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Effect of Slag Compositions and Conditions on the Extraction of Metallic
Components during Recycling of Used PCB

Sung Hwan Jang, Jeong Whan Han, Byung Soo Kim', Jin Ki Jung', Jae Chun Lee’
School of Materials Science and Engineering, Inha University
Recycling Research R& D Center, KIGAM'
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AxzAY Jele 712¥o2 7 4 AFSE 48 Cy, Fe, Nj, Al, Ay, Ag, Pd, Pt 59 &
2 A8l #A7As ad adg AA23W Yo g3y 243 G2 ohy 183
3 4712 S BEHA ¥ YD JE Aoz 2elA ok Bernades$ e FAHRoE
49%9 #8, Ay, 28 AFES EFsln Jov, 19%e] Fe2¥ B3, 4%9 HE, 28%
o & oz oAty rusynl Bax B A7dMEe 27 A2ayd FH28
A7ke tlEo] 25, Ik, 971E % @439 Wi w Y48 &4 Y2 W /5
Hol M &3 da9 2o nxes JFL AU

2. o]

PCB 23 Q& £§X2sr] 43 72QTFE2AN A3 Alged g FFEAS A8 2
%, B 1% Zo] AsAY Ay T AEY FAHAEL SO ALOs R CaOZF 72k 306, 193 ®
14.0wt% 2 FA . A3t E] AEE, 7e AEE A Fo A&7 394 E & /1A
o zb o] IS 100%E thA] #AstE 27} 479, 302 ¥ 21.9%7F €. o] &AL 219
1(a)e] #AIJA W, $ Add dAsted 4L 173KH 2 YT, =7 100 poise ooz
- 22 JHIZ GdET FEAHEY HFEEd HF{A Evn A £F AZ4AE A
A2aAqY Y AE F 2 FEFE MDY SiO= chain® )9l network 1 E FA s &
Yoo g F/MA7= fUde] HH, CaO-Si08] 294 &Adl AAME CaOF o] F7Hol
wel 1473K W9 vuyg M2 AX ¢Fuy HdYACIEE FAANZE F o, =T Fa
e Aoz YUt CaOE A4 H7Mge] wet 334 AdAoE WELE BoFA Ho
2MO - SiOx(orthosiliscate)7t 8 ZE Si-0 AlEAe] vEYE B3 (Si04)7 e AEA =0
A7l A% ol8d AA4L ALO;-Ca0-Si029] 394 EHAAME FHZo] HEHE Ao
2ugolr A WARAY me s Y=UFS ZAF glolA, A BE Hols}
A, dutd oz HAErF §A3] FUtste FAE Holr]l AT ERFLEI EAEE Ao
dEx ok S 2% o)3le €892 §FAE vl °l/ newtonian flowE YEIU R E3lH, o|# &
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H¥E 2% “Crystallization Temp.” "Solidification Temp.” S22 Ao dAr} olo) u}
o Y& A &4 Ao FadH £ FAHE €A I=rF mEFH ok
gt o] A E 28 1% Zo] tdA FHEZE AHEstd FIHHA EH24EQ AEE
ZA40 disk HEZF Bttt metd 298 1(b)e 494 JEHEE JEe2 S840 AFgT
4 ¥4 E Hd i 24& 4] A8, AdsiAEd PCB 223 W Si0; 2 AlLOs9t CaO
o] IFE 7ELZ FY2AHAEE HUlete B9 digteq HEINAHY 53] F=g §HE &

3l PCBSl 58 4&9Y AkOsst MgO9l ¥%#& 74zt 20wt%st 10wt%2 1A skR, Si0; R
Ca0g F7IE HItetd gdla 88 ZBEE g9t

