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Abstract

In order to recover valuable metals from fine-grained electronic waste, bioleaching of Cu, Zn, Al, Co,
"Ni, 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 mobilization of metals from waste
electronic scrap.

In a preliminary study, in order to obtain the data on the leaching of Cu, Zn, Al, Co and Ni, the metal
leaching behaviors were accomplished using Organic acid(Citric acid and Oxalic acid) instead of
Aspergillus niger.

At the electronic scrap concentration of 50g/L, Aspergillus niger were able to leach more than 95%

of the available Cu, Co. But Al, Zn, Pband Sn were able to leach about 15-35%. Ni and Fe were
detected in the leachate less than 10%.
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1. A28
718 e FFol(fungd)E °ol&F vIAE 7]&2 FE antibiotics, engymes L2 7]
Ab Az BE H4Eo] g oy HIde 22 FFo|dol nYPEZAA F5F &
ANAF ke Tl LA UA NERE FEEFE W23 QY olHE fungiE 3
E71&9 AL43 A2 AFY gAEoY FAH T E filter dust, slag, sewage sludge
(@B eA), g g e FFE0 d7d 7SN FEFEAA EoF Foll &8l
N=H ok 3 7]&Y ANARTE F 359 IFES o7 A% AAH A,
EEY bauxiteZHE LFuE AA T, FHAA JINEH Z2 BT él«] A
A, Quartz sandolA FAZEY AA F 0131 oo §&o] 7M5sittn rusm o
2F% 1 %’%*ﬂ%(biohydrometallurgy)"?"—"]: NME FE grdlglole] dF < Thiobacillus
g o] 43 7lEo] Bol Rudy Ju EF H43x A HJAsd, FFolF(fung)E ©
43 FE7Ied disidE vZy LA Ho| fed old dig 8doRE g Zo
A £ Aot 1) F718 B (heterotrophic microorganism)< AF3dted B 49 R
4290 Basdln 2) fungidl 9 LEVEEE7t Thiobacillus ferrooxidansell Hl3l =27
3) dRE vAEAME FAE0] fungiE HFsted AFdA 7] WEez ENE F
Aok, 28y HIZol Fungiol 98 A&l €2 FHo] dvn RAHEAN B2 F&
< 23 Qed oo dE ofEE ey 2 1) UREY FETH EE2 499
Z7kN 71 2ol H&d pHZE F7HE 2% Thiobacillus# 2l 3ol W= A&
38 ZaA2 & dt 23U Fungidl A3 35 JAEHELS 74k g3 JPgn
o] A% oAk F&Fo FAHFE o7 FHAGAMNE F&Hol29 LIAEE FTL
AN & Qo 2) YRR F&EEREDY AP Folu FeSO, EE HHIAE F
Thiobacillus7} A3 & J& quxdo] o] YA &k wekA Thiobacillus® A%
HQ AL Al Folu FeSO, Bx F3ES BIEdHordtt 3) F5A-™NY #HF
Z9] gMolEy & HH dAIAAHA 71gol SFHI Y=l Fungi® 3§ F714
o] old frakg AAE7] Wi Boh #4313l 4) Fungi®l AR A yeastsl
e ol = dA Ju B AETF FHH o] gA HEo] I,
olg|gt olfolA WY F7IA4H 7] Z(organic wastes)] FEFY  AZAZT I (whey
permeate)°lt} B (molasses) 5§ fungi®l AFMAZ AFeA ALEE Z 4o drel o}
AE9 ALo] oz Bory A4 AAH a8 7eAHeZ 71EY gRolEre F
§o] o]z Hofol] Hgo] spFEicti & & gio
B dAFNME fungid ¥FQ Asperigillus nigerg ©l&3td #HAA77] 23HF Cu,
Zn, Al, Sn, Pb, Co, Ni, Fe A¥9 JA&AFE ZA8lY Cu 59 #7l84S adzes
2@ . 35E dux den, WA #7)4H(Citric acid R Oxalic acid)& o183 333
A&l 8 zt F459 AEAFTE ZAISIL o9 Asperigillus nigerg o843t AAL
AR 7 F&9 AEAFTS 2t HF A& 218 F¥staa o
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2.1 58

