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ABSTRACT

Nowadays with the rapid development of social economy, electronic products are
frequently upgraded, which continuously brings great pressure to the environmental
protection and resource recovery. Discarded printed circuit boards (PCBs), as the
main compositions of electronic products, have the double characteristics with
harmfulness and resource. Therefore, the research on reuse, recycling and other forms
of recovery of discarded PCBs is becoming an increasingly urgent task naturally.

In this thesis, discarded PCBs were comminuted and characterized by several
analytical techniques to make sure of the composition. On the foundation of
traditional mechanical treatment, the separation process of metal and nonmetal in
discarded PCBs and the ordered standard boards was studied by chemical swellings.

In this experiment, PCBs were immersed in solvent D, solvent F(Solvent D and
solvent F are both confected in the lab by ourselves.), ethylenediamine or other seven
different solvents to study the effect of chemicals swelling on peel strength between
the copper and main boards. Solvent D, solvent F, acetone, and water, were picked out
as chemical swelling reagents in the experiment. The monomer liberation degree, the
essential comminuting time aiming to get the certain size particles, accumulated yield
and the contents of metal in particles with different diameters were all investigated
after immersion using these four solvents respectively. It was shown that chemical
swelling could significantly reduce the peel strength of metal and main boards,
considerablely reduce essential comminuting time, get a constant particle distributing
in a short time and improve monomer liberation degree of the particles. The effect of
these solvents in turn is solvent D, solvent F, acetone, and water. The longer the time
and the higher the temperature, it was more beneficial to decrease steel strength. In
the condition of 150°C&3h or 140°C &5h using solvent D to dip PCBs, the copper
would fall away from the main boards spontaneously.

The disposals of discarded PCBs through the chemical swelling route depicted in
the thesis exhibited high separating efficiency between metal and nonmetal boards,
which laid foundation for latter sorting processes. In a word, the chemical swelling
method is obviously characteristic of easier operation, less pollution, higher energy
efficiency and recyclable solvents, which is an environmental benign, economically

viable recovery technology with more practicability than traditional mechanical



process.

KEY WORDS: Discarded printed circuit boards, chemical swelling, peel strength,

monomer liberation degree
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Table 1-1 Composing elements in PCB of PC

JUER MY Y% JUER Y %
Ag 0.33 Se 0.0041
Al 4.7 Fe 53
As 0.01 Ga 0.0035
Au 0.01 Mn 4.7

S 0.1 Mo 0.003
Ba 0.02 Ni 0.47
Be 0.00011 Zn 1.5
Bi 0.17 Sb 0.06
Br 0.54 Zr 0.003
C 9.6 Sr 0.001
Cd 0.015 Sn 1.0
Cl 1.74 Te 0.0001
Cr 0.05 Ti 34
Cu 26.8 Sc 0.0055
F 0.094 I 0.02
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Table 1-2 Density of composing materials in discarded PCB
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Na Al Si P S Cl K
0.0713 1.88 8.22 0.0143 0.206 0.118 0.153
Ca Ti Cr Mn Fe Ni Cu
9.77 0.323 1.11 0.173 5.16 0.166 1.94
Br Sr Zr Mo Ba Zn Pb
11.3 0.101 0.0185 0.0187 0.4 0.0214 0.597
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Table 3-2 Complete scanning analysis by ICP-AES

JCH ER4l7K Intensity F£ it Intensity
Cu -644.4 1548853.0
Ca 33.0 113335.4
Al -39.8 61867.9
Mg 10.8 54136.0
Zn 498.2 16652.0
Ba 33.2 6571.3
Fe 173.9 5320.2
Mn 302.3 1021.5
Pb 46.1 247.0
Sn -10.5 34.2
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Table 3-3 Partial metal elements analysis by ICP-AES
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Fig.3-1 XRD patterns of the discarded PCBs
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Fig.3-2 Analysis by DSC-TG of discarded PCB
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Fig.3-3 FT-IR spectrum of discarded PCB
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Fig.3-4 Compositon of the discarded PCB in the experiment
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Fig.4-2 Effects of comminuting time on shredding extent
T E BT Sl R S AR m AT B AT . B 4-2 Rl B A
PRI T R340, REAR KT Tom BPREHIT & FLGIZWT RS, K42/ T Tmm W0ELIT
b BB AT N o BRI TE) A 0.5min 2] 3.0min I, KA T Imm fHEHE D
R WI N, 3.0min JE WD B TR, BGIN LAFE 9% 5)) ) AR A /b 5 1) 42
BHOZAFAMEE I o WS T R I UG b PR 57 S B AN, DA AR AE P ] Ay

