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Abstract

It is well known that PCB(Printed Circuit Board) is a complex mixture of various metals. In this study, pyro-metallurgical
process was investigated to extract valuable metallic components from the PCB scrap. PCB scrap was shredded and oxidized
to remove plastic materials, and then, quantitative analysis were made. 15 mass %Al,0;-45 mass %Ca0-40 mass %SiO, and
32 mass %Si0,-20 mass %Al,0;-38 mass %Ca0-10 mass %MgO, were chosen as basic slag compositions which are determined
based on the quantitative analysis of PCB scrap. During experiments a super kanthal rotating furnace was used to melt and separate
metallic components. Moreover the revolution effect on was the recovery of valuable metals from PCB scrap also investigated.
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Table 1. Size distributions of PCB scrap after shredding and screening

MESH 1st(g) 2nd(g) 3rd(g) 4th(g) 5th(g) ‘j;egrsiz) mass %
200 92.94 48.09 36.03 4824 51.84 55428 1.85
150 38.04 50.61 52.38 45.03 45.57 46.326 154
100 36.15 ©2mn 3375 3042 31.59 34.926 1.16
60 79.17 8631 69.12 64.23 67.20 73.206 244
20 356.28 326.85 265.83 268.11 290.49 301512 10.05
10 2397.42 2445.42 2542.89 2543.97 2513.31 2488.602 82.95
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Fig. 1. A phase diagram of a terary AL0;-CaO-SiO, slag system.”
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Fig. 2. A phase diagram of a quaternary Al,05;-Ca0-SiO,-10 mass %MgO slag system.”
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Fig. 3. Schematic diagram of the experimental apparatus.
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Fig. 4. Results of TG analysis of PCB scrap in each mesh

size.

Table 2. Average composition of PCB considered in this study.

Composition mass(%) Group Product Composition mass(%) Group Product
Si0o, 294 Cu 245
ALO; 19.5 Sn 1.24
CaO 15.0 Pb 0.39
MgO 1.1 Fe 0.35
BaO 0.63 Ag 0.21
TiO, 038 Sgg‘;{’% I:fol’;icd;ss Ni 0.13
P,0s 0.18 Cr 0.09 23’603“;: i?}-lgs
Fe,05 1.13 Co 0.08
MnO 0.04 Au 0.02
Cr,0; <0.17 Pd ( 0.01
Na,O <0.01 Zn 0.01
C 0.31 Group 2=Dust Rh <0.003
s 0.24 0.55% of PCBs Pt <0.003
Remainder 745
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Table 3. Metal components(86.5% v.s. 97% extraction ratio)

Composition mass(®) Composition mass()
86.5% extraction 97% extraction 86.5% extraction 97% extraction

Cu 76.61 74.20 Co 027 0.29

Sn 10.34 11.36 Au 0.044 0.049
Pb 0.82 1.40 Zn 0.042 0.039
Fe 0.98 1.24 Pd 0.029 0.035
Ag 0.69 0.73 Al 0.16 0.20

Ni 043 0.46 Rh <0.003 <0.003
Cr 0.25 0.32 Pt <0.003 <0.003
C 048 047 S 0.0014 0.0011

797t 2384 & gl Hls €58 =2 g
£& B4 Case AE 1773 KoM JAE=E Ft
Nz wt oF 95%3 %, Case BE &F 97%3 =9 3
Tg0] dolAh ol wWHFd| ot SEfjaet SE3¢
o] AAeMe Fego] /MUK Aoz AdHAH.
3P FALEEIE 200 rpm o FolME T FNS

o o

J. of Korean Inst. Resources Recycling Vol. 17, No. 2, 2008

A=l ﬂ—‘d&a"l AESEa i | z_l—;‘-_—s]_ EENY

ool Holhe & % vk,



HEGE S $1% PCB 2339] &apsri 53

SEUEE Lo F& H4EE ICP 2 XRE C/S
X718 o] &3 A% B4 7E Table 30 YEIA
t}. PCB 23 oz2Re] F&XE F480] 86.5%
B ue A Cul o) oy FHAE 34
£0] 97%Z Ho AS ATE AE-S X3 Awty
A ISR Tko] FRIALL, duides cu g
o] ks ZoE Yelyc

oj4e ZFAzRE PCB =3 AL 93 31&
E8AYE A3, AsiHEs PCB 2= &44Y
AA Akl E B AEEo] 81 ¥ AxY
Hslol] 2 S vAe Ao woEy B 2o
AEEY] EFAQ] 3 AFHoz BXNPde &
oJei o] U AR e o] gkl Aol
28 ASH, Ad=s A & e EY2E 3
7¥taL, gAlo dArEe wrkE s isiAl Bu9 &
7tasdRd edlae] Eele 488 Aoz wddn)

