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®* Bioleaching
®  Microbial mining
® Oil recovery
® Water treatment

bioreactor membrane
/
| r——
Clean water
—

Solids and
micre-organisms retained

Dissolved matenals
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At. ferrooxidans

At. thiooxidans
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Penicillium
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Fe3+ F83+
AfLf (O, AfLf (0,
FeZ+ I:eZ+
v v
M2+ + 52032_ M2+ + H25+ (HzSz)
(Af, At) | Fe**, O, (Af, At) | Fe**, O,
v v
$.0.3-.5; H,S,| Se
(Af, At) | Fe**, O, (Af, At) | Fe?+, O,
v v
SO,2" +H* SO4*~ +H*
Thiosulfate pathway Polysulfide pathway
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o msvzaratedeidle wiady 3 Junourail
— Acidolysis : NiO + 2H* — Ni** + H,0
— Complexolysis : Ni** + C,H,0, — Ni(C,H,O,)" + 3H"
— Redoxolysis : MnO, + 2e” + 4H" — Mn?* + 2H,0

Thanapon Chandakhiaw 9

-
-
)
016l

Audideuinnssunsdnuayslyfalans A& wuRanSSlaAalansdieaaunse
“wnw”
16t MBW®

. N33 lULAalAUAARANKUMLADS Li-ion

®* Zeng, G, Deng, X., Luo, S., Luo, X., & Zou, J. (2012). A copper-
catalyzed bioleaching process for enhancement of cobalt
dissolution from spent lithium-ion batteries. J Hazard Mater, 199-
200, 164-169. doi:10.1016/j.jhazmat.2011.10.063

* lguunAiiisy Acidithiobacillus ferrooxidans

— WZLAgeluAINaNg 9K *

* *(NH,),50, 3 ¢/ + KCL 0.1 ¢/l + K,HPO, 0.5 ¢/l + MgSO,-TH,0 0.5 ¢/l + Ca(NO,),
0.01 ¢/l + FeSO, TH,0 44.8 g/l

— BSudunisvaaesdl pH 2.0 hensedaii3ndudu 3m)
— l4Feso, Wuunaamdaanuy
— Wwefl 160 rpm, 35°C uaz 1% pulp density
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(%

* IngAunly (wunmesviiadiieulossuiideuaninuaa)

— 99AUSZNRUNMNINLAL JLASIEUMIEWALA EDS

Usunaulae

337 485 23.9

UNLN %

24.1

0.14

— dmsdidninsaluualrduuin < 0.075 mm
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* panIsUTara1ualIulualsy (Li, Zeng, Luo, Deng, & Xie, 2013)

47.6% 48.2%
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* NANIVARBLLDANAIITIUNATEMBAS (Zeng, Deng, Luo, Luo,
& Zou, 2012)
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4. N33 lYAalAUARNLLUALADS Li-ion

* nalnnsissufisernidululdannisifumesunads@unisn (1)-(3)
— Cu”* + 2LiCoO, — CuCo,0, + 2Li* (1)

— CuCo,0, + 6Fe> — 6Fe* + Cu* + 20, + 2Co™  (2)

Af
— 4Fe” + O, + 4H" — 4Fe* + 2H.0 (3)
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* n5lY51 Aspersillus niger Tun153LeLAa

laneNLUALADINLADUANINLLAN

1 v

* weeslumnansniiinaglase

o Tdnauunaes 10 g/l

* JINSULUINTTNAADIAIL

— One step leaching Horeh, N. B, Mousavi, S. M., & Shojaosadati, S. A. (2016).

Bioleaching of valuable metals from spent lithium-ion mobile

Two step leachlng phone batteries using Aspergillus niger. Journal of Power

—_ Spent medium Leaching Sources, 320, 257-266. doi:10.1016/j.jpowsour.2016.04.104
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29AU52NaU (Y%ow/W) N159LATIZANY XRF  A1SILASIZIA2Y ICP-OES

Mn 22.00 21.31
Co 17.11 16.54
Al 9.45 9.12
Cu 6.60 593

Ni 2.82 2.56

Li Not detected 222

Fe 0.19 0.04

S 0.17 Not tested
Si 0.11 Not tested
Mg 0.06 0.04
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—&—One-step —8—=Two-step ——Control == Spent medium

-

0 5 10 15 20 25 30

Time (Day)
Organic acids concentration at the end of the three methods of bioleaching.

Organic acid (mg L") 1% (w v~') pulp density
One-step Two-step Spent medium
Citric 0 133 8078
Oxalic 9948 3372 1170
Malic 0 0 1251
Gluconic 0 102 2126
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Organic acids concentration at the end of the three methods of bioleaching.
Organic acid (mg L™ 1) 1% (w v~ 1) pulp density
One-step Two-step Spent medium
Citric 0 133 8078
Oxalic 9948 3372 1170
Malic 0 0 1251
Gluconic 0 102 2126
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