly s 5 S8 sl w8 Lo ish s
NGV BT VPRV K I T B KEV EOY )
Agh € suS ols [£1] owl,ea 5 Hiroyoshi
Cols (a8 00518 5 (Sl Jaeailly (il e
o mbige GBI Gue ghatul (T o «S Ll
o8 «S waly olas [¢v] Tuovinen 5 Ahonen .o g
Gl Gl coge 4 0B Gl dg 8L pa

S e € sl g Sl b



PO G PF axdiwo (1FA9) | oplass 293 0995 w5 ilwlds (wiio 9 2 ole dypii ¢ pazmi) o o SSlio J i Soudi (o (5 dan]. £

sl Sl gas u NOITIS i laas 51 suliil

Fowlie e 4 Jhee Jadse s sl iSL L ue

Sl
G2 o2 5 (VY) ol PH aly o 58 -
il oo GRalS (g adia b 4 L SSL slasd & 8

haysS g ySuis -0

Sl culea Sl aS Wil e (258 0 s GBULL 5
sgas iy Logads glyl e gle L
5 508158 858 adia yuu Gus pdine (555 100 5500
OIS g5y Geadl 5 Pane plis suSiagly oLOL
alad JSE3 Gl S Al wagd o3l ()l sa

&l

[1] Habashi, F, (1978), “Chalcopyrite; its
Chemistry and Metallurgy” Mac-Graw Hill.

[2] Habashi, F, (2006), “Chalcopyrite:
Bioleaching versus Pressure Hydrometallurgy”
International Conference of Metallurgy of the
XXI Century, Almaty.

[3] Mc-Millan, R. S., Mackinnon, D. J. and
DUTRIZAC, J. E, (1982), “Anodic dissolution
of n-type and p-type chalcopyrite” Journal of
Applied Electrochemistry, 12 , 743-757.

[4] Blazquez, M. L., Alvarez, A., Ballester, A.,
Gonzalez, F., Munoz, J.A, (1999),
“Bioleaching Behaviour of Chalcopyrite in the
Presence of Silver at 35° and 68°C”

Biohydrometallurgy and environment, part A ,
127-137.

[5] Pradhan, N., Nathsarma, K.C., Srinivasa
Rao, K., Sukla, L.B., Mishra, B.K, (2008),
“Heap bioleaching of chalcopyrite: A review”
Minerals Engineering, 21, 355-365.

[6] Qiu, M., Xiong, Sh., Zhang, W, Wang, G,
(2005), “A Comparison of Bioleaching of
Chalcopyrite using Pure Culture or a Mixed
Culture” Minerals Engineering, 18, 987-990.

[7] Fu, B., Zhou, H., Zhang, R., Qiu, G,
(2008), "Bioleaching of chalcopyrite by pure

60

50

40

30

20

10 Temperature = 50°C
pH=1.50
Nufrient medium = Norris

Cell density (1107 cell/ml)

No Yes

D: Ag

8590 ¥+ 8559 53 L iSh slasd s 0,8 586 (V) S

S pa ¥

slasleyl alasl 3 Juals wli 3das ool Lo
ol du bl Ho lle £ oS o) 86
saliinl b (5 SIS (sla o 5BLiS 5l Gue Sunad s
Oboo O soliial b Juiae Jad s 53 (sl iSL b slas 5l
25 Ll 5 ad Qo) s dalas bl 5aUT
el Erus

g bl oS ol L Lassls 3lUT 5 bl -
PH ©-°C glos (us YL oboL 4 (ol ¢l
8,58 5 5lBIK jeaa g Norris i buas VA @yl
saal ety (2LOL Ialod Col 5o 5 ol (Y- mg/L)
Oeoids Sl e ) S0 sgaa jo Jus )
slos oo A solad Gibedl Lo (14) Lue oLsL
mg/L ,saa 5 Norris i< haas /Y pH £¢°C
il Jeala o8 Y-

Oasas LBl cyge yo S ad sualiie -
21 8b ot B 5B Gusl et
ol e (LS50

4 yaie AK e haas JupH 5 Les il 8l -
S 5 (Sl S s Spe ool (obsl was rals
REO VY A PRV

Coly 5o 23S b p s 5B S b padie -
OB 59 b 55k pee (2Ol 2 0 PC B EE ples
4 e NOITES =S fasae 518l 458 (388

(oo 2LOL) CBua suiie 5 0T 5B Guss 5,0 59K

Yy



PO G PF axdiwo (1FA9) | oplass 293 0995 w5 ilwlds (wiio 9 2 ole dypii ¢ pazmi) o o SSlio J i Soudi (o (5 dan]. £

Sulphide Minerals” Hydrometallurgy, 62, 67—
70.

