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Abstract — In recent years, recycling process has come to be necessary for separating metals, glass fibers and polymer
from WPCBs (waste printed circuit boards) due to an increasing amount of electronic device waste. In this study, dim-
ethylformamide (DMF) and attrition mill reactor were used to separate the component such as metals, glass fiber and
epoxy resin from WPCBs. Separation of glass fiber from WPCBs was carried out under stirring rates 300~600 revolu-
tion per minute (rpm) for 1~2 h as the various agitator. The recycled glass fibers (RGF) were analyzed by thermogravi-
metric analyzer (TGA) for degree of separation of epoxy resin in the WPCBs. The degree of separation of epoxy resin of
WPCBs increased in attrition mill agitator as a mechanochemical process for recycling WPCBs. The RGF separated in
the WPCBs was applied as a reinforcement in the RGF/unsaturated polyester composites to reuse as a reinforcement.
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Fig. 1. Schematic diagram of attrition mill reactor.
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Fig. 2. Waste printed circuit boards (WPCBs) using shredding mill (left); resin, glass fiber and copper (middle) using the three-blade agitator,

glass fiber (right) using the attrition mill in the DMF.
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Fig. 3. Thermogravimetric analyzer (TGA) thermogram of glass fibers
from WPCBs using DMF and three-blade agitator at 150 °C.
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Fig. 4. Thermogravimetric analyzer (TGA) thermogram of glass fibers
from WPCBs using DMF and attrition mill at 150 °C.
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Table 1. Residual Resins from WPCBs by TGA test

Chemical ~ Weightat 600 °C Residual Stirring

method by TGA (%) resins (%) conditions

WPCBs 38.0 100.0

DMF/K;PO,, 4h 33.9 89.2 300 rpm, magnetic bar

DMEF, 1h 36.0 94.8 300 rpm, magnetic bar
DMEF, 4h 29.5 77.6 300 rpm, magnetic bar
DMEF, 1h 26.3 69.2 600 rpm, three-blade propeller
DMEF, 2h 243 63.9 600 rpm, three-blade propeller
DMF, 1h 24.1 63.4 600 rpm, attrition mill
DMF, 2h 20.0 52.6 600 rpm, attrition mill
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Fig. 5. Thermogravimetric analyzer (TGA) thermogram of glass
fibers from WPCBs using DMF and attrition mill at 150 °C
ultrasonic cleansing for 12 h (dot line).
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Fig. 6. SEM micrographs of glass fibers from WPCBs using K;PO,/
DMF solution and attrition mil/DMF: (a) DMF for 2 h, (b)
K;PO/DMF for 2 h, (¢) attrition mill and DMF for 2 h.
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Fig. 7. Optical photographs of glass fibers from WPCBs using K;PO,/
DMF solution and attrition mil/DMF: (a) K;PO,/DMF for
2 h, (b) attrition mill/DMF for 2 h, (c) after ultrasonic cleas-
ing for 12 h.
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Fig. 8. Optical photographs of recycled glass fibers reinforced unsaturated polyester: (a) attrition mill for 1 h, (b) attrition mill for 2 h, (c) ultra-

sonic cleansing for 12 h (attrition mill for 2 h).
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Fig. 9. SEM micrographs of recycled glass fiber reinforced unsat-
urated polyester after flexural test: (a) control, (b) 10 wt%
recycled glass fiber.
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Fig. 10. Flexural strength of recycled glass fiber reinforced unsatur-
ated polyester with recycled glass fiber content: (Il) attrition
mill for 1 h, (@) attrition mill for 2 h.
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Fig. 11. Flexural modulus of recycled glass fiber reinforced unsatur-

ated polyester with recycled glass fiber content: (ll) attrition
mill for 1 h, (@) attrition mill for 2 h.
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