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ABSTRACT : Electronic wastes have increased tremendously. However, any reliable treatment methodologies have rarely been established.
Electronic ‘wastes have posed serious disposal problem due to their physico-chemical stability. This paper investigated the application
possibility of pyrolysis for the purpose of recycling the p-CCL(phenol based Copper Clad Laminate). Thermogravimetric analysis(TGA) was
used to investigate the thermal decomposition pattern of p-CCL. We elucidated the characteristics of pyrolysis by-products at operating
temperaturgs of 280, 350 and 600°C. GC/MS and FT-IR were used to characterize the liquid by-products along with general charac-
terization methods such as Ultimate Analysis, Proximate Analysis and Heating Value, whereas general characterization methods were only
introduced ‘for the solid by-products. At a heating rate of 5C/min, TGA curves exhibited three decomposition stages: (1) low-temperature
decomposition region(<280C), (2) medium temperature region(280~350°C) and (3) high-temperature region(>350°C). The major compounds
of liquid by-products at low- and medium-temperatures were accounted for by water and phenol, whereas branched phenols and furans
were major compounds at high-temperatures. As the temperature increases, volatile quantities decreased but the fixed carbon increased.
High heating values of solid by-products(7,400~ 7,600 kcal/kg) would suggest that the solid by-products could be applicable as fuel. In
addition, high fixed carbon but low ash content of the solid by-products offered an implication that they are capable of being upgradable
for adsorbent after applying appropriate activating process.
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Table 1. Physico-chemical characteristics of p-CCL used in

this work
1ti

Component wt(%) Proximate analysis v 1ma.te

analysis
Paper 42 mc* 12 C 60.1
Phenolic resin 44 VM° 546 H 69
Formaldehyde < 0.01 FC* 272 0 295
Phenol < 0.1 d Cu 159 N 3.5

NC
Copper 14 Ash 1.1 S

% Moisture content, ® Volatile matter, *: Fixed carbon,
d .
: Non-combustible
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Fig. 1. Schematic diagram of pyrolysis batch reactor.

. Nitrongen bomb 2 : Flow meter 3 : Pyrolysis reactor

5 : Heavy oil trap 6 : Condenser II
8 . Controller 9 : Gas bag
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Fig. 2. TGA and DTG curves of thermal decomposition of
p-CCL under nitrogen atmosphere at the heating rates
of 1, 2 and 5C/min.
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Table 2. Yields(wt%) of by-products from pyrolysis of p-CCL
at the operating temperatures of 280, 350 and 600C

Tem(‘igi‘t“fe Statistics if’e‘l‘j Ly‘i‘l‘(‘id y?;jj Sum
Average 642 232 126 1000
280 95% C.I*n=3) 37 3.5  +14 -
RSD**(%) 2.3 6.1 44 -
" Average 530 © 308 162 1000
350 95% CI*(n=3) 25 427 207 -
RSD**(%) 1.9 3.5 1.8 -
Average 45.4 36.4 18.2 100.0
600 95% CL*(n=3) 09 6.1 53 -
RSD**(%) 08 68 117 -

*: Confidence Interval ** . Relative Standard Deviation
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Fig. 3. FT-IR spectra of liquid by-products of p-CCL pyroly-
sis at the operating temperatures of 2807 (A), 350T
(B) and 6007T(C).

Table 3. Functional groups of liquid by-products of p-CCL
pyrolysis

Number Wave number(cm’) Functional group
1, 3,8 3,400 ~3,200 O-H stretch
4,9 3,000 ~2,840 C-H stretch
5, 10 1,600 ~ 1,450 C==C ring stretch
2 1,653 C=0 of carbonyl structure
6, 11 1,242, 1,244 C-O stretch
7, 12 812, 754 Out-of plane C-H bend
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Table 4. Chemical compositions of liquid by-products of p- CCL pyrolysis identified by GC-MS

280°C 350C 600

No. Compounds Compounds Compounds

1 ‘ Phenol Phenol Phenol

2 4-Piperidinone 2-methy! phenol or 3-methyl phenol 2-methy! phenol

3 4-methy! phenol or p-cresol 4-methyl phenol or p-cresol

4 2-methyl Benzofuran 1-methoxy-4-methyl benzene or 1-methoxy-2-methyl benzene
5 3,5-dimethyl phenol 2,4-dimethyl phenol or 3,5-dimethyl phenol
6 2,2,6,6-tetramethy! 4-piperidinone 2,3,6-trimethyl phenol

7 2-ethyl phenol or 3-ethyl phenol 3-(1-methylethyl)-phenol

8 2,4-dimethy! phenol

9 2,4 6-trimethyl phenol

10 2,3,6-trimethyl phenol

11 2,3-dihydro-3,3,6-trimethyl 1H-Inden-1-one

12 2,4-bisphenol or 2,6-bisphenol

13 Hexadecaneitrile

14 Heptadecanenitrile or Octadecanenitrile

Table 5. Physico-chemical characteristics of liquid by-products
of p-CCL pyrolysis

Table 6. Proximate analysis results of solid by-products of
p-CCL pyrolysis

Reaction Temperature(C)
Item

Reaction Proximate analysis(PA)

280 350 600 Temperature(‘C)  Statistics  MC*(%) VM®(%) FC%(%) Ash(%) Sum(%)
Ultimate Analysis(wt%) - - - Average 0.8 40.1 56.6 2.5 100.0
C 59 40.6 72.8 280 95% C.I.(3) 0.1 0.4 0.5 0.8 -
H 11.6 9.6 7.8 RSD(%) 3.1 0.4 04 126
0 81.5 48.5 18.1 Average 1.2 233 724 32 1000
N 1.0 1.4 1.4 350 95% C.I(3) 0.0 0.6 0.9 0.7 -
S - - - RSD(%) 0.9 1.1 0.5 9.5 -
Water Content(wt%) 90.6 56.2 30.0 Average 1.3 10.2 83.5 5.0 100.0
High Heating Value(kcal/kg) 45 3,205 7,601 600 95% C.I(3) 0.1 0.6 0.6 1.0 -
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Fig. 4. SEM results of generated solid by-products(xz,OOO).

Table 7. Ultimate analysis results and heating values of solid
by-products

KWNUCL WD20.7mm 15.0kY 22.0%k  20um

Solid by-products

T(C) . Ultimate analysis HHV'(kealkg)
Statistics
H O N S Sum HHVy HHV,
Average 772 54 12.7 48 - 1000 7424
280 95% CI(3) 5.1 01 08 10 - - 2040 7,311
RSD(%) 0.8 02 0725 - - 1.1
Average 826 42 90 42 - 1000 7,589
350 95% CIL(3) 165 19 0.1 14 - - 265.7 7,404
RSD(%) 24 54 0.1 38 - - 1.4
Average 903 19 3.7 41 - 1000 7,613
600 95% Ci(3) 10 01 06 02 - - 75.0 7,309
RSD(%) 01 10 1805 - - 04

% Temperature °: High heating value HHVy: measured heating value
HHV.: calculated high heating value
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