Composition wt(%) Group Product | Composition wt(%) Group Product
Si0; 30.6 Cu 21.1
Al,Os3 19.3 Sn 3.24
Ca0O 14.0 Pb 0.39
MgO 1.1 Group 1 = Fe 0.35
BaO 0.63 Oxides 66.37% Ag 0.21 Group 3 =
TiO, 0.38 of PCBs Ni 0.13 P
P,0s 0.18 Cr 0.09 Alloy 25.63%
Fe,0s 0.13 Co 0.08 of PCBs
MnO 0.04 Au 0.02
C 0.31 Rh <0.003
Group 2 = Dust
S 0.24 0.55% of PCBs Pt <0.003
Remainder 7.45

Table 1. Average compositions and particle sizeof Printed Circuit Boards.

i Composition of used PCB after oxidation
Si0; ™ Viscsities of slag at 1773K Sio,
op 100 A Experbmental slag compasition Case | 0
B Experimental slag composition Case II
@ Experimental slag compusition Case 1T 10/ “\mo 10wt%MgO

Of e \sgo @ Experimental slag compesition Case IV, /. .

...........

4 20 48 50 80 w0 0 20 4 S0 60 0 BY WO

4] f
Cao Mass% Al,O, ALO;  CaD Mass% Al,O, ALO,

(a) (b)
Figure. 1. Phase diagrams of a temary (a) SiO2 -A1203-CaO and a quaternary

(b) Si02-A1203-Ca0-10wt%MgO slag system [7].
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1) PCB st o] @t FFAAEH

PCB 23 9& Asxe & o A/ #ase @4l Yelvded ol PCB =3 T4
D G718 IR, AsEAL T Aow gt 53] hF 4439 AEAY FAE T
A9 W37t GeErYR] Gtk B AP e 40g9 NEE AFsS GFrU BEC YT F
#W 2o Y31273KE MG EA a2 s AYsAd

=54 49

EHE A A8 ANGF &5 FY¥2 JES V HAA EFE F, dx7)4A 373K
o X2 of 10A7 o) AxFAY. €5 FY2oR oFn sy AsA A
PCB 233 & ZEP2 AREFY I/ s A £z e, 819 43S
Exoz nFgdfE L2 E ALESIY 1673KAA 14 &318tA Tt A =S A o= BrookfieldA} ]
DV-|+249 HZ A AEHAT ArEH7] oM =& & FYPstder A F=5H
S &M Add g B 28EE AMEEE R, Bl E dHFelER, 28E 9 @He
NFAE AT

3) A% 2 A7ted 48 AT &3 29

dAtel 77 2 x| Wslel &1 W carbond] FH WE LAY AAE AT ol
o stee $3 35 FES L AFS FAE A HAFE L o] £HaAY
HA AE Bf AR E #asdch £44EL 150 FERAA AA AT

i

4. A% 2 EE

1) &9 FE2R B

E 2%¥ 20wt%AL03-Ca0-Si0-10wteMgO Eel 2 Ale] F7]x 9] W3 (Case I-Case IV)o] W &
Ao =AM dEHE Ao Fxet §HE YEIUoH, 971 2 259 ¥ g =
o] ®wigls 19 20 Yel Tk 1773Kel A Case I-Case IV(E71E : 07-1.33)8) &l A4 2
z}5 9poise, 5.3poise, 3.9poise, 2.6poiseZ2A, 727 ¥&4-F JUALE ¥ HEE HXe R
2 2399 ey 1573Kol A Case I3} Case 18] A Solle Zz} 31, 52poised] T& HEJ}
A5 en, Case (F7IE : 1.19)9} Case IV(P7E : 1.33)e] AS £§ <2 W 24 A&
@ AES FA4% 4% AR A= o] BTGk BekA 1STKAN GrIEs} @
S AEE AUHOE WolAe AE poAFH, A G715 Case (F71E : 0.75)9 &3z
| #7124 2 A &35 A¥sdn sedn,