3.0min.

RRAREIS 1] 2 3.0min I, JLRRIAEDFIRLISE 0 A i P 4-3 P o B4R K 3mm
PIkhL 10.5%, 2~3mm MRS 4.5%, 1~2mm PR 1.2%, A 83.8%M4

_32-



SEVUTE LRI AL B S 2 R AR KB 5T

FHRSEHAE/NT Tmm (ki 1y Hoaf U E L, 0.9~1mm: (-140.9mm &
7~ 0.9~1mm, AR BRI R TERI S 2200 A 1~2mm (Y)RHE SRR
[l BT o R D, K2R =R /N T 0.45mm (RTRE . B/ MRS
(RIRURLAE AL B RE R AR By = AR 22, 15 BB

0.30

0.25
L

0.20

i
41 0.15¢
i)
=S

0.10

< L

Ak, a9 A9 A7 a2 0 a9 xVaxl D
01 Q’l o\?, 0'\« X(>‘ X(). QD‘ X“‘ fLX 2))( 7
Q- N J

Ll.& ’Zf X% XQ’ TLX ’be’ bf,)‘ 9)( N

[ 4-3 BEF L iRRAR PR YRR 53 70 [
Fig.4-3 Granularity distributing of shredded PCB
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Fig.4-4 Accumulating productivity on the sieve in different comminuting time
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Fig.4-5 Accumulating productivity under the sieve in different comminuting time
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Fig.4-6 Digital photo of the shredded products
A:>3mm; B: 2~3mm; C: 1~2mm: D: 0.9~1mm; E: 0.45~0.9mm
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Fig.4-7 Photo of shredded procucts in optical microscope
F: 0.3~0.45mm; G: 0.2~0.3mm; H: 0.15~0.2mm; I: 0.125~0.15mm; J: 0.074~0.125mm;
K: <0.074mm
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Fig.4-8 Effects of comminuting time on monomer liberation degree
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Table 4-2 Content of copper in the particles of different diameters

K2 /mm RURL 7 i/ g 1Y)
>3 6.04 0.1166
-342 2.59 0.1430
-2+1 0.69 0.1158
-1+0.9 0.78 0.2003
-0.9+0.45 5.09 0.1445
-0.45+0.3 7.38 0.1245
-0.3+0.2 491 0.0700
-0.2+0.15 6.46 0.0165
-0.15+0.125 4.05 0.0070
-0.125+0.074 13.8 0.0051
<0.074 5.48 0.0050

M2 4-2 AT, AS[FEPRLE BRI S A, 7R T 0.3mm [1%SHE
oA i AR BB AR, Hot 0.9~1mm Ri R R 1 & s, 183
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Fig.4-9 Distribution of copper in the particles of different diameters

4.6 RE NG

PRI LR LIV <e i S S REAORL £ K, R R K (EIA S 4.916N, Fir
s LIRS I 1) DK 3.0min, A% S8 IO HUBRS R AR ARE <62 s L Al e S AR 20 0T
i, RS AEEENRRCR B IR E, SRoAmTShET, JFRARRTED
(RIS o RO EAE L KON BB e 46 IR SRR, JREEIM 0k T 2R %
XX e, N BRI OR AL S I IR AL B T 2 R AR o

