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Abstract

In order to recover valuable metals from fine-grained electronic waste, bioleaching of Cu, Zn, Al, Co, Ni, Fe, Sn and Pb were
carried out using Aspergillus niger as a leaching microorganism in a shaking flask. Aspergillus niger was able to grow in the
presence of electronic scrap. The formation of organic acids(citric and oxalic acid) from Aspergillus niger caused the mobi-
lization of metals from waste electronic scrap. In a preliminary study, in order to obtain the data on the leaching of Cu, Zn, Al,
Fe, Co and Ni from electronic scrap, chemical leaching using organic acid(Citric acid and Oxalic acid) was accomplished. At
the electronic scrap concentration of 50 g/L., Aspergillus niger were able to leach more than 95% of the available Cu, Co. But
Al, Zn, Pb and Sn were leached about 15-35%. Ni and Fe were detected in the leachate less than 10%.
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TrEA A Folu FeSO, Ex
Thiobacillus7} 4738 4= = =] ge] 35
| g0} Thiobacilluse] X422l 43S 9sie Foj
t FeSO, v F3tE-2 WEdop sivks Holuh
AR FEA-E oy HF & Me|ET Ve A
| ﬂ%‘ AR 7)ol Q7H YuH FFo|F
79 F7lAe] ofd fr)ake AgEl) wie] Kot
Azlg Aot} diAle F3olde] UAUe] yeast
of Al ofn & deA Uw B A7) 2o
Ay HA Ago] Thsdlthe A 52 AT & It

ol2]gt FPo|#E HE7|& HL43 AR NF
9 eardelut Ak 718, filter dust, slag, sewage
sludge(BHErEEIA), g7 83 22 Fa&o] he
H HI BN FFEA7] Bof Boll §-8o] NEEx
At L3t 7l ZAAAHTH F 25 A4S =
o|7] ¢lst 7‘4?%_‘4 34, d8 €H bauxﬂei'ra &4
wE Al 37, dEAA Qatds) 2o BYed &
o] AA, Quartz sandollX HAE2] AA T ofg
Hopol] $-8o0] FEsitly RyEI Qom olgjd =
B A7) Eds) Fegel) ik o

ole}gt o]follA] kA #7)4# 7] 8 (organic wastes)
o dFEl A=A ZH H(whey permeate)olyt HY
(molasses) & FHold9 AuXE AGsA AL
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71&9] gMelEr]Ee FHLo] oE -
7hssitkal & 4 ok

wEpx] B A-7olAE 14 Thiobacillus ferrooxi-
dans& o83t MxaANTY] F43E AT A7
olo] Fgo|d(fungi)2] YES Asperigillus nigerE ©|
&3] HAR=AYolA Cu, Zn, Al, Sn, Pb, Co, Ni,
F’d8o] AEATE 2ABIY Cu B9 718458 &
HHog 22 -F4E T F I 33 e sz
71% AT-E AAEL ool tE 7R A= WA
F71%H(Citric acid 2 Oxalic acidy® o]-&3+ 3}a+2 2

ol o3 7} 349 AEAES RAEIL ooy
Asperigillus nigers ©]-8-3}] Z%Z}_j%EO]M 7+ F9)
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2.1. g

B AFelA] AME-gE FFolFS Asperigillus niger
(KCTC6982;ATCC 1015Y8 T4t ARS-8lon &
o] Y2 HslA Sucrose mediume ARESI] 250
ml Erlenmeyer flasks?ll4] 30°ColA 180 rppme 2 2-3
4 wiFEitt. Sucrose medium® EERAORE=
Sucrous(100 g/L); NaNOs(1.5 g/L); K,HPO40.5 g/L);
MgS0,;H,0(0.025 g/L); KCI(0.025 g/L); 123 yeast
extract(1.6 g/L)°] T}

