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The Influence of Mechanical Properties with the Number of Recycling of
Fiber-reinforced Thermoplastic Composites Damaged by Impact

Kwak Jin Bae*, Joon Seok Lee*"

ABSTRACT: In this study, the effect of mechanical and chemical properties of glass fiber reinforced thermoplastic
(GFRTPs) according to the number of recycling was confirmed. The composite materials were manufactured through
a hot press compression molding process using an E-glass chopped strand mat and a polypropylene film. Four
specimens were named according to the number of recycled test repeat: First manufacture, 1st Recycle, 2nd Recycle,
and 3rd Recycle. To investigate the mechanical properties of the prepared specimen, tensile test, flexural test, drop-
weight impact test, differential scanning calorimetry (DSC), and field emission electron gun-scanning electron
microscope (FE-SEM) was performed. As a result, as the number of recycling steps repeat, the degree of
crystallization, tensile strength, elastic modulus, and flexural strength were increased, but the impact properties were

greatly reduced.
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Fig. 2. Tensile properties of GFRTP with number of recycle
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Fig. 3. Flexural properties of GFRTP with number of recycle
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Table 1. Drop weight impact test result with number of recycle

Peak force  |Impact energy| Absorbed

(N) ) energy (J)
First manufacture 7203.19 37.90 27.58
1st Recycle 4425.86 37.87 37.87
2nd Recycle 3572.05 34.16 34.16
3rd Recycle 2622.59 23.57 23.57
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(a) (b)

Fig. 4. Damage of GFRTP after Drop weight impact test with
number of recycle; (a) First manufacture, (b) 1st Recycle
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Fig. 6. Energy-time curve of GFRTP with number of recycle
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Table 2. DSC result of Polypropylene with number of recycle

Tm-onset (OC) Tm-peak (OC) AHm (]/g) Xc (%)
First manufacture 148.83 165.13 59.77 36.22
1st Recycle 151.39 165.91 68.95 41.79
2nd Recycle 152.95 166.28 69.13 41.90
3rd Recycle 150.98 165.68 70.41 42.67
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Fig. 7. Crystallinity of polypropylene with number of recycle
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Fig. 8. FE-SEM micrograph of PP region fractured by tensile test;
(a) First manufacture, (b) 3rd Recycle

Fig. 9. FE-SEM micrograph of fiber surface region separated by
tensile test; (a) First manufacture, (b) 3rd Recycle
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