-39-



BT AR IR AL FR SR AR I BIE AT

FRhE FEEIIRAER LB AT

WAL A PR ST LR, 2 FRAEAT MU A IR N, k5
LR ARG . AT AR, W] AR A b < )2 S AR SR ARG 45
735 SEBURTRLAE BRIRIAR T IS AR 2y FRARK R BE & ARG, O i 21 i
SEUEAAN 1) 25 o A SCUIAL A3 KR T (10388 561 1 D 3 B i s AP 7 v i i
H DU R8RS BARGR LK%, JF LK DU R 51 A 2 KGR 5 A R L2 Gl
FERMITR]) R AU ARASCR, F LEAR e UM R, DR Z5 S A S B VR i 97 5 3k
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AT A i 12 58 55 PR S o

5.1 (LR BT B9 T i

LAV K T J (0 B 50 S VP A i e A S B FH IR AR 2 i R st
N AW ORKRERSAEID, Ha bR 1/ B A 70 A HI%R D,
LN WG, WA F. AME. T, PR, TR SRR OKEETRRE A
FAARERR, FIIRSE N 140°C, RIS TR0y 4h, )5l R B . ERTIR
R LA ERENLE 10 AN AT, O Rl S MEATFEES T
R 5-10 S5 T AR A AR B SR KW, A BE AT I O
B 9 5 2 N S ASHI R, B ) vt N PR AN RE AT 1 2 5

& 5-1 LEBRMEMRERE S

Table 5-1 Peel strength after chemical swelling Unit: N
T g;” Zﬂf O e orm T owm ST
i £ Ji% F i i
i
K 4916 0532 2641 2878 0955 2.196 2.079 2.663 3296 3.103 3.787
18
54
N 4716 0379 2368 2481 0.606 1.835 1.819 2493 3.094 2907 3.312
(Il
qz

¥) 4815 0449 2466 2.666 0.836 2.042 1.967 2.579 3.170 3.000 3.480
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Fig.5-1 Effects of soaking temperature on peel strength
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Table 5-2 Peel strength at different soaking temperature

= /EETE: 3h

B F B 58 BE/N

U #ID esilla P K

1 RAXE S meeME PR ENME BOME CPRIME mERME BME CPRIE mERME BME CFME
2 4916 4716 4815 4916 4716 4.815 4916 4716 4815 4916 4.716 4.815
110 3.002 1.916 2.312 4.123 2.744 3.273 3.335 3.026 3.163 3.761 3.345 3.631
120 1.385 1.008 1.174 3.965 2.479 2.833 3.216 2.922 3.055 3.744 3.323 3.503
130 1.093 0.733 0.932 2.466 2.100 2.290 3.139 2.844 2.935 3.740 3.444 3.572
140 0.578 0.428 0.523 2.505 1.785 2.048 2.545 2.323 2.426 3.787 3.312 3.480
150 0 0 0 0.982 0.678 0.815 2.318 1.909 2.136 3.501 3.119 3.311
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Fig.5-2 Effects of soaking temperature on max peel strength
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Table 5-3 Effects of soaking temperature on the decrease of max of peel strength
M I 8 i P A K AR A/ %
/'C HHID HTIF A i K
110 38.93 16.13 32.16 23.49
120 71.83 19.34 35.23 23.84
130 77.77 49.84 36.15 23.92
140 88.24 49.04 48.23 22.97
150 100.00 80.02 52.85 28.78
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Fig.5-3 Effects of soaking time on peel strength
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Table 5-4 Peel strength in different soaking time

REIRE: 140°C

B F 2 JE/N

I i HHID VIR Vi K
/h B BOME P mOKE O BUME P moRf BUME P mORf BUME P

= H 4916 4716 4.815 4916 4716 4.815 4916 4.716 4.815 4.916 4.716 4.815
1 3.893 3.543 3.685 4.091 3.872 3.943 3.788 3.599 3.665 3.815 3.502 3.641
2 1.121 0914 1.027 2.645 2.347 2.4561 3.056 2.601 2.844 3.713 3.492 3.602
3 0.578 0.428 0.523 2.505 1.785 2.048 2.545 2.323 2.426 3.787 3.312 3.480
4 0.532 0.379 0.449 0.955 0.606 0.836 2.196 1.835 2.042 3.74 3.444 3.572
5 0 0 0 0.614 0.408 0.546 1.996 1.635 1.782 3.424 3.113 3.251
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Table 5-5 Effects of soaking time on decrease of max of peel strength