22 Hs4dH
Asperigillus niger®] €8 Cu, Ni, Zn, Al, Fe, Sn,
Pb Z22]3L Co ¥4 AEHEE IFsl] Ys ©A
Citric acid 2 Oxalic acid& ©]-&3+ 3}8H4 & 43
= AABFATE. 28laL Asperigillus nigeroll 218+ m}Ag
F2dE S ¥ AAEFT. Ao zE 250 m!
AEH2H0) Sucrose medium%— 100 m! AH7yeha,
AT FAlEEdS HEYd & AP HANES
F 7}t %‘%%fﬁ% él"] }‘I“:} % & Shaking
30° A dgA T
3 ?7&? 3 A|lEE A
o F&ol2e] FEE I CP AESE olg3ld &A%
S fﬂoﬂ A3 Azl AzE)
E 1AF LR Fu9
RAWIA HA ]S AX ASZ A7]|E .35meshs )
At AR-3I9IEY), 38HEA )= Table 13} 2T
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Table 1. Concentration of elements in samples (Unit : ppm)
Al Fe Co Ni Cu Zn Sn Pb
2,057 | 3,500 { 125 | 111.5|3,415| 810 | 1,095 800

3.1, 25 i
Sucrose mediumE AFE-3lo] 250 ml Erlenmeyer
flasksellA] 30°C, 180 rpme2 32 wiekst A} Fig 1

3 e FF2 uldg & AJT Fig. 1941 &+ A
o] @&} nkA| TEo] A8 o] FHE BH“E]
A3 Fig. 201& 300012 Eisld B FE5 ura}
LH‘Ki—‘Eﬂ upx] w3 deokel Helrt oel =3 FA
2 nolw Yo}t $H Aspergillus niger 7} Bl u;}
‘jjr 712K(Citric acid 2 Oxalic acid)e] AHEES €l

sdon 259 Az ol 2 0005M] Oxalated}
02 M2} CitrateZ} AAHEN=H] o] = 204 B3 &
0.003 M2] Oxalic acid ¢} 0.18 M2 Citric acidE A}
AETHe H. Brandl” 2] @739k FARRISIC

3.2. {71kl 2fgt stefs EZE(Chemical leaching

with organic acids)

3.2.1. Citric acidel] 23+ 3}8H3 A&

1) Citric acid F=#3} A%

Aspergillus nigeroll &3t S£3E493-2 Aspergillus
niger®] AAA} 2H8-2 F8] 7712 KCitric B Oxalic
acid)yS A48, oj2idt f714del o8 F&o] IEE
ol dEA Sk mEk B A e 712 A
Agto g zb f7latkel o F& AEATE ARSI
2} WA Citric acid®] F&E Wzl @e z+ 349
288 wAE%TE TAEE(Pulp density) 50 g/LoA

Citric acid® 0.01 MolA 0.5 M7FR] WH3A71HA 7}
0] JE2 A 47E Table 29 VERASIT

7 FEHhEEE 30°C, 2 WHAIZRS
SR GTH A7loA & S 9o] zF F&el A
£ Citric acid 59 ot F7lske BEE Bl
oo B AE A citric acids=7t 0.1 Ml|A] Cu
o] A&gol 77.9%2 7P EA uEhgth @¥ Co,

n 222 Pbe S MwH E2 HEEE Ko

Fig. 1. Aspergillus niger after 3days incbation.

Fig. 2. Aspergillus niger's Aggregated mycelium on plate.
(X300 : Nikon Eclipse E600)

Table 2. Leaching percentage of metal ions at different citric acid concentrations.

Citric acid Conc. Al Fe Co Ni Cu Zn Sn Pb
0.01M 3.1 6.7 67.2 59 7.5 6.2 18.2 10.0
0.025M 4.5 9.5 854 11.8 304 13.2 54.8 20.5
0.05M 4.9 14.5 96.0 12.5 44.5 15.1 88.3 45.3
0.1 M 6.7 20.2 99.0 232 77.9 20.2 93.0 60.3
025M 8.5 253 98.5 27.0 67.1 244 94.7 71.0
0.5M 11.4 34.0 99.5 31.8 61.2 31.6 199.0 80.0
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Table 3. Leaching percentage of metal ions at different pulp density.

