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ABSTRACT

Recently, waste printed circuit board (PCB) has significantly increased in its amount due to the rapid development of elec-
tronic industries. Since several kinds of noxious materials and also valuable metals are contained in it, the waste PCB is in an
urgent need of recycling for the dual purposes for the prevention of environmental pollution and recovery of valuable resources.
Also, the catalyst which equipped in the exhaust pipes of automobiles to reduce emission of air pollutants contains precious met-
als so that their recovery from the waste auto-catalysts is required. In this study, the recovery of valuable metals from waste PCB
and auto-catalyst by arc furnace melting process has been investigated, which is known to be very stable and suitable for less
production of pollutants due to its high operating temperature. The effect of the kind of flux on the recovery of precious metals
was examined by using quicklime, converter slag, and copper slag as the flux. In addition, the influence of direct and alternating
current and the applying direction of direct current has been investigated. It was observed that using converter or copper slag
as a flux was more desirable for a higher efficiency in the precious metal recovery compared with quicklime. For the effect of
current, application of direct current taking the bottom as a negative pole generally showed a better efficiency for the extraction
of valuable metals from waste PCB, which was also observed for the case of waste auto-catalyst. The average recovery of pre-
cious metals from both wastes by arc furnace melting process was very high, which was up to in the range of 95~97%.
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Table 1. Weight percent of auto-catalyst parts

Companypans M;zlilic Fiber Catalyst Total
A 49.01 6.24 4475 100
B 48.18 9.04 42.78 100
C 52.26 9.34 38.40 100
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Table 2. Experimental condition of PCB melting

Table 3. Experimental conditions for auto-catalyst melting

No. | Bottom electrode | Base metal Flux No Catalyst Bottom Base Flux
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2 DC(-) Cu slag 1 A -
12 +
3 DC() LD slag
13 -
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14 +
5 DC(-)
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7 AC
8 DC()
9 DC(+) Cu Slaé : ];;) slag 2 FH|sl] ARE-F34 =5 (Atomic Absorption Spec-
10 AC ' troscopy, Perkin Elmer Co. LTD, AANALYST 10)
< o83k E3AT
F& 24 W3} {578 23] sk silica tube 3. g3 o ¥
g S8 7 53 AHs 249

o2 JIAFEE
BEEZ A&t 342 4% 714
O, A7 7IA®S ZFE wZel 74 F 108 4
AlBIAL A8 AFH & 83l JASES sdaE
FASAT Table2 & 3 103 AN AP 2AS
£ vepich

AFA Ev) 8489 S AEDAZA PCB £
4P T, 7IABES CuE T3 Y3t
o £83l5rh 888 7IATE Cudl ¥ 1kgo=
QAL T SHAE AL E TEHaEs 2oy
glon], FEul= Eie ASAE = AFsA 3 3
AL 1kg¥ AME GIE BFEo] FYsist). o]E9]
4H &89 T JIAES Y ¥s fFE 4
Al silica tubeF ARE-Et SE THHo=E 7|AEE
& 538 AFHs Bt A Age] 2AELS
Table 3 o YERAATH.

23 £#4
AlgE BEPEHE AFHHER AAE AX §9L

3.1. PCB, Xi5x} =ufe| B4 &4

PCBY] 7% # PCBY /7t thdt AAE AF
< 93 R XEE AXSP] 95k A8 2He
PCBE ¥4 ¥ U3 &3 F o)8 BAsoh
Table 4 = PCBUlo| EAlst= x4l F45E9] 3%
< yehfiSlth. Table4 o YEld ule} o] ¥ PCB
& Cu, Fe £2% 7P} & 2 ez gle
o Au, Ag 59 7SS 3 9B FeEo] ok
T3 3Aje] 2HEA EulE 3l4Ele] Pr, Pd, Rboll o
3 S AV g el A} HlEe) e
7% Pt, Pd, Rhe] 9135 945 M3l s 4
RBRFS W, & AR Aol Ze)7t Yot B
ZoZ Pt, Pd, Rhe] 02 I o] B AL 30

¥ 4 ek

32 28MY 43
32.1. PCBERE 47184 3%
Table 5 & ztzhe] 43 A3 PCB &84 AR

Table 4. Chemical compositions contained in the PCB and contents of Pt, Pd, Rh in auto-catalyst

Compositions Cu Fe Sn Al Ni Pb Zn Au Ag
PCB(%) 20.5 22 4.4 24 25 2 1.1 0.13 0.21
Companys A B C
Compositions Pt Pd Rh Pt Pd Rh Pt Pd Rh
Auto catalyst (ppm) | 1024.50 214.00 14.90 966.00 180.00 108.00 794.00 316.50 63.70
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Table 5. Current change of PCB melting

