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Abstract It is well known that PCB (Printed Circuit Board) is a complex mixture of various metals mixed with
various types of plastics and ceramics. In this study, high temperature pyro-metallurgical process was
investigated to extract valuable metallic components from the PCB scrap. For this purpose, PCB scrap was
shredded and oxidized to remove plastic materials, and then, quantitative analyses were made. After the
oxidation of the PCB scrap, 30.6wt%SiOs, 19.3wt%Al;03 and 14wt%Ca0O were analyzed as major oxides, and
thereafter, a typical composition of 32wt%SiOs-20wt%Al,03-38wt%Ca0-10wt%MgO was chosen as a basic slag
system for the separation of metallic components. Moreover a size effect of crushed PCB scrap was also
investigated. During experiments a high frequency induction furnace was used to melt and separate metallic
components. As a result, it was found that the size of oxidized PCB scrap was needed to be less 0.9 mm to
make a homogeneous liquid slag and to recycle metallic components over 95%.
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Fig. 1. A phase diagram of a temary Al,0;-Ca0-SiO, slag system.”
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Fig. 3. Weight reduction of PCB scrap after oxidation.
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Table 1. Average composition of Printed Circuit Boards
Composition wt (%) Group Product Composition wt (%) Group Product
Si0, 30.6 Cu 21.1
AL O, 19.3 Sn 3.24
CaO 14.0 Pb 0.39
MgO 1.1 Fe 0.35
BaO 0.63 Group 1 = Ag 0.21
TiO, 0.38 Oxides 66.37% Ni 0.13 Group 3 =
P,0s 0.18 of PCBs Cr 0.09 Alloy 25.63%
Fe,0, 0.13 Co 0.08 of PCBs
MnO 0.04 Au 0.02
Cr,04 <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 7.45
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Table 2. Chemical compositions of slag system considered in
this study.

A1203 CaO SIOQ MgO Ba51c1ty Remarks

(Wt%) (Ca0/Si0y)
A 20 30 40 10 0.75
B 20 35 35 10 1 pure flux
C 20 38 32 10 1.19

40

354 2 20Wt%A1,0,~30wt%Ca0~40wt%Si0,~ 1 0wt%MgO
£ 20W%AL0, -85 Ca0-35WASIO, - 10WHMGO
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Fig. 4. Viscosities of the 20wt%Al,0;-Ca0-Si0,-10wt%MgO
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Fig. 5. Metals recovery change by particle size of used PCB.
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Table 3. Metal components(72% v.s. 95% extraction ratio)
wt (%) wt (%)
Composition 2 mm 0.9 mm Composition 2 mm 0.9 mm
(72% extraction) (95% extraction) (72% extraction) (95% extraction)
Cu 7745 75.76 Co 0.23 0.30
Sn 9.08 11.60 Au 0.038 0.05
Pb 0.21 143 Zn 0.043 0.04
Fe 0.68 1.27 Pd 0.017 0.04
Ag 0.62 0.75 Al 03 0.02
Ni 0.38 047 Rh <0.003 <0.003
Cr 0.17 0.33 Pt <0.003 <0.003
C 0.47 0.48 S 0.0017 0.0011
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