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Abstract: In this study, the effects of the electron beam irradiation on the thermal behavior and the
abrasion properties of the glass fiber reinforced nylon 12 was investigated. The electron beam irradiation
was carried out over a range of irradiation dose from 100 to 600 kGy with additive crosslinking agents
such as triallyl cyanurate (TAC), triallyl isocyanurate (TAIC) and trimethylolpropane trimethacrylate
(TMPTMA) for enhancing the crosslinking effects. The gel contents were increased dramatically above
200 kGy. It was verified that the degree of crosslinking depends on the radiation dose. The decreases
of the melting temperature and the area of endothermic peak were observed as increasing the ahsorbed
dose in the results of DSC analysis. The enhanced thermal stability was confirmed by the increases of
decomposition temperature by electron beam irradiation. Furthermore, the negative deviations of the
abrasion loss and the abrasion coefficients confirmed the improvement of the abrasion properties of
irradiated nylon 12, as evidenced by SEM observation on the abrasion surfaces. The addition of the
crosslinking agents to nylon 12 during effectively improved the thermal behavior and the abrasion
properties of nylon 12 by the electron beam irradiation.
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Figure 1. Two radical mechanisms of nylon (polyamide) to form
crosslinks using electron beam: (I} main reaction at high energy
radiation, {ID) side reaction at low energy radiation.

o
o N \/\N)ku/\/ oi

N 2\ N O)\N /'Ko <° f
/\o)\“J\o/\/ % )ﬁ‘/"\/“/\"J\K
\ G )
(a) (b) {c)

Figure 2. Chemical structures of (@) TAC; (b) TAIC; (¢) TMPTMA.
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Figure 3. The effect of crosslinking agents on gel formation
depending on the radiation dose.
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Figure 4. Melting behavior of nylon 12 depending on the radiation
dose: (a) untreated nylon 12; (b) 100 kGy; (¢) 200 kGy: (d) 300
kGy; {e) 400 kGy; (f) 500 kGy; (g) 600 kGy.
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Table 1. Thermal Properties of Nylon 12 Using Electron Beam
Crosslinking

Dose kGy) Tn(T) 7:(C)  Residue(%) Crosslinking agent
0 178.9 472.6 14.1
100 177.6 - -
200 176.9 - -
300 175.8 473.4 16.8 -
400 174.5 - -
500 173.7 - -
600 173.0 - -
300 166.9 478.3 15.6 TAC
300 167.8 4797 15.6 TAIC
300 173.2 478.7 15.6 TMPTMA
= (@)
5
2@
g ©
g [®)
l (a)
100 150 200 250
Temperature(°C)

Figure 5. Melting behavior of irradiated nylon 12 at 300 kGy
depending on the various crosslinking systems: (@) unirradiated
nylon 12; (b) untreated nylon 12; (¢) added TAC § wt%; (d)
added TAIC 5 wt%:; (e) added TMPTMA 5 wt%.
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Figure 6. Effect of crosslinking agents on melting temperature

depending on the radiation dose.
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Figare 7. Thermal stability of irradiated nylon 12 at 300 kGy

depending on the various crosslinking systems: {(a) unirradiated

nylon 12; (b) untreated nylon 12; {¢) add TAC 5 wt%; (d) added
TAIC 5 wt%; {(e) added TMPTMA 5 wt%.
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Figure 8. Abrading resistance of irradiated nylon 12 at 300 kGy
depending on the various crosslinking systems.
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Figure 9. Abrasion coefficient of irradiated nylon 12 at 300 kGy
depending on the various crosslinking systems: (a) unirradiated
nylon 12 (b) untreated nylon 12; (¢) added TAC 5 wt%; (d)
added TAIC 5 wt%: (e) added TMPTMA 5 wt%.
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Figure 10. SEM images of irradiated nylon 12 at 300 kGy
depending on the various crosslinking systems: (a) unirradiated
nylon 12; (b} untreated nylon 12; {¢) added TAC 5 wt%; (d)
added TAIC 5 wt%; (e) added TMPTMA 5 wt%.
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