B Ao ALE3 FFoldS Asperigillus niger(KCTC6982,ATCC 1015)E %3+
AHEEEglon o] wWidE 934 Sucrose mediumS AHE3F 250ml Erlenmeyer flasksol
A 30CAA 180rpme.2 2-3Y WS Y. Sucrose medium® EFZALS oS3 Zu
Sucrous (100g/L); NaNOs; (1.5g/L); K:HPOs (05g/L); MgSOs7H:O (0.025g/L); KCl
(0.025g/L); and yeast extract (1.6g/L).

22 REAY

Asperigillus nigere] 93t Cu, Ni, Zn, Al, Sn, Pb 281 Co 59
Asl AA dAFFEY Citric acid 2 Oxalic acidE o83t Ax~aR E2do] g3 A

AEE AARTE a8 Asperigillus nigerd] 93 AEAFL 2 A5
O 2= 250m AZbE AT o) Sucrose mediumE 100m¢ A7FSFa. A
T3 ¥ dAFY HZES HUst IEHFES HASUY. &2 Shaking incubater©ll
A 30CAA 180rpme 2 W AIZ T AAAL ¥HES Al F HE A9 pHE SHF 3 A
82& AFstd FH0l29 FZE ICP-AESE ©l43l9 &A%} oluf A&7 A=
Y AsEs T RAMIA AMEE AIALZ -3BmeshE M Asle AL on B4
A= Table 13 Zth,

e

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 #F W%

Sucrose mediume AFH&3+9 250ml Erlenmeyer flasksolA 30ColA 180rpmoZ 3Y #)
G A7 39 13 e FFE I 5 ddEd a™dN & 5 A5ol FF7) vhA
Frfol AY 7o FeE wHAT. T3k 18 20 30082 Foist FEAG FF
€ Yehdid=d "k vAg dEY FErt ¢4Y X3 A4S Rolm QUty FHE
Aspergillus niger 7} W8l wet 714 (Citric acid ¥ Oxalic acid)?t 4343
fervy, 259 A} Fo F 0005MS Oxalate <+ 0.2M9] Citrate7t B4 = A
£ H. Brandl” 59 d3ZA3%st FAs}IC

kd
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Fig.1 Aspergillus niger after 3days incbation. Fig.2 Aspergillus niger’s Aggregated mycelium
on plate. X300(Nikon Eclipse E600)

4‘4'

32 fF714tol 93t 8184 2 % (Chemical leaching with organic acids)

3.2.1 Citric aciddll 9% A&

1) Citric acid ¥ =¥3 |3

Aspergillus nigerdl & F4£AE&W-§E  Aspergillus nigerd] 4
71 2H(Citric B’l Oxalic acid)& A3, ol 3
Ak, WA B Aol 71x AT dEew 7 frlikd oA F& 3

N
T
o
o

2

r}‘

A Hg2 Bl f
& f71ake] o é.—ol CEEEERREE
HE

AEATE 24
stz AA Citric acidd % WHEgo] M 7t &9 JEE&E nFSPUY F 20 1A
5% (Pulp density)7} 50g/L& X5t Citric acidE 0.01MoNA 05M7FA] A 71 HA] 2z}

759 AEE&E AR 438 Jehiidd old HEMEREE 30T, 28ln v
24X 7HE KA. HAAM & F A=l & F59 AEEL Citric acid = @ F
71ete AEgE Boln lem B Y AR citric acid¥=7F 0.1MAA Cud] AE&°l 7}
F =A JdEtdd. @98 Co, Cu, Sn 231 P ZA9E v & IEE&L Roja g
o4 Al Fe, Ni, Zn 52 Hud @& AEE&E Holi 319 Co, Cy, Sn 5 AHFHo=

e
428 4 dvke 2e ¢ F At

Table 2. Leaching percent(%) of metal ions at different citric acid concentrations.