Pulp density Al Fe Co Ni Cu Zn Sn Pb
20 g/l 9.8 18.9 99.0 20.0 80.0 20.6 94.5 68.0
50 g/ 6.7 20.2 99.0 232 779 20.2 93.0 60.3
75 g/l 8.0 224 86.4 14.9 30.0 21.6 90.4 34.1
100 g/lL 8.0 20.0 81.2 12.6 247 18.7 84.1 10.8
= olfe A& F501F citrate iond HSFEE
FAslo] ojHE A ] MEos gzhEg. & 100 F o >
# Al Fe, Ni, Zn 5& 35% ol3e] nlad we 3 f :/
%89 WolT Y] Co, Cu, Sn, Pb 5& Mgxom  sop —°
42T F Ao AL T+ AU g pP o
% 60 e (F;i
2) TS5 (Pulp density)®] 3 g DEY
Table 3& ZAEE(pulp density) WMol W2 2 £ a0 NG
a0 A28 2AY] 95k Cirric acid 5% 0.1 ks o
MO 30°C, 24417} 18I Bfolrk. TeksErt B 201 | fenX  {
el w7 Fel AEEL dHOR Pashe vy .
Age ol Qv 53 Cudl A%, TAFE 20 N
g/qu A% 80%9] AEEL Rojupy} IOOg/Loﬂkl% 0O 10 20 30 40 50 60 70 80
247%2 F438] ZaEon, pbe] AeE YEeo Time(hours)
A 73gko] S AEATE 2 Qo) vE FE5E9 AY Fig. 3. Leaching percentage of metal ions at different reaction
B SaE Holx agith mekd B 4% A3 Cu times.
g fealy] el TASES 50gIlAER §R8
= o] ARsithe AL 2 % Yth N
>\>/ \
3) HhEAIZ G | ol o e e
AEHHSAI) W2 7 349 AEES uFs] bl S~ | Ace
Al ZAFE 50 g/LolA 0.1 M Citric acid® ©]-8-3} g ® [—ecu
o 3col WeA AAE Fg ol dees 3 o © e
Fig. 3023 E Al, Zn, Fe, Ni¢] A%+ F43 A& 2 \
&) Wsb} Qo] MgRs) HEgo) Tl Ad 2§ 0T ;>%i”‘“
4% 22 wol¥ Yov] 3TN ASE FEe - P
o] 20% olale] HlwA e PE&e Woli k. 2 op I~
U Cu, Co, Sn ZEJZL Pbe] A9t 24417 A7 B
7 AE&ol 343 FTIsltE 2 o) Folls auA e 35 20 80 80 70
2 Hat gl Aoz TE s ueix B AE Temp.(°C)

A HENSAIZEE 2441 A5t ARee &

T AAT

4) &% (Temperature) 9%
AT Wl wet 7t 249 AEES

THFES 50g/LOE SA31L 0.1

Fig. 4. Leaching percentage of metal ions at different tempera-
tures.
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Table 4. Leaching percentage of metal ions at different oxalic acid concentrations.

Oxalic acid Conc. Al Fe Co Ni Cu Zn Sn Pb
0.05M 43 04 8.0 nd 39 1.0 nd nd
0.1 M 23.2 1.4 6.2 nd 2.7 1.1 nd nd
025M 72.9 87 16.0 nd 22 2.1 59.2 2.1
05M 85.3 35 6.9 nd 2.8 0.9 86.3 2.1

Table 5. Leaching percentage of metal ions at different organic acid mixtures.

