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(Microcosm)& ©]&3le] @ o2 nE Ho| &2 9 £55 Zo AFsggd w2 23 EHY
A& A A vk AHUEAEANA £ A = IE]°}(M1crocosm)7} FFF72(10~20 mM)
g 01%0}04 4Aste 5o AEHozHE Ho £F 9 24 29 AL ICP, XRD, SEM-EDX
2 TEMS 01%8}04 @?8}%14 a Ay EH Ao AhE AFEAAERA  AES =100 - )T A
E‘M s olE Y1 U4 9 34 24 A 5 9 23 B PE4EE 4T EH,
Ao §& AP T Uwgﬂﬂxu Ehe 714 274 4250 mvel A -520 mV 7HA] 7433, pH
73904 557HA Zasanh 8714 404 wegoly &%) wit 1594 AP ozEE o4
ppme FeZ £%35oH, degolrt gle §714 24 oA E 09 ppme Fed £5& 2o
th 2714 A wEEole] B wel AHYFoZHE 15Y94 107 ppme FeE $&319dh
oS AZEA 190l A AMAME tAEAA §E5H e Ferl 714 2ddME 57
ppm& Ferl, 87|14 A8 oA = 6.5 ppm9 Fe 2t EX3H ). gl golrt vds = 5 $&9
Aol ZHae 2454 P40 Hol 4nE Ao ARHM, 37| 2AsME AL 24 &
A AL HAFAT v 3t AFHRREY HH Wi £22 rAEY 5 B 1
AEA A 9] d98tal 2AENPHD)S W3 2 F7182 4sle] W2 F7149 P4 7]9E Az
AEHEY nAES o]8% AR Z}Q&IEETH o] &% o nAHAY 22}%%4_4 HA4L oA
B9 §FE Yol Ao &g 223 9TL 9T Byt OME} oAy EL o] 43 FEEAY
Z(Bioleaching) & A} F3}2t&o] M2 FEo| A 715A4E AAETH

70| 424, BHHo}, ATHH §F, 4, ARHAE

ABSTRACT : 1t is in its infancy to use bacteria as a novel biotechnology for leaching precious and
heavy metals from raw materials. The objective of this study was to investigate biogeochemical proc-
esses of iron leaching from magnetite reduction by iron-reducing bacteria isolated from intertidal flat

sediments, southwestern part of Korea. Microbial leaching experiments were performed using commer-
cial magnetite, Aldrich magnetite, in well-defined mediums with and without bacteria. Water soluble
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Fe production was determined by ICP analysis of bicleached samples in comparison to uninoculated
controls, and the resulting precipitated solids were characterized by X-ray diffraction (XRD) and
scanning electron microscopy (SEM). The extent of iron leaching from magnetite in the aerobic
conditions (Fe = 107 ppm) was higher than that in the anaerobic environments (Fe = 94 ppm). In the
anaerotic conditions, Fe(Ill) in commercial magnetite was also reduced to Fe(Il), but no secondary
mineral phases were observed. Amorphous iron oxides formed in the medium under aerobic conditions
where there was sufficient supply of oxygen from the atmosphere. SEM observation suggests that the
reduction process involves dissolution-precipitation mechanisms as opposed to solid state conversion of
magnetite to amorphous iron oxides. The ability of bacteria to leach soluble iron and precipitate
amorphous iron oxides from crystalline magnetite could have significant implications for
biogeochemical processes in sediments where Fe(lll) in magnetite plays an important role in the largest
pool of electron acceptor as well as the tool as a novel biotechnology for leaching precious and heavy

metals from raw materials.
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la spe @714 27 dtedA AEH o2 HH
A& £E30, old 8§59 FL FTEAY o
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Fig. 1. SEM (A, C) and EDX (B) analyses of Aldrich magnetite.
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0.4 K;HPO; - 3H,0. 7.2 HEPES (hydroxyethyl-
piperazine-N’-2-ethanesulfonic acid), 1.0 rasa-
zurin (0.01%), 0.5 yeast extract, 10 trace min-
erals, 12]il 1| vitamin &% (Phelps er al,
1989). AAH <A (ol: anthraquinone disulfonate,
AQDS) Y LA (e: cysteine) 5 A EHl
Ao A7LsEA] %9kth. Trace mineral |9 &
e e AE Tgstn Qok(g/L): 1500
Nitrilotriacetic acid, 200 FeCl, - 4H,O, 100
MgCl, - 6H,0, 20 sodium tungstate, 100 MnCl,
*4H,0, 100 CoCl,* 6H,O, 1000 CaCl, -
2H,0, 50 7ZnCl,, 2 CuCl; - 2H;0, 5H3BO;, 10
sodium molybdate, 1000 NaCl, 17 Na;SeO;, 24
NiCl, - 6H;0. I}l &4& thg3h 22 A%
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acid, 0.1 B6 (pyridoxine) HCI, 0.05 Bl
(thiamine) HCI, 0.05 B2 (riboflavin), 0.05 nic-
otinic acic. (niacin), 0.05 pantothenic acid,
0.001 B12 (cyanobal- amine) crystalline, 0.05
PABA (P-aminobenzoic acid), 0.05 lipoic acid
(thioctic). MA Evl A 2} Aldrich A& 49 W=

Fig. 2. Microbial leachmg of iron from Aldrich magnetlte under aeroblc (left) and anaeroblc (nght)
environments. (Left 2 bottles = with bacteria; right 1 bottle = without bacteria).
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Fig. 3. Eh (A) and pH (B) analyses of media during
the microbial leaching of iron from magnetite using
Aldrich magnetite.
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Fig. 4. Eh-pH stability fields for lepidocrosite,
magnetite, and siderite in the water-iron-CO,
system at 25°C and 1 atm total pressure. The
CO, partial pressure was fixed at 10° atm
whereas the activity of Fe(Il) was allowed to vary
between 10° and 10* M. Measured Eh and pH
values were also plotted.
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Fig. 5. Microbial leaching of iron and manganese from Aldrich magnetite under aerobic environments (Solid -

square: with- bacteria; Open square: without bacteria).
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Fe $&& Hd 3T WFE ARATA 17)
go] A AF29Y)IA= WA &
Z50o e Fert 714 ZAdANAME 65
ppm& Fe EA AT, 3714 &7 oA 2
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Fig. 6. Microbial leaching of iron and manganese from Aldrich magnetite under anaerobic environments (Solid

square: with bacteria; Open square: without bacteria).

41508V 125

Fig. 7. SEM (A, B, C) and EDX (D) analyses of Aldrich magnetite used for iron leaching from magnetite
without bacteria.
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Fig. 8. SEM (A, B, C) and EDX (D) analyses of Aldrich magnetite used for iron leachmg ﬁom magnetite with
bacteria.
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Fig. 9. SEM (A, B, C) and EDX (D) analyses of precipitates formed during the microbial leachmg of iron

using Aldrich magnetite under aerobic environments.
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Fig. 10. XRD analyses of the used magnetite for
microbial leaching of iron and precipitates formed
during the microbial leaching of iron under aerobic
environments.
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Fig. 11. XRD analyses of the used magnetite for
microbial leaching of iron and precipitates formed
during the microbial leaching of iron under an-
aerobic environments.
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