Al Fe Co Ni Cu Zn Sn Pb
0.01M 3.1 6.7 67.2 59 75 6.2 18.2 10.0
0.0256M 45 9.5 85.4 11.8 30.4 13.2 54.8 205
0.05M 49 145 96.0 125 445 15.1 88.3 45.3

0.1M 6.7 20.2 99.0 232 719 20.2 93.0 60.3
0.25M 85 25.3 98.5 270 67.1 24.4 94.7 71.0
0.5M 114 34.0 99.5 31.8 61.2 31.6 99.0 80.0
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2) 295 = (Pulp density) ®18 93
¥ 32 2AFE(pulp density) ¥3tdl W& 2zt F49 IAEFES XA A8t Citric
acid ¥=7F 0.1IM olx 30ColA 2423 ‘:’}°’\]7\l Aztolt), ndFxr}l Frted wet 7
59 FEEL Fide AYES Holu Y

FEEE Holtrt 100g/LAXE 247%=2 43 F2sglen, ppel B4+=
AL

& Agol AU W & 4g 2%
e Ae ¢+ AY
Table 3. Leaching percent(%) of metal ions at different pulp density.

Pulp density| Al | Fe | Co | Ni | Cu | Zn | Sn Pb
20g/L 9.8 18.9 99.0 20.0 80.0 20.6 945 68.0
50g/L 6.7 20.2 99.0 23.2 779 20.2 93.0 60.3
75g/L 8.0 22.4 86.4 149 30.0 21.6 904 34.1
100g/L 8.0 20.0 81.2 12.6 24.7 187 84.1 10.8

8 1Z87] A3 1RFE 50g/LNA 0.1M
| - 29 39 YERdlT 1" oRRE Al

1 2 A& §o Z?M@l Ao A @&
] i1 Pb-4 e 24N AIANAA = AEEo F43] F
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) &% (Temperature) % &

Azvhg = Wl e} 7z 49 IA&88 3
2831 0.1M Citric acidg o83t 24A17F A7 AAE 29 490
2RE A& J'°——°—537} F74ee] et Cu % PbY AEELS Fad)
2% 3717} Cu 2 Pbe HEde "—"uﬁi’—}ﬂ e AL & F
BEE 2% —7;7}°ﬂ uzt AEFo] FUhsle S Bolxn
7t e AL &< st wEx] B A A Cuy, Co, Sn 59 #7155 & 9%
AEA 2= 30T/ AREES & F AU
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Fig. 3. Leaching percent(%) of metal ions Fig. 4. Leaching percent(%) of metal ions
at different reaction times. at different temperatures.

3.2.2 Oxalic acidell 2% 31&

712kl 4F Oxalic acidE o83t 2zt F%9 IEATE ZAetax 1%k
50g/LolAl Oxalic acid® ¥ % Wstd waet A9 A24E 8 49 vehiAdd ol wg&
RE30Tolar RRGAIZEE 4AE fAEGT B OdA € & A%l 05M
Oxalic acid® ©l&3ld A& 2 Al & snd &L B%olA 758ty Cu 3.0%U
9], Fe 35%, Co 6.9%, Pb 2.1%, Zn B Nit 1%"|% &
Al & Sne] MEH HFo] 7MedE ¢ £ Jdo 2YY IFE FHoZ = Cud A

>
3%
32
o
£
Q

o

Lo

= A5 gl S Azsy) WPl H57 oFhe Ae ¥ Aee
4% ZEESHdolE fggol G497 WL ol tha il deht: oz A
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Table 4. Leaching percent{%) of metal ions at different Oxalic acid concentrations.