[17] Ranjbar, M., Schaffie, M., Pazouki, M.,
Ghazi, R., Akbary, A., Zanddevakili, S., Seied
Baghery, S.A., Manafi, Z., (2007),
“Application Potential of Biohydrometallurgy
in the Iranian Mining Industry” Advanced
Materials Research, 20-21, 38-41.

[18] Brierley, C.L., and Briggs, A.P., (2002),
"Selection and Sizing of Biooxidation
Equipment and Circuits", In: Mular, A.L.,
Halbe, D.N., Barret, D.J., (Eds.), Mineral
processing plant design, practice and control.
Society of Mining Engineers, Littleton, Colo.
1540-1568.

[19] Wang, Sh., (2005), “Copper Leaching
from Chalcopyrite Concentrates” JOM, 57-10
48-51.

[20] Gomez, C., Figueroa, M., Munoz, j.,
Blfizquez, M.L., Ballester, A., (1996),
“Electrochemistry of Chalcopyrite”,
Hydrometallurgy, 43, 331-344.

[21] Rossi, G. (1990), "Biohydrometallurgy"
McGraw-Hill, Hamburg, New York.

[22] Dutrizac, J. E., (1989), “Elemental Sulfur
Formation During the Ferric Sulfate Leaching
of Chalcopyrite” Can. Metall. Q., 28, 337-344.

[23] Hackl, R.P., Dreisinger, D.B., Peters, E.,
King, J.A., (1995), “Passivation of
Chalcopyrite during Oxidative Leaching in
Sulfate Media” Hydrometallurgy, 39, 25-48.

[24] Lu, Z.Y., Jeffrey, M.I.,, Lawson, F.,
(2000), “An Electrochemical Study of the
Effect of Chloride Ions on the Dissolution of
Chalcopyrite in Acidic Solutions”
Hydrometallurgy, 56, 145—155.

[25] Price, D. W. and Warren, G. W., (1986),
“The Influence of Silver lon on the
Electrochemical Response of Chalcopyrite and
Other Mineral Sulfide Electrodes in Sulfuric
Acid” Hydrometallurgy, 15, 303-324.

[26] Parkera, A. J., Paul, R.L. and Power, G.
P., (1981), “Electrochemistry of the Oxidative

ry

and mixed cultures of Acidithiobacillus spp.
and Leptospirillum ferriphilum" International
Biodeterioration & Biodegradation, 62, 109—
115.

[8] Qiu M., Xiong, Sh., Zhang, W, (2006),
“Efficacy of Chalcopyrite Bioleaching using a
Pure and a Mixed Bacterium” Journal of

University of Science and Technology Beijing,
13, 7-11.

[9] Akcil, A, (2007) “Role and Contribution of
Pure and Mixed Cultures of Mesophiles in
Bioleaching of a Pyritic Chalcopyrite
Concentrate” Minerals Engineering, 20, 310—
318.

[10] Hugues, P.D, (2002) “Continuous
Bioleaching of Chalcopyrite using a Novel
Extremely Thermophilic Mixed Culture” Int.
J. Miner. Process., 6,107—119.

[11] Kinnunen, P. H.-M., Puhakka, J. A,
(2004), "Characterization of Iron- and
Sulphide =~ Mineral-oxidizing =~ Moderately
Thermophilic Acidophilic Bacteria from an
Indonesian Auto-heating Copper Mine Waste
Heap and a Deep South African Gold Mine" J
Ind Microbiol Biotechnol, 31, 409—414.

[12] G. J. Olson - J. A. Brierley - C. L.
Brierley, (2003), "Bioleaching review part
B:Progress in Bioleaching: Applications of
Microbial ~Processes by the Minerals
Industries" Appl Microbiol Biotechnol, 63,
249-257.

