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Abstract

It is very important in the view point of resource recycling to recover valuable metals such as copper and tin from waste elec-
tric and electronic scrap. The waste electric and electronic scrap contains significant amounts of copper, tin, and so on. In this
study, a new process for extracting copper and tin contained in the waste electric and electronic scrap using waste copper slag
which is generated from the melting furnace of copper smelter was presented. Advantage of the proposed process is to reuse
waste copper slag instead of new fluxes as slag formatives. In each experiment, the waste electric and electronic scrap and waste
copper slag were melted inputting suitable amount of CaO as an additional flux. Up to 95 % of copper and 85 % of tin in the
raw material were extracted in a Cu-Fe-Sn alloy phase.
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Fig. 1. Isothermal lines of FeO-Ca0-SiO, slag system (wt%)'2.
(Circle represents the target composition range that will be used to calculate the input ratio of waste electric and

electronic scrap, waste copper slag and CaO.)
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Table 1. Average composition of waste electric and electronic scrap (WEES) and waste copper slag (WCS) used in the study(%)

Cu Sn Fe SiO, ALO, Ca0 MgO
WEES 182+24 1.9+0.6 0.07+0.01 20.9+2.5 143+37 57+0.8 2.0+0.8
WCS 0.7+04 - 39.5+£1.6 345+13 4.1£06 34+07 12+04
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Fig. 2. Average mass distribution of the charge materials among
three product phases (alloy, slag, and gas phases).
(The initial input amount of waste electric and
electronic waste: 50 g)
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Fig. 3. Average extraction ratio of copper and tin from the

charge materials.
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Table 2. Average chemical composition of alloys obtained from the charge materials(%)

Cu Sn Fe

Ni Pb Zn

677115 7.56+0.4 10.2+0.2

0.38+£0.03 1.99£0.05 0.99£0.07

*The balance consists of small amount of other metals and entrained oxides.

Table 3. Average chemical composition of slags obtained from the charge materials(%)

Ca0 $i0, Fe?

Fe** ALO, MgO

14.1 £ 2.6 289 £ 43 17.8 £2.7

62 £ 0.1 112 £ 1.2 1.5 £02

*The balance consists of small amount of other oxides and unoxidized metals.
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Waste Electric and Electronic Scrap (WEES)
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Fig. 5. Flow sheet of a novel process for extracting Cu and Sn from waste electric and electronic scrap proposed in the study.

A7 AGho_reo,, € T8 (29 EFAMANAA)
AL, Opeo o aFeO,.s"—L—‘ 2ol & FeOot FeO, s
o gEEols, & Ardre ztzte] BEEATE 1
2 7Fsigct geb A(3)E o) AT Bt
o Aeisd 2 @)pe] Lozt

. _AG‘(’FeO—FeOLS)L 4l wit% of Fe'' in slag 4
npOZ_ RT ran 2+ ( )
t% of Fe" in sla

2 (4ye olg3dtd Aid e AR In(pey/
Pco,’t Fig. 4] 922 FEAIFIc). Fig. 40 vehd
ule} zro] oz FAIE kuje] FARAN In(pey/
Peoye FRlo WElMe 34 7)o kdde) 9
of gl Wk 49 disire F& T4 sy
(Sn0)l 3R He] A H2o] YXshes Zo= AL
=ik webr] Fig 30 JERd upe} 7o) pele] §
SR FEgo] Y FEEuT) 3 Ao
g d9, B doXe sdds e 2
e AA7HAR} 2398 I288 F AEE L
2 Yzl g oz &dlas fede] Y%
Ao o eiE gusA BT

olg} 7o ATAINE ulgoz B Apor sdd
AFs2s £ FAAZ ALt HAR7)AR}
2aglozHe 7, $4 2L frHEEE 55 FE

J. of Korean Inst. Resources Recycling Vol. 16, No. 3, 2007

B & Jde THEE Fig 59 JEMATE Fig 59 1
ehdule} 7ho] AQE AL sEEeast HAd A4
239 18]y 2x Y FAAQ Ca0F TS £
e SFRe AU ggFoN A 23
Holl e F7HESU 1% F48& Cu-Fe-Sn IF
HOR FF FEIE FTAoIth Wik ol o] 3
o228 Y S AR FY82 gLl
7Ved Ao wdn), agu) o)) #g Bk o B
2 A dte B Ao $EA] 23

