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Abstract: The natural aging of glass fiber reinforced bromide epoxy vinyl ester composites was investigated in
Wanning and Lasa stations of Chinese typical climate regions. Its accelerated aging experiments including hydrother-
mal, hot air, light and hot water were studied in laboratory at the same time, The mechanical properties including
tensile strength, flexural strength, and compressive strength of glass fiber reinforced bromide epoxy vinyl ester
composites after aging were tested. By using the grey correlation analysis method, the relationship between the nat-
ural aging and accelerated aging was calculated. The results show that the accelerated light aging has the best corre-
lation with the natural aging, whose correlation degree reaches to 0. 75 when taking compressive strength as proper-
ty indicator. Accelerated factor (AF) and accelerated switch factor (ASF) between natural aging and accelerated
light aging are obtained. The ultimate ASF in Lasa and Wanning is 5. 28 and 7. 25, respectively.
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Table 1 Basic climatic information of Wanning and Lasa stations
Location Wanning Lasa

Climatic type

Annual average temperature/C 24.5
Highest temperature/C 36.5
Lowest temperature/C 7.8
Annual average relative humidity/ % 86
Sunshine duration/h 2091
Annual precipitation/mm 1515
pH of rainfall 5.1

Hydrothermal maritime climate

Highlands meso-humid climate
7.4

29.0

—16.5

34

3 000

500

6.3

Long sunshine duration, low air pressure,

North tropical maritime climate,

Climatic feature

high in hot and humidity

low oxygen content, large temperature

difference between night and daytime
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Table 2 Parameter settings of accelerated experiments methods of glass fiber reinforced bromide

epoxy vinyl ester compeosite in lab

Total
Aging method Experimental criterion ime/h Test periods/h Experimental conditions
time,

GB/T 16422, 2 — 1999 Plastic - methods of 50, 80, 150, 300, 500, 0.50 W/m?; 340 nm;
Light aging exposure to laboratory light source—Part 2; 1 800 720, 960, 1 200, 1 500, 18 min/120 min; (65+3) C;

Xenon-arc sources 1 800 (50+5)% RH;

GB 2574—1989 Test method for resistance 24, 48, 144, 336, 504,
Damp heat aging of glass fiber reinforced plastics to damp 2 016 672, 840, 1176, 1 512, 60 °C; 95% RH

heat 2016
Water GB/T 1462 — 2005 Test method for water 1 008 24, 72, 144, 240, 360, Normal temperature;
immersion aging absorption of fiber reinforced plastics 504, 672, 1 008 Pure water

GB/T 10703—1989 Test method for resist-
Hot immersion 8, 12, 24, 48, 72, 144,

) ance of glass fiber reinforced plastics to wa- 672 60 °C; Pure water

aging 240, 360, 504, 672

ter and accelerated test

24, 72, 144, 240, 360,

GB/T 7141 — 1992 Plastic - method of heat
Hot air aging . 1 800 600, 840, 1 080, 1 440, 80 °C or 120 C

aging

1 800
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Table 3 Correlation degree of glass fiber reinforced bromide epoxy vinyl ester composite between Lasa

natural aging and artificial accelerated aging by taking tensile strength as indicator

Parameter Natural aging Light aging :Z:;othermal 80 C hot aging 120 ‘Chot aging Hot water aging
93 92 102 97 105 100
102 95 112 102 97 98
108 108 109 111 99 103
97 104 102 108 96 90
Retention rate of tensile 96 98 102 105 97 101
strength/ % 100 109 104 92 100 110
104 103 110 103 98 108
95 99 79 98 94 107
89 99 92 96 87 101
87 82 74 96 96 93
0.888 9 0.470 6 0.666 7 0.400 0 0.533 3
0.5333 0.444 4 1.000 0 0.615 4 0.666 7
1.000 0 0.888 9 0.727 3 0.470 6 0.615 4
0.533 3 0.615 4 0.4211 0.888 9 0.533 3
0.800 0 0.571 4 0.470 6 0.888 9 0.615 4
Correlation coefficient
0.470 5 0.666 7 0.500 0 1.000 0 0.444 4
0.888 9 0.571 4 0.888 9 0.571 4 0.666 7
0.666 7 0.3333 0,727 3 0.888 9 0.400 0
0.444 4 0.727 3 0.533 3 0.800 0 0.400 0
0.615 4 0.3810 0.470 6 0.470 6 0.571 4
Correlation degree 0. 684 0. 567 0. 641 0. 699 0. 545
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Table 4 Correlation degree of glass fiber reinforced bromide epoxy vinyl ester composite between Lasa natural