Flux Cu slag LD slag | Ca0 1 Cu slag : LD slag (1 : 2) [ Cu slag : LD slag 2 : 1)
Base metal Fe Cu Cu
Bottom electrode - - —~ l - T - 1 + I - +
Time (min) Current (A)
0 700 600 600 600 700 700 400 500
10 A 700 700 640 700 600 600 450 450
20 600 550 500 650 550 500 500 500
30 450 500 500 600 600 450 450 400
40 550 550 400 550 300 500 500 400
50 500 500 300 550 350 450 350 450
60 510 400 350 500 350 400 250 400
70 400 400 300 480 200 450 100 400
80 350 350 250 450 250 400 200 350
90 350 310 200 500 250 - - 300
100 - - - 400 - - - -
110 - - - 300 - - - -
120 - - -~ 250 - - - -
100 100
80 80
- 60 [ = 60
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Fig. 1. Metal recovery of PCB melting by flux change for bottom(~) when Cu was used as the base metal.

J. of Korean Inst. Resources Recycling Vol. 11, No. 6, 2002



BER 28 BEEESE ol=aE fRY HEYE Bk

o] HeE A Aoy 29 2 7€ AT melt
downg UERATE Table 5 o Uehd ule} 7Ho] melt
down2 7} A@ZZNAM diFE 50608 B F Al
Ztele R FAFEHASH melt down olF HAF2
Wz} el vz st

Efae BE 25 AdARNN Fad 48S 3

3 g 24 AdEE 59 248 Fesiy
—7.
=

AEE JFEsA 3] Hsl B8] Yolok 3 HA
o] Yolo} 3}z, 8ol vs Licvt zw 48] EF
HA] gojof Fith B A AL4E FAH e
FAY FgolA Pz FoZ BY 4§ T viESR
3 Fup FE oA 3 884 SRR, e uia
s ¥ po] Ay S-gAd WAske ol o
3 AREH e dirdoz AR HE, 7= B
ojsled e Aoz o AP wat 72+ Aol
t& AkEe oyt wigdn B Ardae 84y £
Foll W2 F7HEEY 580 tisle Lol H3
AY-e FPsHon dubH oz AM-EE 4439} o

100
80}
3
2 60t
g
]
3
g 40
x
- Bottom (-)
20 O Bottom (+)
- AC
0 _— 1 n i n
5 10 15 20 25 30
Time (min)
100
80}
9
T 60
Fay
g
g 4o}
o
~&— Bottom (-)
20¢ ~O Bottom (+)
- AC
0 e s " . W "
5 10 15 20 25 30

Time (min)

v 8§48 Hole AFGEA L, FAEA H7 =
A2 ol 71 B FAlREH s o83
o ARE AR NAHGOR 1A AZE IJrEs
ZABIATE

Fig. 1 & 849 £70l u}2 % 358 tigk 2
#Zoln} AAHOZ melt-down ©}F- 300 Ad
ol 80~90%2] 35g-& JeERi it Ca02) 73S
Sl degdad e F49] s8] 3~5%
wo ziow AT E&das AEa) v
3 1M%3% ¥ 3eeS JeplY 84 5 9
o] 22 38¢ yehidth ey Sl ARl &
B3k AHAM E71=7F Robd 2G4 B FAE
& Yeplz k. o2 AiAE] sk BTl o
¥ d2LHa8 HUlsle AMshe ol FUiEY] &
A g F&e] 3l glo] felditky Als ¥

gukx o2 ojmZd AMHE dfFs AR/, AF ¥
o] glor] B AoMe AfFe FAUsS AF FF
o W frlEE ee AR S8l AR 7]
AAFE (), POE H3rHeH 1 FAAE wF ol
Ao} vwIEel. $A AEF §A4 F70] g 4

100
80
9
T 60t
Pl
[
3
é 40
—e—~ Bottom (-}
20 1 ~O: Bottom (+)
~v— AC
0 — PR— 1 n
5 10 15 20 25 30
Time (min)
100
80
9
T 60
Py
]
3
9 40
14
—&— Bottom (-)
207 0 Bottom (+)
- AC

5 10 15 20 25 30
Time (min)

Fig. 2. Metal recovery of PCB melting by current and polarity change (Cu slag: LD slag=2:1).
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Table 6. Metal recovery of PCB melting by current and polarity change (Cu slag: LD slag=1:2)

Recovery (%)
Time Au Ag Cu Fe
(min) Bottom | Bottom AC Bottom | Bottom AC Bottom | Bottom AC Bottom | Bottom AC
o) ) - ™) o) " - Q)
5 48 27 40 41 43 29 40 36 38 43 39 40
10 63 44 56 57 51 46 55 49 51 53 50 50
15 74 62 69 66 61 58 66 62 64 66 62 60
20 82 73 80 73 71 71 76 66 71 74 71 71
25 91 85 87 85 79 85 81 77 77 85 80 80
30 98 93 95 96 91 92 94 88 86 90 88 92
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Fig. 3. Current change for auto-catalyst melting.
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Fig. 4. Metal recovery of auto-catalyst melting for different kind catalyst for bottom ().
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