58 £

A e 7RSS §EYeE & B 4
g A2 228§ FHo| ALEUt AGE 8L
s FAZE F AbLAGAN uiEsEe dS5ER2E
AgLslr) g ¥ A56E g 5 dvks 34
o] Stk A% As HAZAR 239 507 HEE
2 50g 22 HZEE CaO 4.9g5 T8l o3
iy =rhe A4d 3 ol7] F 1300°ClA 30%
o 22 §48o2N HAZNAR 2age g8H
TFEle} £4& CuFe-Sn FFd4e=2 7zt 95% ©)7,
85% o FET F AN

B A7dMe HAsAx cagoezre 1, F
Z



FERETI IS IEHY BERET 2IWoRNE AESH SmamL T B 33

HAlel 2

2 A7E BWIERBARY 21C ZEHeID
AR AN ST =Y ATnE
Aot $98 AD7] - A1 B Mol
P 443t 7N Qojal Arase) 9Ry
o GFEE AL FA WA AL E =Y
Utk 3 A& 2Al BHY) 28 FA A
ALY AU WAk HE7IE YT st
WAy ALPIE e e EfT,

m

i

Ao

e

1.UNEP report, 2004: E-waste, the hidden side of IT
equipment manufacture and use, http://www.grid.unep.ch/
product/publication/download/ew_ewaste.en.pdf

2. Jae-chun Lee, Jin-ki Jeong, Jung-il Yang, Hun-Sang Chung,
1998: Technology for Recovering Valuable Metals from
Printed Circuit Boards (PCBs) of the Used Personal
Computer, J of Korean Inst. of Resources Recycling, 7(3),
pp-58-66.

3.Elaine. Y. L. Sun, 1991: The Recovery of Metals from
Electric Scrap, JOM, 43(4), pp.53-61.

4.]J. E. Hoffmann, 1992: Recovering Precious Metals from
Electric Scrap, JOM, 44(7), pp.43-48.

5. Private communication Korea-Zinc Incorporation, Uljin-
gun, Ulsan, Korea, August, 2005.

6. Private communication LS-Nikko Copper Incorporation,
Uljin-gun, Ulsan, Korea, September, 2006.

7.R. G Reddy, and R. K. Mishra, 1987: Recovery of Precious
Metals by Pyrometallurgical Processing of Electronic
Scrap, Precious Metals 1987, Proceedings of 10th IPMI
Conference”, Brussels, Belgium, pp.135-145.

& B &k

+ @A) FEAEALETYE APEE YA TR YAt
«F S3A A13R 15 F=x

8. A. Bernardes et al, 1997: Recycling of Printed Circuit
Boards by Melting with Oxidising/Reducing Top Blowing
Process, EPD Congress, Brajendra Mishra(Ed.), TMS,
Warrendale, PA, pp.363.

9.B. C. Ban, C. M. Kim, Y. L. Kim, and D. S. Kim, 2002:
Recovery of Precious Metals from Waste PCB and Auto
Catalyst Using Arc Furnace, J of Korean Inst. of Resources
Recycling, 11(6), pp.3-11.

10. Byung-Su Kim, Jae-Chun Lee, and Seung-Pil Seo, 2003:
Recovery of Precious Metals from Obsolete Printed Circuit
Boards by Smelting Reduction, The Korea Society for
Geosystem Engineering, 40(3), pp.184-190.

11. Byung-Su Kim et al. 2004: A Process for Extracting
Precious Metals from Spent Printed Circuit Boards and
Automobile Catalysts, JOM, 56(12), pp.55-58.

12. Verein Deutscher Eisenhttenleute(Ed.), 1981: Schlackenatlas,
p. 68, Verlag Stahleisen m.b.H., Dusseldorf, Germany.
13. Verein Deutscher Eisenhttenleute(Ed.), 1995: Slag Atlas
2nd Edition, p. 370, Verlag Stahleisen GmbH, Dusseldorf,

Germany.

14. Kemori N, Shibata Y. and Tomono M., 1986: Measurements
of Oxygen Pressure in a Copper Flash Smelting Furnace by
an Emf Method, Metall. Trans. B, 17B, pp. 111-117.

15. George R. St. Pierre(Ed), 1961: Physical Chemistry of
Process Metallurgy, Part 1, Pittsburgh, PA, pp. 175.

F X ]

+1993¢ FAEY S5 EtE £
« 87 LS-Nikko BAEG) AiVed
2

T E X

+ A AR ZALETE ALEE LA A TR YA
< A A10d 63 Fx

ZAERelEH Al 169 A 33, 2007