(Pulp density : 50 g/L, Temp: 30°C, Time : 24 hrs)

Oxalic acid Al Fe Co Ni Cu Zn Sn Pb
0M OA. 6.7 20.2 99.0 232 71.9 20.2 93.0 60.3
0.01M O.A. 11.4 20.8 85.6 20.0 50.7 20.8 89.1 253
0.05M O.A. 22.6 12.7 344 9.0 83 44 83.0 15.6
0.1M O.A. 37.6 8.5 27.2 54 34 3.1 87.2 8.9

3.2.2. Oxalic acidoll 2}3t 3}8hd 2&

f714ke] d291 Oxalic acidE o838l 7z} 2239
AE2AEL AR THET 50 /LA Oxalic acid
9] F&= Walo} wel A3t A7E Table 49 VERAZ
o}, ojn) BES-R5%= 30°Ce|a WHSAIZRE 24X7F §A
StH Tt Table 4014 & 4 2U%©] 0.5M Oxalic acid
2 olgsle &T A Al # Snel AESEE 85%
o4t 7¥Fsdhd Cu 3.00%9], Fe 3.5%, Co 6.9%, Pb
2.1%, Zn @ Nie 1% 93 o2 J&Fo| w5k
o} WA Al 3 Sne] AEE HEo) spsditls A
< AT 28y 348 HHoR k= Cudl A
O

& AEEe] w0 Axsl) Wl 357 ojgrhe
AL & 5 Agom, Codl AFE PG TIESH

golE sighEo] FAEY] Wl HE&o] tha HA
Uehte Aoz gzt

323 EF o8 A&

Aspergillus niger®] 2ATIAL 282 Ea) dA2

Citric @ Oxalic acid 59 §712k AAEHA =ed
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3.3. Aspergillus niger 0l 2i8t 3% &&
33.1 WA BF
Sgo|gel AE9 Aspergillus nigers ©1&3td A
AzAYZFe] F& FEATE AR AHF Fig. 59
=

FAQE ageRRY 7} 345
o A% WeAZ Bt W BEEe TR A
2 Bl ek Codl A$ 25U A F 90%ol el
2242 YEIE Cu) 29 359 olF) 90% o]
Ao A&&S HolX oM 50U A F Co ¥

HEES Ho|x Slr). HH,
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e &g F7F A4S vulsles Al Pb, Sn
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Fig. 5. Leaching percentage of metal ions at different reaction
times.
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Fig. 6. Leaching percentage of metal ions at different pulp

densities.
12
—a—0glL
10 | —e—20 giL
I 50 glL
8 —— 100 g/L
 gYY———Y
z Sp vV M
O N e
\\\. _____ ¢ —0- 08 8- 0
T g—u—u" i "
2L
0 IFWUURH ISR T TR NSO (DU U NN SRS ST SO VU W ST T N
0 2 4 6 8 10 12 14 16 18 20
Time(days)

Fig. 7. Variation of pH in leaching solution with time at
different pulp densities.(30°C)
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oA 234 vk o3 #5E de ¢ Ao w3
ARGAL 2ol 95§74k S ERIsIIET
259 A3} Fo| °F 0.005M oxalate?t 0.2 M citrate”}
AREE SlEidrh

2) ZWEE 50 g/L, 30°ColA 24417F, 0.1 M Citric
acidZ o] &3] slehd HE S HAAIS A} Cuel Ag
77.9%, Co ¥ Snd Z9+= 22 99% E 93%2 A
285 Yeh o 39| Citric acid®] 79+ 0.1 M
ol 97t 71 a7 oldeh

3) Citric acidE ©]8-8l] 2}8td HEA] AEHH2

7 2713k wlel Cu ¥ Pbel A& &2 74,
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2 st g%l o =3 a9EE Wt 7t
AEg & ] A=
79 50g/llo} 7P AEEHAIL ESh)
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Oxalic acidg °]83t] 315H &L HAg 45 Al
7} sno] AE8-E 85% ol eI, Cu 3.0% W9, Fe
4.0%, Co 7.0%, Pb 3.0%, Zn 2 Ni& 1% m|qtos
A&go] vmlEtt. webA Sn 2 AIS 35 Alddle
Oxalic acid7} E#& o} Cu, Co 59 #7184 A&
& gt

