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ABSTRACT In order to explore the possibility to extract precious metals from PCB(Printed Circuit Board)
scrap by gravity separation, a high temperature melting process was adopted, from the recycling view point,
to investigate the influence of viscosity on Al;03-Ca0-SiO, slag system composed of PCB scrap. For optimizing
the pre-treatment process of PCB scrap, an experimental condition for the complete calcination and oxidation
of organic materials in PCB scrap was established and a quantitative analysis of oxidized PCB scrap was also
carrie out. It was found that 6 hours were enough for the complete oxidation of PCB scrap at 1273 K in an
atmosphere condition. A slag, 15wt%Al,0;3-45wt%Ca0-40wt%Si0,, was chosen as a basic slag composition
which is determined based on the quantitative analysis of PCB scrap. Viscosities were measured in slag
systems both made from pure fluxes and from PCB scrap with additional fluxes. Slag viscosities composed of
pure fluxes were measured to be 5.29 poise and 30.52 poise at temperatures of 1773 and 1573 K, whereas that
of PCB scrap with additional fluxes were 3.37 poise and 69.89 poise, respectively.
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Fig. 1. A temary AL 0;-Ca0-SiO, phase diagram& with iso-
viscosity lines at temperature below 1673 K(a closed loop).
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Table 1. Size distributions of PCB scrap after shredding and screening.

MESH Ist(g) 2nd(g) 3rd(g) 4th(g) 5th(g) averageweight(g) wt %
200 30.98 16.03 12.01 16.08 17.28 18.476 1.85
150 12.68 16.87 17.46 15.01 15.19 15.442 1.54
100 12.05 14.24 11.25 10.14 10.53 11.642 1.16
60 26.39 28.77 23.04 2141 224 24.402 244
20 118.76 108.95 88.61 89.37 96.83 100.504 10.05
10 799.14 §15.14 847.63 847.99 837.27 830.034 82.99
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this study.
3.1. A|EZH| ALO; CaO  Si0,  Basicity Remarks
£ Agelrs Adsagel 9B AFEE sher (wi%) (Ca0/Si0y)
27(HDD) 7]#<] PCBE Ul’do = 3ttt PCB &3 Al 15 23 62 0.37 pure flux
#e A @ F 1= AEE AR Y A2 B 8 & 08
I 2087 AFdte] #4€ PCB 23S YEdE ¥ A3 15 425 423 !
28ttt Al 10 mesh7E YEEZ 200 mesh7HA] At A4 15 45 40 1125
£33tk 239 A8 95 ZAE Table 191 vl Ad-1 15 45 40 1.125 with PCB scrap

WAt 83%8 %2 A7} 10 mesh ©144e] Y=ol 1}t
HA = vAE JEg EXES & & Add) oA ¢
T2 BE¥E AFEE PCBY AREE axlEo] thofsh A
B2 A gl o|Fe] R &5 AT Y
A2 E2E A2 BaEg

32, NASEY BMAE

PCB 233 Yol F54%3 ¢ 2 7184 4
28BS0 Fa5o] gtk PCB 7HEA f71Edd &
ZE Fhdo] s £fE ARE A3 F7MT]
7] witel], B Aol AMgshe 22 Sax2lE s
M AAEEAN 715 AAZE 4ot} WA g
+4& PCB 23a# o] EXste /F71EZE AAs
= AMSEHE, ASES9ES 38307 35| 9
e 2o ¢ PCB2AHY A g 3
2 ¢ a8 FFo|t}. PCB 232P e A A
< F 7] @AE FEHAE 4 oy, A Hx o
AR f71E82-8 €830, 3LA7I= Sld(incineration)y
A3t F A §71828 3] Bl Akakx g (oxidation)
THeE FEE AR FAAME dtA &, I F
NAEE CO8 B8 REIlEE 1273KY & A3}
A BEA7NE fA s FA oI

2 AfoM e ARFFBEA AR CahnAle] Cahn D-
2008 AHEsle] zH dedE AsixEE AAsg. 2
ARE Yxd A5 S Yoty ges g3
QA abEixeE] FAO Bad HH2x P AL
gpotstuat &9t A¥z7A02E 5K/ming &
£ 2 1273 K7HA A7 208 E Sodslsen, 1
10A17F ABIEA BFAIMEE 248 B7)e
FFAE o83l W71 SARH A E A
21:79¢) H|2 E3tste E99718 ™8k oF 014 ¢
=0 PCB 234& A7al] Wamrhlel st & 4

to 2

J

[ gy o rlo oft ot

(!