I [i) I B i e AR I PR 5/ %

/h 7D sl PR K
1 38.93 16.13 32.16 23.49
2 71.83 19.34 35.23 23.84
3 77.77 49.84 36.15 23.92
4 88.24 49.04 48.23 22.97
5 100.00 80.02 52.85 28.78
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Fig.5-5 Effects of comminuting time on shredding extent after chemical swelling
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Fig.5-6 Accumulating productivity after disposal by solvent D
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Fig.5-7 Accumulating productivity after disposal by solvent F
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Fig.5-9 Accumulating productivity after disposal by water
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Fig.5-10 Effects of chemical swelling on monomer liberation degree
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Fig.5-12 Configuration contrast of shredded procucts by optical microscope in the condition of
blank and shredding after chemical swelling
F: 0.074~0.125mm; G: /\F 0.074mm;
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Table 5-7 Content of copper in the particles of different diameters after chemical swelling

ki /mm Bl 5 D W F AT i K
>3 0.1166 0.0170 0.0309 0.0441 0.1017
-3+2 0.1430 0.0210 0.0430 0.0511 0.1521
-2+1 0.1158 0.3108 0.2886 0.2069 0.0946
-1+0.9 0.2003 0.2466 0.2418 0.2613 0.2221
-0.9+0.45 0.1445 0.2434 0.2374 0.2751 0.1865
-0.45+0.3 0.1245 0.0438 0.0379 0.0362 0.0921
-0.3+0.2 0.0700 0.0366 0.0096 0.0250 0.0521
-0.2+0.15 0.0165 0.0140 0.0045 0.0084 0.0134
-0.15+0.125 0.0070 0.0060 0.0044 0.0079 0.0076
-0.125+0.074 0.0051 0.0071 0.0087 0.0068 0.0064
<0.074 0.0050 0.0056 0.0057 0.0053 0.0067

M3 5-7 AT5N, SAZER IR G, FEAH DRI R ROR: o 5 3R A A
] o AT ST RF R W ) D Ab 3 2 )5, 7E 0.45~0.9mm. 0.9~1mm F1 1~2mm
(L2 R AR & R bR, iE 3 0.24 DLE; AR, A KT 0.3mm A
R 1) AL o A2 UG T DA e R ORE G RO HH A (1) 5 B A T v
XN 5 AR B o SR T HR

M TR 0 20 Ja BT 3RS B AN RE 2= i TR AN [R] (LR 5-8) , DA 4%
A LEARARE ™ ity P R A AT 0N S 55 B 5 IR S e AR 5 AN [RDRE 2™ it PR D
7 it A R A I D ] 5-13 PR
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Table 5-8 Particle Mass of different diameters in the condition of blank

and shredding after chemical swelling

K g /mm HURL g
T H 7 D
>3 6.04 235
342 2.59 3.36
2+1 0.69 0.58
-140.9 0.78 5.16
-0.9+0.45 5.09 10.81
-0.45+0.3 7.38 11.18
-0.3+0.2 491 11.11
-0.2+0.15 6.46 4.03
-0.15+0.125 4.05 321
-0.125+0.074 13.8 2.74
<0.074 5.48 2.39
0.6F

i H
0.5 Y WHHIKE N

0.4

0.3

0.2 7
0.1 %
0/\0« 02)(0 '\‘rg; rbXOZé Q?) b?.) 09 ,-Lx'\' %x'?/ 7?)

HILEAFIRLAR T 404

0
0\}
RAEYE Hl/mm
5-13 =AMKFEEKEEERERER TR HERL
Fig.5-13 Distribution of copper in the particles of different diameters in the condition of

blank and shredding after chemical swelling
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