PCB 23§ % i3 SFEAES 43 9 A
2A8548e HAF e AAE 28 oL
2t}

1) AAME AP O =AM 6A7H AEA Pt HA 3
I, YEEANZAT 10-20 mesh®] T YEM e F&4
o], 60-150 mesh?] F7HIEAME F718A 2%
FAZE] Yelkew, 200 meshe] Ze YJmoAl=
2slEo] Bol FAREC) iAoz 2 eyt

2) 434 PCB £ AH3E9 FAEL Si0,
ALO; ¥ CaO7} 247} 29.4%, 19.5%, B 15.0% &
A Aoz vepton, 7 9] MgO, Fe,0; BaO 59|
1.1%, 1.13%, 2 0.63%RAEE A% 58 Aoz BA
HAYh T3 7 AREoRE Cud ko) I Be
245% ©)3, AF% 48 Ag B Au: 22 021%,
0.02%2 4% THE Rz vepgth

3) #7F 59 98% 55 I-E 9si= PCB
2438E AR, A=} A1 F ds THAE A}
&3, 2=E A AE Y FEE WA #
A 3z Aol frEsi).

4) o] FA|o) 7SR 1ER] ke ALl ulg)
FEIFEe] W =4 veEbgen 1673 K, 5 P
(poise) oI5t} A=A <F 95% oo 53488

Aggon, TAHo) AY FF o FABIE g
2 37} 34 BeS Bkt

HAtel 2

E =22 28 e 21C ZEE0] A/t
Yol dghoz AYAEL7 e dAg T )Ptz
e HAEE I e 7l e A7 9 5
Utk £ d78 APaFA 2E 342 oHEA
A=Y YT

#HIES

1. A. Bernades, 1. Bohlinger, and D. Rodriguez et al, 1997:
Recycling of Printed Circuit Boards by Melting with
Oxidizing/Reducing Top Blowing Process, TMS Annual
Meeting, Orlando, 363.

2. E. Jackson, 1986: Hydrometallurgical Extraction and
Reclamatuon, Ellis Horwood, 204.

3. V. A. Ettel and B.V. Tilak, 1981: Comprehensive Treatise
of Electrochemistry, vol. 2, Plenium Press, 328.

4. C. L. Mantell, 1960: Electrochemical Engineering(4th ed),
McGraw-Hill Inc., 198.

5. M. Alibert, H. Gaye, and J. Geiseler et al., 1995: Slag Atlas
2nd Edition, Verein Deutscher Eisenhiittenleute, Germany,
353.

6. E. H. Kwon, J. W. Han, and J. C. Lee et al., 2003: Korea
Joural of Materials Research 13(4), 243.

7. J. E. Hoffmann, 1992: Recovering Precious Metals from
Electronic Scrap, JOM 44, 43.

8. M. Alibert, H. Gaye, J. Geiseler et al., 1981:Schlackenatlas
Slag Atlas, Verein Deutscher Eisenhiittenleute, Germany,
57.

9. B. Langanke, H. Schmalzried, 1979: Ber. Bunsenges. Phys.
Chem. 83, 59.

10. W. Petuskey, H. Schmalzried, 1980: Ber. Bunsenges. Phys.
Chem. 84, 218.

11. S. Dhara, Precious Metals, Ed-G. Vermeylen and R. Verb,
1987: Processings of 11th International precious Metals
institute Conference, Brussels, Belgium, 253.

12.J. W. Han, E. H. Kwon, and S. S. Han et al, 2003:Materials
Science Forum, 439, 154.

13. E. H. Kwon, S. H. Jang, and J. W. Han et al, 2005:Korea
Joural of Materials Research 15(1), 31.

AgEelEH Al 173 Al 25, 2008



54 R - ZEHOR - SRE -

B R

* 2004 skt g FEAL
+2006d QBhelw L33t FEAAL
<3, stk F43a) w ey

20068 QshhEtE AT FEA}
+2008d NNk F&F T} FMAL
B, SALGE) 71eied 2%

I

20064 QNS AR TR Zop}
3, AT FET A

& B X

*1974¢ B FE4F8 FIA)

19773 ek S48t FaAL

* 19833 Motan University(Austria) 2o}
8 Fhapa)

H, Qaliekr AT Jas

® & 1’

+1987. 9-1990. 8 Metal Processing Center,
McGill Univ. Canada Post-doctor Fellow

*1989. 9-1990. 8 CRL BHP, Australia
Consultant

+1990. 9-1994. 6 AP A7) &AL,
Rist T4

*1994. 7-1996. 2 &) E3AIE A&
74 AAG7Y

» @A) A EraL Al TS
Bus

J. of Korean Inst. Resources Recycling Vol. 17, No. 2, 2008

M c

- E) PR AANETY AL
SRR R
- 3817 4107 65 P