[13] Tributsch, H., (2001), “Direct Versus
Indirect Bioleaching” Hydrometallurgy, 59,
177-185.

[14] Suzuki, 1., (2001), “Microbial leaching of
metals from sulfide minerals” Biotechnology
Advances, 19, 119-132.

[15] Sand, W., Gehrke, T., Jozsa, P.G., and
Schippers, A., (2001), "Biochemistry of
bacterial ~ leaching-direct  vs. indirect
bioleaching", Hydrometallurgy, 59, 159-175.

[16] Boon. M., (2001), “The Mechanism of
‘Direct’ and ‘Indirect’ Bacterial Oxidation of



PO G PF axdiwo (1FA9) | oplass 293 0995 w5 ilwlds (wiio 9 2 ole dypii ¢ pazmi) o o SSlio J i Soudi (o (5 dan]. £

Biohydrometallurgy and the Environment
Toward the Mining of the 21" Century, 209-
217.

[36] Kawabe, Y., et al., (2003), “Inhibitory
Effect of High Concentrations of Ferric lons
on the Activity of Acidithiobacillus
ferrooxidans”, Bioscience and Bioengineering,

96- 4, 375-379.

[37] Hiroyoshi, N., Miki, H., Hirajima, T.,
Tsunekawa, M., (2000), “A model for ferrous-
promoted chalcopyrite leaching”
Hydrometallurgy, 57, 31-38.

[38] Crunwell, F.K., (1988), “The Influence of
the FElectronic Structure of Solids on the
Anodic  Dissolution and Leaching of
Semiconducting Sulphide Minerals”
Hydrometallurgy, 21, 155-190.

[39] Acevedo, F., Gentina, J. C., (1989),
“Process  Engineering Aspects of the
Bioleaching of Copper Ores”, Bioprocess
Engineering, 4, 223-229.

[40] Bosecker, K., (1997), “Bioleaching:
Metal Solubilization by Microorganisms”
FEMS Microbiology Reviews, 20, 591-604.

[41] Daoud, J., Karamanev, D., (2006),
“Formation of jarosite during Fe2+ oxidation
by Acidithiobacillus ferrooxidans” Minerals
Engineering, 19, 960-967.

[42] Watling, H. R., (2006), “The Bioleaching
of Sulphide Minerals with Emphasis on
Copper Sulphides - A review”
Hydrometallurgy, 84, 81-108.

[43] Cordoba, E. M., J.A. Muioz, J.A.,
Blazquez, M.L., Gonzalez, F., Ballester, A.,
(2007), “Leaching of Chalcopyrite with Ferric
Ion. Part IV: The Role of Redox Potential in
the Presence of Mesophilic and Thermophilic
Bacteria” Hydrometallurgy, Article in press.

(5‘)\9‘;\.5)) ‘(\YVQ) ;.‘: )‘:4\9 ‘.‘a °d‘~.)‘:"‘\9‘ “) )‘:4\9 [ii]
5 gl slasls ol laml welosllbie o s sSae
OoE Gelaa

[45] Ballester, A., Blazquez, L.M., Gonzalez,
F., Munoz, J.A., (2007), "Catalytic Role of

Leaching of Copper from Chalcopyrite”
Journal of FElectroanalytical Chemistry, 10,
305-316.

[27] Lu, Z.Y., Jeffrey, M.L., Lawson, F.,
(2000), “An Electrochemical Study of the
Effect of Chloride Ions on the Dissolution of
Chalcopyrite in Acidic Solutions”
Hydrometallurgy, 56, 145—155.

[28] Stott, M. B., (2000), “The Role of Iron-
Hydroxy Precipitates in the Passivation of
Chalcopyrite during Bioleaching” Minerals
Engineering, 13 No. 10-1,1117-1127.

[29] Sandstrom, A., Shchukarev, A., Paul, J.,
(2005), “XPS Characterisation of Chalcopyrite
Chemically and Bio-leached at High and Low
Redox Potential, Bioleaching of a Complex
Sulphide Ore With Moderae Thermophilic and
Extreme  Thermophilic =~ Microorganisms",
Mineral Engineering, 18, 505-515.

[30] Elsherief, A. E., (2002), “The influence of
cathodic reduction, Fe2+ and Cu2+ ions on the
electrochemical dissolution of chalcopyrite in

acidic solution” Minerals FEngineering, 15,
215-223.

