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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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Fig. 4. Damage of GFRTP after Drop weight impact test with
number of recycle; (a) First manufacture, (b) 1st Recycle

8000
—— First manufacture
—— 1st Recycle
2nd Recycle
6000 —— 3rd Recycle
3
o 4000
[~
=}
w
2000
0 | ree——
o 10 15 20 - o

Displacement (mm)

Fig. 5. Force-displacement curve of GFRTP with number of

recycle
40
35}
30 |
s 25|
3 20f
E A
o 15
10 — First manufacture
—— 1st Recycle
5 2nd Recycle
—— 3rd Recycle
0 1 L L
0 3 6 9 12 15

Time (ms)

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

SRIsk A A|EE A Ee] sekeol dalA] 24 AT,
Q1% o 2 2lSt Polypropylene®] mitt & el 7} Fig. 8(a)e} &+
o] QAlo] Hle ARl e 457t Z7hatol W Fg
8(b)AE A4lo] H= A=rt Holdle 21 4= U
T3t Fig. 95 &9l &8 2ol w2 Aot A4 1+
AW ghlet A3 A3 7= A|HS Fig. 9(a)E ot &g
2427t Z718o| whet Fig. 9(b)2} Zo] Polypropylene 115
2} Az 7ol e A Awate] Agelo] Ui
Polypropyleneo| ZH=5617] olA Qli= BG5S 1d 4= 9l
Sick. olefat s=xo} 4lgel Awl Agtele] 2k ol A
GO Aao®E FEFSE T S0 93t 55 FAtol: £
A Foh7] wZol EdAE A A 71AA 249 F4a
felo] Hrt.

4. 82 B

2 Aol A= F-2 4§21 L2} Polypropylene film-2-
ol g3te] 44 4o HEARE AZstelch A B
A Al AE-g Ao W2 71A4|A EAHIE HaL
A g, B, ok F0] M AR 2asterh A
& Aol wet e 9 S A e SRS Hla =
2 7} 2] A9 2nd Recycle7tA] £7}18}4 A9 3rd Recycle
ReE Aot A4S shelstin. tot $AAY At 5
7 2|t Peakgt} F-A A A Foll A7} 432 o

Iz
3
Bl
1o
e}
o,
5
o
if S
o
3
rlo
Y,
2
o
H1
N
v ol

e+ Aol A= polypropylene®] o] o)A FHU= v}
Hol 7ho] L&A A7t S o] A A et =4 1t
A A% radiths JS AT 5 Al

FT EA TR AR Gl wE AR 7HeT A
& 2ol izt #ISIE AR ool o, arkadd
A A AW 2He] A= A B AShE 9IR HHoR
F7HAQ0 AFE Tl drkad R RS &S T

3 Aol HsRe Blstlct.

B =Re 20219 s AR @] EgREAR)e] Yo
2 Fad A - AU ET o 2A AR WA X LAY
(No. 2019H1D8A1105630)2] %] 91 wro} 2235 o 2ely
oh. 2 9lo] s AAo® b=y

REFERENCES

1. The European Union, “Regulation (EC) No 715/2007 of the
European Parliament and of the Council,” Proceeding of the
Official Journal of the European Union, June, 2007, pp. 1-16.

2. Adam, H., “Carbon Fibre in Automotive Applications,” Materials
& Design, Vol. 18, No. 4-6, 1997, pp. 349-355.

3. Robert, M.J., Mechanics of Composite Materials, A Taylor &
Francis, Inc., USA, 2015.

4. Kim, K.S., Bae, KM., Oh, S.Y., and Seo, M.K., “Trend of Car-
bon Fiber-reinforced Composites for Lightweight Vehicles,
Elastomers and Composites, Vol. 47, No. 1, 2012, pp. 67-74.

5. Liu, Y.,, Meng, L., Huang, Y., and Du, J., “Recycling of Carbon/
Epoxy Composites,” Journal of Applied Polymer Science, Vol. 94,
No. 5, 2004, pp. 1912-1916.

6. Pickering, S.J., “Recycling of Composites: A Review;” Compos-
ites Part A, Vol. 37, No. 8, 2006, pp. 1206-1215.

7. Yang, Y., Boom, R,, Irion, B., Heerden, D.J., Kuiper, P, and Wit,
H.D., “Recycling of Composite Materials,” Chemical Engineer-
ing and Processing, Vol. 51, 2012, pp. 53-68.

8. Park, D.C,, Park, C.W, Shin, D.H., and Kim, Y.H., “A Study on
Crystallization of Thermoplastic Aromatic Polymer,” Composites
Research, Vol. 31, No. 2, 2018, pp. 63-68.

9. Aurrekoetxea, J., Sarrionandia, M.A., Urrutibeascoa, I., and
Maspoch, M.L., “Effects of Recycling on the Microstructure
and the Mechanical Properties of Isotactic Polypropylene,
Journal of Materials Science, Vol. 36, 2001, pp. 2607-2613.



	충격에 의해 손상된 섬유강화 열가소성 수지 복합재료의 재활용 횟수에 따른 물성의 변화
	1. 서 론
	2. 실 험
	2.1 재료
	2.2 기계적 물성 평가
	2.3 결정성 및 파단면 변화 평가

	3. 결과 및 고찰
	3.1 기계적 물성 분석
	3.2 결정성 및 파단면 분석

	4. 결 론
	후 기
	References


