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ABSTRACT

This study was carried out to recover gold, silver and valuable metals from the printed circuit boards (PCBs) of waste com-
puters. PCBs samples were crushed under 1 mm by a shredder and separated into 30% conducting and 70% nonconducting mate-
rials by an electrostatic separator. The conducting materials contained valuable metals which were then used as feed materials
for magnetic separation. 42% of magnetic materials from the conducting materials was removed by magnetic separation as non
valuable materials and the others, 58% of non magnetic materials, was used as leaching samples containing 0.227 mg/g Au and
0.697 mg/g Ag. Using the materials of leaching from magnetic separation, more than 95% of copper, iron, zinc, nickel and alu-
minium was dissolved in 2.0M sulfuric acid solution, added with 0.2M hydrogen peroxide at 85°C. Au and Ag were not
extracted in this solution. On the other hand, more than 95% of gold and 100% of silver were leached by the selective leaching
with a mixed solvent (0.2M(NH,),S,05, 0.02M CuSO,, 0.4M NH,OH). Finally, the residues were reacted with a NaCl solution
to leach Pb whereas sulfuric acid was used to leach Sn. Recoveries reached 95% and 98% in solution, respectively.

Key words: Printed Circuit Boards(PCBs), Electrostatic Separation, Magnetic Separation, Leaching, Chemical Processes, Valu-
able Metals.

F2001d 19 299 A, 20019 89 19 e
* E-mail: junkim@chonnam.ac.kr

29



»
H

30

1. A 2

ARG o] weEe Nze AlEe Aakmn ol
239 W AME T H7)Ee] wlEe F4sH ST
Zgkon, 53] HHEEAIRL] BAsN PYo] AF
Bo] 7|5Hol ZxEH FAld AFY Fgo] Folr
o224 wd 10%0)de 78-S Rl Q). a3=
2 R a7 1208He] o]2= HAEE wye
20059l o]2# <F 2209T) o4l 100% Z717) <
AEL o] o5 o9 Xyt Asl Az Yt
32 Yop!? '

HAFE AT e O] flEs 9o &
= S50 oEF giEo] slenz H4% xg]
o] HZHAS wolle= AL FH2EUe) E F e
o, 53 e g Exlske ¢9de] drt o=
2 Axlzzgl #at opla) HPCBERE {71834
g Aot 28 ARE A o3 Yo, A &
YA Aol AR Aoz ESHA) HEHL
Atk Ay} AL, F4s} uhe, Szul, Aol
SollA Balste] Z2H4E 3|4 o5 3ehAE
FE5E G ol AMSEHE, ol AHoze
Pepel 2338E A2 = 3lo] EA AR
A5 W71eF fas S0y TR 1
Fgo] 7HAasle | B3| Zn, Al Pb, Snd] 34
< Erbesithe 9RE s QU3 el &4
A%, AF% Ao AdE, d33E, 7Mat
Y Bol 2 AMEEH glod, HAzdE S,0.00
g M7t A7 kS 2y S4del As
A2l 3 tjrleFe] @t LAy F84
7_}-7_} §]_r_61- 2= glL Z]—?Qo] 0101,]. _\;i_z t:s_]- _/_\_g_eg
A7t Brbest dxje)lry dasty L3 Ao
Ryt 25 Baide] kel FAdo) slrle e
Artk. WA HIole A7)EshE AdkskA g o
3 3ol ArEHI glon), ol AHAHl Sdo
AE Aot

b B °4€L°ﬂ*t EGA AAR frHES A
23t Ae|gS 2 o gelxglsle] F
oflg} The f7Heg Agldog #e fil#?ﬂr
e MAsiaA sigi). 53 B 7lee 71&39
Faayo gty A8 v IFEAEA S
ZRE o, 29 35 e FARS AT + 9
o, *‘ﬂi}ﬂ 7Fsd W wegid AegS sast
il A=

%

fu

>

:(Sc:

i
of

14
ﬁim
5

o oo o fr 4 o

I‘

i&ﬁmlo

0

¢

2 oA
l‘lo

01~.1 M2 g

J. of Korean Inst. Resources Recycling Vol. 10, No. 5, 2001

- - Y - BRI - 2R

2. AEHEX W WY

21. Al ¥ Alef

Aol AHE AlgE dAFE SrdAEEY sE
of daglol AR BANE FAsk Uiy 3
# Printed Circuit Boards(®]S}PCBs Z3hE 4415
sto] TS SRk AT B A7l AHgE
PCBs?] 40 2x FE81E0] 30 wip@ihHEs: : Cu:
1091%, Fe: 7.7%, Ni: 2.5%, Sn: 3.9%, Pb: 1.5%, Al
1.7%, Zn:1.1%, AF%: Auw0.00498%, Ag: 0.00813%)
A= SEo St