Al Fe Co Ni . Cu Zn Sn " Pb
0.06M 43 04 8.0 nd 39 1.0 nd nd
0.1M 23.2 14 6.2 nd 2.7 1.1 nd nd

0.25M | 729 8.7 16.0 nd 2.2 2.1 59.2 2.1
0.5M 85.3 3.5 6.9 nd 2.8 0.9 86.3 2.1

323 E3tald 9% A&

Aspergillus niger®l A2 tiAL 28& T3l AAZ {5714 citric B oxalic acid)E A
A e o8 @ Citric acid Y Oxalic acid 7} @522 AAHE Ao] ofyz E&A
Aol 57| wjEd EgAitd 9%k zt.-F4e| AEAHF S A

A8}

3
o=
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E 5% 0.IM Citric acidl 92 7t4 %9 Oxalic acid® €3t A& 3 @3’4% 1=

Bl Foldh, 9 ZAAgolA & F J%o| Oxalic acidd =7t 718 ute} A &

T AMEI Sne & AUt ey UHA 34 AP IFE&L 2398 7"’\3}-‘5 73 8k
Holx ot wEA Cud HEEE Fol7] HMME Citric acid’t @522 BAAHE

[e} = 0
= nEE
z7ol FEgtths AE ¢ F UG

lCL
i)

Table 5. Leaching percent(%) of metal ions at different organic acid mixtures.
(Pulp density : 50g/L , Temp: 30 C, Time : 24hr)

Oxalicacid | Al | Fe | Co | Ni | Cu Zn | sn | b
OM OA | 67 | 202 | 990 | 232 | 779 | 202 | 930 | 603
00IM O.A | 114 | 208 | 86 | 200 | 507 | 208 | 8.1 | 23
005M O.A | 226 | 127 | 344 | 90 8.3 44 830 | 156
0O1MOA | 376 | 85 | 272 | 54 3.4 3.1 87.2 89

3.3. Aspergillus nigerdl 9% ¥4 E A&

33.1. A 4
ag 58 =
glol| wie} 2zt F& i
3 Aot A &2 %ﬂzﬂ% 736&° ioh Sil%tﬂ c04 A% 259 BH F 90%°l
2ol AEE&S YHedI Cud A5+ 359 olF9 90% °lde L=k
d Ad F Co € Cud AT HBKolde] &S Holn Yok W J|E F59 A
WA TEol AEEY T @2 Fvs=u Al Pb, Sn® B¥ 25-35%, ZnT
151% 1831 Nigl A$E 9%, Fed A€ 3%7Iste AE&S vl olds B¢
Citric acidg& AH8-¢ 3133 A& 489 AR v AFS Bolx oY Sn ¥ PbY
FAE&o] tda @A et

1282
=EE=

332 LN %(Pulp density) B3

DAFE Wl wel z} F49 FEEe JgS uFEI] Y8 ngFEE 70g/L7HA
WA Z|HA] 5043 A& A AAE Y 60 YeEHAY a8 o 2HE Co 2 Cud
7

0g/L7HA 95%01de & AE&S Uegdidey f ol #HrjESol F718td &
1580 adte 4SS 0151 A1 Snd A= 30g/L7HAE FEE&o| FUtstY
e A3dS Bolx Ut H Ph 9 AlY Aee ndFEY Tt gEo] FE
o] Ftete BEFE _1;._!_0]_,__ Aot Ni9l 49 w2 ZAsE FFE Rolxn
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A 71e Fe ¥ 7o) A4E 2ol Aol 9. We 47 2HERH CuE
= Aol wEAsTn Azan,

Leaching % of metal
Leaching % of metal

60 80

Time(days) Pulp density(g/L)
Fig. 5. Leaching percent(%) of metal ions Fig. 6. Leaching percent(%) of metal ions
at different reaction times. at different pulp densities.

