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Abstract: Phenolic resin, a thermosetting resin, possesses excellent mechanical properties. However, due to its ther-
mosetting nature, it is difficult to recycle after use, resulting in 15-20% of the total production being discarded. In this
study, thermosetting waste phenolic resin with excellent mechanical properties was physically pulverized and recycled
as a filler material for polyamide 6 (PA6) composites. First, to improve the surface adhesion between the pulverized
waste phenolic resin and PA6, the surface was treated with (3-glycidyloxypropyl) trimethoxysilane, an epoxy-func-
tional silane coupling agent. The composite was prepared by PA6 into the surface-treated recycled phenolic resin using
a twin-screw extruder. Unlike composites made with untreated recycled phenolic resin, the PA6/phenolic resin com-
posite using silane-treated recycled phenolic resin exhibited enhanced tensile strength and flexural modulus as the con-
tent increased. Additionally, the decrease in impact strength was relatively moderate. To investigate the cause of these
improved mechanical properties, composites were analyzed using the infrared spectra and non-isothermal crystalli-
zation behavior under various cooling rates. The crystallinity and crystallization rate were evaluated using the modified
Avrami model. The results confirmed that the silane-treated recycled phenolic resin improved the mechanical prop-
erties by promoting anisotropic crystallization growth, achieving high crystallinity, and enhancing crystallization rates
due to its chemical interactions with PA6.

Keywords: recycle, phenol composite, (3-glycidyloxypropyl) trimethoxysilane, polyamide 6, modified Avrami model, crystallinity.
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Figure 1. FTIR spectra for unmodified and GPTMS modified
RPhC.
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Figure 2. Effect of RPhC content on the Tensile Strength results of
the PA6 composite.
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Table 1. Crystallization, Melting Temperature and Modified-Avrami Parameters of PA6 and PA6 Composite

Cooling rate (‘C/min) n k' R tin PAG6 of T, (C) PA6 of AH (J/g) X, (%)
2.5 3.28 0.020092 0.9991 2.95
5.0 3.56 0.181935 0.9998 1.46
PA6 10 3.57 0.568639 0.9982 1.06 221.7 45.37 17.79
20 3.88 0.827482 0.9985 0.96
40 391 1.010152 0.9973 0.91
2.5 3.49 0.017994 0.9951 2.85
5.0 3.70 0.186535 0.9996 1.43
RPhC5 10 3.70 0.569642 0.9993 1.05 221.5 51.80 21.33
20 3.89 0.831915 0.9988 0.95
40 3.94 1.01898 0.9991 0.91
2.5 3.50 0.019334 0.9975 2.78
5.0 3.71 0.210835 0.9984 1.38
RPhC10 10 3.71 0.603928 0.9990 1.04 221.2 53.87 23.24
20 391 0.854875 0.9971 0.95
40 3.96 1.018145 0.9966 0.91
2.5 3.53 0.020748 0.9990 2.70
5.0 3.75 0.212650 0.9983 1.37
RPhC20 10 3.76 0.602389 0.9979 1.04 220.3 53.88 25.36
20 3.94 0.856745 0.9972 0.95
40 4.09 1.013992 0.9970 0.91
2.5 3.65 0.020049 0.9972 2.64
5.0 3.80 0.203703 0.9963 1.38
E-RPhC5 10 3.88 0.594058 0.9957 1.04 221.2 57.29 23.59
20 391 0.840595 0.9968 0.95
40 4.10 1.019727 0.9978 0.91
2.5 3.70 0.019230 0.9980 2.63
5.0 3.85 0.217235 0.9954 1.35
E-RPhC10 10 3.93 0.619557 0.9951 1.03 221.0 58.70 25.32
20 3.94 0.851105 0.9986 0.95
40 4.14 1.025664 0.9966 0.91
2.5 3.78 0.019092 0.9996 2.58
5.0 391 0.223435 0.9956 1.34
E-RPhC20 10 3.95 0.636560 0.9954 1.02 220.7 61.83 29.09
20 3.98 0.925395 0.9980 0.93
40 4.16 1.056008 0.9966 0.90
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Figure 11. Effect of RPhC content on the Avrami-Ozawa plots of PA6

RPhCS; (f) E-RPhC10; (g) E-RPhC20.

Table 2. Non-isothermal Crystallization Kinetics Parameters from
Combination of Avrami-Ozawa Equations

X, (%) AT) a R
20 23 0.865 0.9963
A6 40 239 0.866 0.9967
60 25.0 0.837 0.9969
80 271 0.836 0.9972
20 262 1.019 0.9949
40 291 1.037 0.9949
RPhCS5 60 310 1.062 0.9958
80 322 1.061 0.9960
20 242 0.977 0.9949
40 268 0.996 0.9969
RPhC10 60 28.9 1.014 0.9957
80 305 1.023 0.9960
20 24.0 0.977 0.9950
40 26.6 0.986 0.9952
RPhC20 60 28.4 0.997 0.9958
80 303 1011 0.9959
20 247 0918 0.9963
40 27.9 0.926 0.9956
E-RPhC5 60 302 0.925 0.9954
80 317 0.920 0.9973
20 238 0.943 0.9949
40 26.5 0.957 0.9956
E-RPhC10 60 27.9 0.941 0.9974
80 297 0.931 0.9977
20 223 0.910 0.9974
40 230 0.903 0.9969
E-RPhC20 60 24.1 0.906 0.9950
80 252 0.912 0.9975

BE FT)9} «F 7319 Table 20 e T E-RPhC -3}
A= Ao sleld Aszrg oz AAE AA}A o] RPhC
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