Table 2. Chemical compositions of the slag

A
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ALOs | CaO | Si0; | Mgo | Basicity Viscosity(poise) Melting
(Ca0/Si0y) at 1773K ‘temperature(K)
(wt%) Phase diagram
Case I 20 30 40 10 0.75 8 1573
Case 11 20 35 35 10 1 6 1673
Case IIT | 20 38 32 10 1.19 4.2 1723
Case IV | 20 40 30 10 1.33 2.6 1723
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A 20Wt%A1,04-30Wt%C a0-40wt%S10,- 10wt%MgO
B 20Wt%A1L 0535wt Ca0-35wt% S10,- 10wt%MgO
@ 20wt%A1,0,-38wt$CaO-32wi%S10,-10wt%MgO
@ 20Wt% AL 01 40Wt%CaO-30WL%S10,- 10wt %MgO

H (Poise)

Y8 D —
1660 1600 1660 1700 1750 1800

Temp(K)

Figure 2. Viscosities of the 20wt%A1,0;-Ca0-SiO2-10wt%MgO slags with different
basicity(0.75-1.33)

2) 2% 2 G7iz W] & &843

A9 AEEH AFRE ggoz) 1773KAA HzZd @& FEE ved grl: 1199
20wt%AL0;-38Wt%Ca0-32wt%Si0,-10wt%MgO £ 2AE A2 JEE 2, 09 € 0.3mm=Z ] A
33t wal FEARY 3Fgol 47 72%, 5% L 97%Z2 FUtstdoh. 23, 09mm Hoh 2
JdE=Z 49 PCB 2aHL A& Atold AT EFo] o]Fojx £ FAo] §oF R
2 FAHn, oo we} 95%0]49] Fggol UeSE &AsA6]
23 3¢ 1573KolA kel =718 09mmz nAET gl ¥ uwet A8 £das F
&0 Al 2 38 Vel g71=0F 075, 1.0, 119, 1.332.2 ®g g we 5 Z
7} 95, 90, 88, 83% & YEhgen, ArEr & &Y aFA(Case IV)oll A= 83%0] 49 3]4& o

= B3R w2 AL BoEn.

=

Temperature(K) 1573
Basicity 0.75 1 1.19 1.33

Photograph

Extraction rate(%) 95 90 88 83
Figure 3. Photographs showing slag and metal extracted from the oxidized PCB.

3) Ul carbond] $Fo] F& o] WA= IY

a9 4% 1573KeA HlwA ¥e FEE YEd dr7l%E 0759 20wt%ALO;-30wt%Ca0-40wt%
SiO-10Wt%MgO LB 2A 8 Udog ¢4 ZTHA JRo 2 2A T & 240g9 Cuildge H7}
% carbon®] FFol @&t FEHEY IAFEES FHRAT carbond] FFo] 031, IWt%E F7HH
of ule} 3)4gL ZHzt 95 76% = Ve on carbond o] 2wt¥%ol Aol M E Cuilel A I
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7y HA et &% iﬁlff‘* PCB ] "] carbono] 3f-Hojgleon, carbone] g3 F7HE

o Wk fbES L AFS B4 BadE AL BAZT
Temperature(K) ' 1573
Carbon(wt%) 0.31 1 2

Photograph

Extraction rate(%) 95 74 -

Figure 4. Photographs showing slag and metal extracted from the oxidized PCB
ojdel An2HE PCB 23y AEEE A% 129 &AMz E A8, U3Aa & PCB £33
o $5HPANN A FAd FFHE B HAEEH 31 2 HAx WU & FFE vAEe
Aoz BTHI B T HAEEY 5EFHQA IFd dalde 4 548 A £d2 Wl
Ao Zujy] 5 FrHA oz AFAHQA BMo dedin Ty $AFoR AAAHEE SHAA
F9 22X a9 =AY oy 4%, 2%, v|dA cabond] TFHE AHI zA-H PCB
3P H F7IsE4ES €929 29 488 Reoe Y4dn.

ATFNEAIG ] dBoz AAHIE AL JleHE A
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