Eat2gA E3e 30 wt%@ C-H-O Polymers>
25%: Polyesters, Phenolformaldehyde, @ Halogenated
Polymers<5% : Mainly PVC, traces PTFE, Polybromo
Compounds, @ Nitrogen containing Polymers < 1% :
Nylon, Polyurethanes) “Z8]51 ‘F8-4J3815HE0] 40 wt.%
(Silica: 15%, Alkaline & Alkaline Earth Oxide: 6%,
Alumina: 6%, Other Oxides: 13%)2 ol& itV

s 28 A% 22 FE49=Z Cu, Fe, Zn,
Ni, Sn &S S3A 7= F4HH,S0, 98% EP
gradeyS AHE-3ar, IA8lA(H,0,, 35% EP grade)S
ABISHAE AR H, Ay, AgE AYE FE
© X 2AIRF((NH,),S,05, 75% EP grade), 4%
T7-2)(CuSO,, 99.5% EP grade)?} $H=Uel=(NH,OH,
28% EP grade)® £ ZA|ekd ALSSIATH Pbe] 3
£ APIEF(NaCl, 98% EP grade)S AH&-shgh.

22, MEEX W EMuY

PCBs2%E f71E4% F5ehe 34& Fig 1o
UERATE 348 PCBsE £ ATEF 4 B4 A2ty
el vl (Shredder, HRALDFHAAIZHE AME3te £
spor, EHE e YA Afol=e] zEo] shsdl
Screeng T3 3] 1 mmelste] AHE-E 3581,
1 mmolge] Yxke AEdsted gdst ZHES AN
on, AT Eld 948 T E B S8
SEEELS ALY AASNNGY siad g4EEL
A7) Electrostatic separator, Dings Magnetic group
Co)oll T3t mAe} FuA2 REejdsie] LA
g EEAASLY 38 =AE AAxHAE
(Magnetic separator, Dings Magnetic group Co.)d}q
AR vAEHE Balslgon, Ba 34g uzt
Hiﬂ 7]’€ FE2 AT ASAEE ARSI F
Ealy Eetiag Al v enxd




B PCBs2HE] BEE (Au, AgF ) ol BN ST 31

v

Cutting Shredder ‘

+1lmm

LElectrostatic Separation l-——> Heating treatment }

metals

L Magnetic Separation J"—’l

h 4

Magnetic materials j I Reuse ]

Nontmagnetic material

> Leaching with H,SO, +

..... |-—————> Cus0, ZnS0,, SnSO, etc. |

Oxidants
‘ Au, Ag, PbSO, ‘

[ AuAg Je—{ Leaching with 5,0, |

onpIsa w us ﬁ[ JO [eAcwyg

[ PoCl, Je— Reaction with NaCl solution_|

I

y

Zn solvent
extraction

I

v
] LZn prccipitation-]
ZnSO, —]

Supokosy *OS™H

y
| Cu solvent extractionJ

L‘ Cu electrolysis
L Cu metal l L

]

4

| Residue(pa) ]

Fig. 1. Flow sheet for the recovery of valuable metals from PCBs
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Table 1. The separation of conductor and non-conductor
materials by electrostatic separator

Electrostatic power (W)
500 | 1000 | 1500 | 2000 | 3000
Conductor (wt.%) 5.66 | 9.45 |12.00 | 13.35 | 13.68
Middling (wt.%) 13.82 | 13.50 | 16.23 | 15.15 | 15.00

Non-conductor (wt.%) | 80.52 | 77.05 | 72.77 | 71.50 | 71.32
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[Non-conductor materials)

[Conductive materials]

Fig. 2. The conductor and non-conductor materials separated by electrostatic separator
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Table 2. The separation of magnetic and nonmagnetic
materials by magnetic separator

Magnetic Power (gauss)

3000 | 6000 | 8000 | 12000

Magnetic (wt.%) 2835 | 3650 | 41.61 | 4205

Non-magnetic (wt.%) 71.65 | 63.50. | 58.39 | 57.95
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Table 3. The chemical analysis of separated materials (8,000 gauss)

Au Ag Cu Fe Zn Pb Al Sn
Assay (mg/g) 0.227 0.697 489.00 0.915 329 10.27 15.10 2573 30.56
% 0.0227 0.0697 48.90 0.0915 0.329 1.027 1.510 2.573 3.056
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Fig. 3. The dissolution of metals with H,SO,4 (Temp. 85°C,

Sample : 10 g/L, 350 rpm, H,S0;4: 1.0M, H,0,: 0.2M)
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Fig. 4. The dissolution of metals upon the concentration of
sulfuric acid (Temp. 85°C, Sample: 10 g/L, H,0; :
0.2M, 350 rpm, Reaction times : 24hr).
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Fig. 5. The extraction of gold and silver by the mixed
solvents (Mixed solvents : 0.2M (NH,),S,05+ 0.02M
CuS0O,4+0.4M NH,OH, Temp. 40°C, pH 10, Sample
5 g/L, 300 rpm)
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Fig. 6. The dissolution of Pb and Sn by NaCl (NaCl : 2.0M,
Room Temp., Sample : 20 g/L).
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Fig. 7. The dissolution of Sn and Pb by H,SO, (H,SO, :
2.0M, H,0,: 0.2M, Temp. 85°C, Sample : 20 g/L).
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