5) AAFE 50 g/LellA 5047 Aspergillus nigers:
A7kl weA17] 23} Cu 2 Cool AS 95%0)3
8L AT Al Pb, Snd] HF4= 25-35%, Zne
15.1% 223 Ni¢] %= 9%, Fedl 72-9= 3% "

qre] 22 Ushiit.

o to fr

ZMel 2

B d7e #FerieR 21C Z2Eo A =
AAA LTSN L G dsko g H AAE
th ATHE AP FA BAR AHBEA Qo| At
=gy}

J. of Korean Inst. Resources Recycling Vol. 14, No. 5, 2005

o
2t

fne

I

. H. Brandl, R. Bosshard, M. Wegmann 2001, “Computer-
munching microbes: metal leaching from electronic scrap
by bacteria and fungi” Hydrometallurgy 59, 319-326.

. Z. Golab and B. Orlowska, 1988 “The effect of amino and
organic acids produced by the selected microorganism on
metal leaching” Acta microbiologica polonica 37(1), 83-
91.

. Wolfgang Burgstaller and Franz Schinner, 1993, “Leaching
of metals with fungi” Journal of Biotechnology, 27, 91-
116.

. L.B. Sukla and Vinita Panchanadikar, 1993, “Bioleaching
of lateritic nickel ore using a heterotrophic micro-
organism” Hydrometallurgy, 32, 373-379.

. K. D. Metha, B.D. Pandey and Premchand, 1999, “Bio-

. assisted leaching of Copper, Nickel and Cobalt from
Copper Converter Slag” Materials Transactions, JIM,
40(3), 214-221.

. A.E. Torma and A.K. Singh, 1993, “Acidolysis of coal fly
ash by Aspergillus niger” Fuel, 72(12), 1625-1630.

. ILM. Castro, J.L.R. Fietto, RX. Vieira, M.J.M. Tropia,
LMM. Campos, E.B. Paniago, R.L. Brandao, 2000,
“Bioleaching of Zinc and nickel from silicates using
Aspergillus niger cultures.” 57, 39-49.

. C. Acharya, RN. Kar, L.B. Sukla, 2003, “Studies on
reaction mechanism of bioleaching of manganese ore” 16,
1027-1030.

. H. Strasser, Wolfgang Burgstaller and F. Schinner, 1994,
“High yield production of oxalic acid for metal leaching
processes by Aspergillus niger” FEMS Microbiology
Letters, 119, 365-370.

. C. Cameselle, M.T. Ricart, M.J. Numnez, J.M. Lema, 2003,
“Iron removal from kaolin. Comparison between “in situ”
and “two-stage” bioleaching processes” 68, 97-105.

LRS-, A, R, o)A, AT, EH, 2005,
“Fl AR} 2 AR A Thiobacillus ferrooxidanss o] &3¢
Cu, Al, Zn, Ni, Co, Sn @ Pbe] A% =gzl
o] 2B A] 14(1), 17-25.



;

BORE (dspergillus niger)S FIFE AAAIA% HEAHS) Bk S it

2 £ 8 | i# C
- 1986'd THAUStw F&F8 Al « Hz) R IAYATY ALBL2A) 7R
« A dAdste A2y 24 FE3rdTa A
« 2 gEA] Alod 65 A=
xE £ X & W $8
» 1 A FANATY AR L AR B - {2 FAAALEATY ALGLAN QPR
Bz Mo Le)

B Aol 65 F2

- S JLEE -
BEE XB &R
| m o 5 %
B i RE, BR, M, B |
R, W B H2ke] Asl, B Bl &AM, Review

% 5 W&

PR Bk, Al Wk

Bty TRl

fRIEE Hfr, TS 728 s, comments EolT},

R OB & B ErgEe] #Heh, BRstel B R0 R 5
& ¥
B®oE Z GRMES s, @8 Hmcse 2 BRE 5
Group #4~ 2, TITORAET, K& 29 B
W Orig'mal WSR2 A B@ro] gitel Bilishs 2o
WESITAL HaxEs A
FAE s FFEey Be BuE wgy

Aepelen

A 148 A 53, 2005



