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Preparation and Forming Process Optimization of Long
Glass Fiber Reinforced Polyurethane Foam Composites

CHEN Feng, ZHANG Hua, XIA Xian-ming
(School of Mechanical Electronic and Automobile Engineering, Anhui Science and Technology University, Bengbu 233100, China)

Abstract: Long glass fiber (GF)/polyurethane (PU) foam composites were prepared by variable fiber
reinforced reaction injection molding. The influences of process parameters on the impact property of the composite
were studied by orthogonal experiments, and the impact fracture morphology of specimens was observed to analyze
the causes for microscopic defects forming in the composite. And process parameters were optimized. The results
show that fiber content, mixture temperature, molding time, mass ratio of material A to B had a significant effect on
the impact strength, while mold temperature and fiber length had little effect. When the fiber length was constant,
the impact strength of composites increased firstly and then decreased with the increase of fiber content. When the
fiber mass content was 30wt. % and the fiber length was greater than 25 mm, the impact strength of composites was
unstable and fiber aggregation, large vacuoles, lean burn and other defects happened easily in the composites. The
best molding process parameters were the fiber content 25% , fiber length 25 mm, mold temperature 45 C, mixture
temperature 50 ‘C, molding time 12 min, mass ratio of material A to B 1 : 1. 80.
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Tab. 1 Experimental levels and factors

SES

P U E YR B MLELIRL i TRARHE PR 7] A1 B}
C/% D/mm E/C F/C G/min Lt H

1 10 12.5 45 30 4 1:1.70
2 15 25 50 35 6 1:1.75
3 20 50 55 40 8 1:1.80
4 25 12.5 60 45 10 1:1.85
5 30 25 65 50 12 1:1.90
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Tab. 2 Results and analysis of orthogonal experiment

15 ) o
gg C D E F G H /(jf. iri)
1 1 1 1 1 1 1 13. 823
2 1 2 2 2 2 2 17. 854
3 1 3 3 3 3 3 7.762
4 1 4 4 4 4 4 16. 087
5 1 5 5 5 5 5 14. 306
6 2 1 2 3 4 5 25. 594
7 2 2 3 4 5 1 16. 271
8 2 3 4 5 1 2 29. 237
9 2 4 5 1 2 3 29. 876
10 2 5 1 2 3 4 28.514
11 3 1 3 5 2 4 25.955
12 3 2 4 1 3 5 16. 897
13 3 3 5 2 4 1 32. 955
14 4 1 3 5 2 31,193
15 3 5 2 4 1 3 23. 687
16 4 1 4 2 5 3 35.911
17 4 2 5 3 1 4 31. 675
18 4 3 1 4 2 5 23. 602
19 4 4 2 5 3 1 41. 28
20 4 5 3 1 4 2 38. 464
21 5 1 5 4 3 2 22. 655
22 5 2 1 5 4 3 47.007
23 5 3 2 1 5 4 12. 308
24 5 4 3 2 1 5 17. 056
25 5 5 4 3 2 1 32,503

¥ 69. 832 123. 938 144. 139 111. 368 115. 478 136. 832
¥2 129. 492 129. 704 120. 723 132. 290 129. 790 139. 403
¥3 130. 687 105. 864 105. 508 128. 727 117. 108 144, 243
i 170. 932 135. 492 130. 635 102. 302 160. 107 114. 539
¥s 131. 529 137. 474 131. 467 157. 785 109. 989 97. 455
v 13. 966 24.788 28. 828 22. 274 23. 096 27. 366
2 25. 898 25. 941 24. 145 26. 458 25. 958 27. 881
s 26.137 21.102 21.102 25. 745 23. 421 28. 848
i 34.186 27.118 26.127 20. 460 32,021 22.907
s 26. 306 27. 495 26. 293 31,557 21. 997 19. 491
R 20. 220 6. 393 7.726 11. 097 10. 024 9. 357
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Tab. 3 Variance analysis of impact strength

CE T B SR

ES I 7 % t
C 5238.01 4 1 309. 50 10. 57 0.01
D 643. 96 4 160. 99 1. 30 -
E 826. 81 4 206. 70 1. 67 -
F 1831.79 4 457. 94 3.69 0.01
G 1622.19 4 405. 54 3.27 0. 05
H 1575. 21 4 393. 80 3.18 0. 05

R 12 392.06 100 123. 92 — —

R4 AHEE AFHEKEMESHH
BEX &R ERFNE
Tab. 4 Effects of fiber content, fiber length and

composite density on impact strength of composites

gqpfiht  EabpsE ARG LERER T RE e m™)
N /(g+em™)  12.5mm 25 mm 50 mm

10 1. 032 14. 735 17. 854 7.762

15 1. 096 23.452 29. 237 29. 876

20 1. 196 25. 264 31.193 23. 687

25 1. 239 32.183 38. 464 35.911

30 1. 354 20. 611 22.623 47.007

(¢) BRLAHRHTR
E1 SEIZH£GTRKEBAEDERSEIEKE ST O SEM iR
Fig. 1 SEM morphology of impact fracture of GF/PU composite foam prepared under the optimal condition:

(d) HFHEETRFER

(a) overall morphology; (b) fiber pulling out locus; (c) single fiber pulling out and (d) fiber fracture
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(c) WILERE (d) BUK
2 HFHEREHE30%, FHEKEH 50 mm HIEF 4R B REAAXE SR PR BFEA IR
Fig. 2 Micro-defect morphology in GF/PU composite foam with fiber content of 30wt. % and fiber length of

50 mm: (a) overall morphology; (b) foam connected; (c) foam deformation and (d) weakening region
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