3.3. &0 =MY H=EF AF

Table 20 2 g AME-E AlL0:-Ca0-Si0, £
A YR Jepidol AR " £8la 2L Fig. 1
o vEhd 1673K ©l3te] 2599 F 97| =(Basicsity,
Ca0/Si0,) 0.38°14 1.125 AleloA Frl=e] e I=
Hsts Aoz gelsr) et ZF 24 o)
& sdl2E zAY] A3 AdF o5 YA AR

o
V. gMolA] £3 5, AX7)AAM 373 Ko 252 oF
A

O

107 7F o] AxslArh. &3 ZYanko g o]FojA
Ze 29 A8lAEIA)17] PCB A3 WL T8 HRES]

A £l A FHaz Urslon, ¥l &
A3g FHog IFIRE SR E A 1673K
oA 12} &3t el FEEAE 98 ICP 3}
SRS ARSI =Sl Fg 29F 22 Brookfield
Ae] DV- Il +2dle] F=A7E AMEEATE Ar9)7] 3ol
AN HAEERS Falon A A=S4e YA
A4 B9 mrhet AMES ARSSIZIAL Table 391
o AFE e =rvE aejalelER, A9E 2
e WFA S AME-SHA T

4. d3 o 0@

41. M2 MEEMAY

Fig. 32 3p/22)3 PCB 232 dwd AHsix 28}
A Wl W FEstE ARFHRAE &
43l Aato|th. BE4¥ PCB 23] RE YEoA &
T Z7tl wet FAVE 43 #aste A4 el
t}. o] PCB =3¢ F{Fd f71EF9 &3, A
sla el ot oz dAnty}. 53] AslxzE] A8 £, 6

W

o



242 wAY - A - AAF -
—
L
2
3 5

4 1iE
i

1. Viscometer 2. Pt-10%Rh suspending wire 3. Gas In
4. MoSi; heating element 5. Themocouple 6. Pt-10%Rh Shaft
7. Graphite Crucible 8. Bob

Fig 2. Schematic diagram showing experimental set-up for the
measurement of viscosity'>.
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Table 3. Dimension of the crucible and spindle for viscosity
measurement.

Materials Graphite
Crucible Diameter (mm) 40
Hight (mm) 70
Materials Pt-Rh10%
Diameter of Bob (mm) 8
. Length of Bob (mm) 15
Spindle .
Diameter of shaft (mm) 3
Length of Shaft (mm) 65
Degree of Taper 45
) Materials Pt-Rh10%
Suspepdm Wire Diameter (mm) 2
g wire
Wire Length (mm) 200X 2
ermperat L 1400
01 T l'9200r1'\esh
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E
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Fig. 3. Results of TG analysis of PCB scrap in each mesh size.
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Table 4. Average chemical compositions of PCB scrap after
combustion.

Composition %
Si0, 30.52
AlLO; 6.16
CaO 5.27
ZnO 4.07
TiO, 2.29
Fe,0; 1.82
NiO 0.86
MgO 0.23
Cr,04 0.15
P,0s 0.09
MnO 0.05
Sub total 51.51
Cu 25.67
Fe 1.23
Ti 0.91
Ni 0.53
Ag 0.344
Pd 0.054
Au 0.043
Sub total 28.82
Remainder 19.67
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Fig. 4. Changes of major chemical components in PCB scrap
according to mesh size.
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Fig. 5. Viscosity changes of Al,05-CaO-SiO, slag system with
temperature.
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basicity at 1673 and 1773 K, respectively.
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Table 5. Measured viscosity in different compositions and temperature.

. . Remark
. Basicity Measured viscosity Measured viscosity Measured viscosity .
Composition (C/S)  at 1573 K(poise)  at 1673 K(poise)  at 1773 K(poise) (af“’(rp(]:i/lsaec)hm)
15 wt%A1L,05-23 wt% 300 (1673 K)
Al Ca0-62 wt%SiO, 0.37 213 88.48 0 130 (1773 K)
15 wt%ALO;5-38 wi% 26 (1673 K)
A2 CaO-47 wt%SiO, 0.81 65.2 182 73 10 (1773 K)
15 wt%A1,05-42.5 wt% 17 (1673 K)
A3 Ca0-42.5 wt%Si0, ! 35 143 6.2 6.5 (1773 K)
15 wt%ALO;5-45 wt% 14 (1673 X)
A4 Ca0-40 wi%SiO, 1.13 30.52 11.31 5.29 55 (1773 K)
15 Wt%A1203-45 wt%
Ad-1 Ca0-40 wiSiO, 1.13 69.81 12.7 3.37 -
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