[31] Third, K.A., Cord-Ruwisch, R., Watling,
H. R., (2002), “Control of the Redox Potential
by Oxygen Limitation Improves Bacterial
Leaching of Chalcopyrite” Biotechnology and
Bioengineering, 78- 4, 433-441.

[32] Hiroyoshi, N., Kuroiwa, S., Miki, H.,
Tsunekawa, M., Hirajima, T., (2007), “Effects
of Coexisting Metal lons on the Redox
Potential Dependence of  Chalcopyrite
Leaching in Sulfuric Acid Solutions”
Hydrometallurgy, 87, 1-10.

[33] Dutrizac, J. E., (1982), “Ferric Ion
Leaching of Chalcopyrites from Different
Localities” Metal. Trans. B, 13 , 303-309.

[34] Munoz, P. B. et al., (1979), “Reaction
Mechanism for the Acid Ferric Sulfate

Leaching of Chalcopyrite” Metall. Trans.B,
10B, 149-158.

[35] Howard, D. and Crundwell, F. K., (1999),
“A  Kinetic Study of the Leaching of
Chalcopyrite with Sulfolobus metallicus”

re



PO G PF axdiwo (1FA9) | oplass 293 0995 w5 ilwlds (wiio 9 2 ole dypii ¢ pazmi) o o SSlio J i Soudi (o (5 dan]. £

Microbiological Leaching of Finely Ground
Chalcopyrite containing Ore Materials in
Shake Flasks” Hydrometallurgy, 24, 219-236.

[48] Lopez-Juarez, A., Gutiérrez-Arenas, N.,

Rivera-Santillan, RE., (2006),
“Electrochemical Behavior of Massive
Chalcopyrite  Bioleached Electrodes in

Presence of Silver at 35 °C”, Hydrometallurgy,
83, 63-68.

Silver and Other lons on the Mechanism of
Chemical and Biological Leaching" E.R.
Donati and W. Sand (eds.), Microbial
Processing of Metal Sulfides, 77-101,
Springer.

[46] Hiroyoshi, N., Arai, M., Miki, H.,
Tsunekawa, M., Hirajima, T., (2002), “A New
Reaction Model for the Catalytic Effect of
Silver lons on Chalcopyrite Leaching in
Sulfuric Acid Solutions” Hydrometallurgy, 63,
257-267.

[47] Ahonen, L., Tuovinen, O. H., (1990),
“Catalytic  Effects of Silver in the

Optimization of Copper Concentrate Bioleaching by Mixed Moderate

Thermophile Bacteria

Ali Ahmadi"z, Mabhin Schaffie*? , Zahra Manafi* , Mohammad Ranjbar5

1.Ph.D student of Mining Engineering & Member of young researchers Society, Shahid Bahonar University of Kerman.
2. Mineral Industries Research Centre (MIRC), Shahid Bahonar University of Kerman

3. Assistant Professor of Chemical Engineering, Shahid Bahonar University of Kerman.

4. MSC, National Iranian Copper Industry Company, Sarcheshmeh.

5. Professor of Mining Engineering, Shahid Bahonar University of Kerman.

ARTICLE INFO

ABSTRACT

Article history :

Received 31 May 2009

Received in revised form 23 Feb. 2010
Accepted 5 May 2010

Keywords:

Bioleaching

Moderate thermophile
Copper concentrate
Optimization

The main objective of this research was to study the
bioleaching
concentrate by mixed iron- and sulfur- oxidizing bacteria.
Experiments were designed using a full factorial design
program. The effects of temperature, pH, nutrient medium
and silver ions on the iron and copper recovery from
chalcopyrite
concentration were considered. The experiments were
carried out at a pulp density of 10% (w/v) using shake
flasks in incubator (150 rpm) for 30 days. Several models

of  Sarcheshmeh chalcopyrite copper

concentrate as well as on the cell

have been developed between the target variables and
relevant parameters by means of variance analysis using
the Design-Expert software. It was found that the
maximum copper recovery can be achieved under the
following optimum conditions: T= 50°C; initial pH= 1.8;
nutrient medium= Norris; silver concentration, 30 mg/L.
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