333 &9 pH W3}
Aspergillus nigerg 33171
g #ASRF = oo gk
Atolo] kg el o
al

7

l-J

WFslHA nAFEE HAIF|HA FER9 pH WHE
#E 129 79 Jehiit 282 2RE %7] pHE 55~6.0
WA E 3G 7R = pHIE TASle S Boltrt oAl &
Ak, B3 mdFxrt Frhgol whel pHEtel Bl FUkske
& HIEF9 g Jolta Ayzdc)

& 3rhske A wol
A%E Bolm Qe o3

34 &AL Y

Aspergillus nigerdl 9% M3 R/ HEWE Fo A&t FHE BZ37 A
st AAEE AFstq A=A F X-raydE 2FEFE 29 gl U A=
£ H7IEYd nAFE 50g/LolA 2097 AEAd ZAAd adezREH AT
FARORE Cu% Fe 281 Ni9 3gEH Sn, Pb, Al Zn 5°] @5H4Eoz EA3}
I e Rew #FHAL
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Fig. 7. Variation of pH in leaching solution Fig. 8 X-ray diffraction pattern of leaching residue.
with time at different pulp densities.(30C)

4. 22

AA23 8 A Cu, Co, Zn, Al. Ni, Sn, Pb 59 #7549 #&EAFE 1Z37] Ast
Citric acid ¥ Oxalic acidol 9l3 383 A& 2 Aspergillus nigerg ©]&3 vAE 3
AP AN, ofo s v L AES 48 T Ui

Aspergillus nigert Sucrous medium©lAl 30CAIA 2-3Y4 %ol o3 #F&
ANon T3t AHA} g s Frlate] AL s 25Y 3
0.005M oxalate & 0.2M citrate”} A 8L &)

TBEFEE 50g/L, 30CHNA 30A1ZF 05M Citric acidE ©l&3td 384 A&& HAAT
A3} Cu, Sn, Pb, Co?l HEE] 8%l 7153t Cudol Sn E Pbel 3T = 7Hs
&= Citric acid 5=7F 0.1MY w7 7 2444 S & 5 AU

Citric acidg ©l€3t 383 FEA AEWI2E7 F7Hded b2t Cu B Pbe] A&
& Z230, AL Ni, Zn® A$E /MR Co R Fex 2 ¥ AU =@
ATzl wel ZF&e AEEL dFo] ey Cud AL 50g/L7tA AEET
P Fkon o ol #7|E%e] St ﬁ?ﬂi’% A& go] ZasATh

A E% 50g/LoA 30ColA 24212F, 05M Oxalic acidE ol&3std 3§83 J&& AA
& A% Al F Sno FEELS 8%l Cu 3.0%HS], Fe 4.0%, Co 7.0%,
Pb 3.0%, Zn & Ni2 1%v% o2 HA&go| 9t wWekA Sn E AlE 3T
T Oxalic acid’7l %Ay Cu, Co 59 #7849 FE&L Wt

aRFT 50g/LoNA 5083 Aspergillus nigers #7134

7% 95%0]4e AEES Hola i Al Pb, Sn® B¢E 25- 354, ZnE 15.1% 1%
I Ni¥ B$E 9%, Fed B¢ smlﬂu IE&< Yo

N
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6) Aspergillus niger ° 2% HAAR2aP HAEWTF HEIAAE X-rayEd A7
FAESZ2E Cu%t Fe 2183 Ni9 3H3HE3 Sn, Pb, Al, Zn F°] @SR LE EA8}
I e Aoz #HHYH.

X

RS

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

2. 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.

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

4. LB. Sukla and Vinita Panchanadikar, 1993, "Bioleaching of lateritic nickel ore using
a heterotrophic micro-organism” Hydrometallurgy, 32, 373-379.

5. 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.

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

7. IM. Castro, J.L.R. Fietto, R.X. Vieira, M.JM. Tropia, LM.M. Campos, E.B. Paniago,
R.L. Brandao, 2000, "Bioleaching of Zinc and nickel from silicates using Aspergillus
niger cultures.” 57, 39-49,

8. C. Acharya, RN. Kar, LB. Sukla, 2003, "Studies on reaction mechanism of bioleaching
of manganese ore” 16, 1027-1030.

9. 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.

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

~ 223 -