aging and artificial accelerated aging by taking flexural strength as indicator

Hydrothermal
Parameter Natural aging Light aging ] 80 °C hot aging 120 ‘Chot aging Hot water aging
aging
106 98 101 103 113 111
101 108 109 104 109 102
100 115 112 113 115 107
102 112 109 111 106 111
Retention rate of tensile 97 108 104 116 106 109
strength/ % 100 113 109 110 111 103
103 98 108 109 100 110
89 103 101 102 101 105
89 97 102 104 113 104
82 99 95 107 100 99
0.627 9 0.729 7 0.818 2 0.658 5 0.7297
0.658 5 0.6279 0.818 2 0.6279 0.9310
0.4737 0.529 4 0.509 4 0.4737 0.658 5
0.574 5 0.658 5 0. 600 0 0.771 4 0.600 0
Correlation cocfficient 0.5510 0.658 5 0.415 4 0.600 0 0.529 4
0.509 4 0.600 0 0.574 5 0.5510 0.818 2
0.7297 0.729 7 0.692 3 0.818 2 0.658 5
0.490 9 0.529 4 0.509 4 0.529 4 0.457 6
0.627 9 0.509 4 0.4737 0.360 0 0.473 7
0.442 6 0.509 4 0.350 6 0.428 6 0.442 6
Correlation degree 0.569 0. 608 0.576 0.582 0.630
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Table 5 Correlation degree of glass fiber reinforced bromide epoxy vinyl ester composite between Lasa natural

aging and artificial accelerated aging by taking compressive strength as indicator

Hydrothermal
Parameter Natural aging Light aging ] 80 °C hot aging 120 ‘Chot aging Hot water aging
aging
110 123 129 146 148 116
104 132 134 136 144 90
132 134 139 138 103 80
118 112 119 158 123 100
Retention rate of tensile 118 116 148 153 149 99
strength/ % 119 139 147 121 145 103
76 91 154 134 118 106
100 110 153 132 147 96
68 116 149 120 150 92
65 98 144 137 138 74
0.777 8 0.7000 0.545 5 0.5316 0.893 6
0.6087 0.591 6 0.575 3 0.518 52 0.763 6
0.976 7 0.875 0 0.893 6 0.600 0 0.451 6
0.893 6 1.000 0 0.518 5 0.913 0 0.711 9
Correlation coefficient 0.976 7 0.591 6 0.552 6 0.583 3 0.700 0
0.688 5 0.608 7 0.976 7 0.626 9 0.736 8
0.750 0 0.3529 0.424 2 0.506 0 0.5915
0.8235 0.446 8 0.575 3 0.477 3 0.933 3
0.471 9 0.344 3 0.451 6 0.341 5 0.646 2
0.567 6 0.350 0 0.371 7 0.368 4 0.840 0
Correlation degree 0.754 0. 586 0.589 0. 547 0.727
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Table 6 Correlation degree of glass fiber reinforced bromide epoxy vinyl ester composite between Lasa

natural aging and artificial accelerated aging

Correlation degree

Mechanical properties

Light aging Hydrothermal aging 80 °C hot aging 120 C hot aging Hot water aging
Tensile strength 0. 684 0. 567 0. 641 0.699 0. 545
Flexural strength 0.569 0. 608 0.576 0. 582 0. 630
Compressive strength 0.754 0. 586 0.589 0. 547 0.729
Average value 0. 669 0. 587 0. 602 0. 609 0.634
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Table 7 Mechanical properties of glass fiber reinforced
bromide epoxy vinyl ester composite exposed in Wanning area

Retention rate/ %

Period/month Tensile Flexural Compressive
strengh strengh strengh

0.5 108 101 125

1 93 101 124

2 95 105 120

3 103 102 132

6 105 103 124

9 98 100 115

12 99 102 105

18 95 72 87

24 89 78 80

36 98 69 83

£8 BAAL/RURAZHEBENTHREARZUBRREENAINEEZURBXKE

Table 8 Correlation degree of glass fiber reinforced bromide epoxy vinyl ester composite between

Lasa natural aging and artificial accelerated aging

Correlation degree

Mechanical properties

Light aging Hydrothermal aging 80 C hot aging 120 C hot aging Hot water aging
Tensile strength 0.632 0.599 0.693 0.795 0. 591
Flexural strength 0. 644 0. 686 0.633 0.638 0.674
Compressive strength 0.743 0.595 0.618 0.597 0.732
Average value 0.673 0.627 0. 648 0.677 0.666
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Table 9  Regression calculation process of compressive strength retention rate Y of glass

fiber reinforced bromide epoxy vinyl ester composite with aging time ¢ in light

accelerated aging experiment

i ti/h Yi/% t—t Y.-Y (ti—1)? (Y, —Y)? =Y~
1 80 132 —731.25 18. 38 534 726. 56 337. 64 —13 436.72
2 150 134 —661. 25 20, 38 437 251. 56 415. 14 —13 472,97
3 300 112 —511,25 —1.63 261 376. 56 2. 64 830. 78

4 500 116 —311.25 2.38 96 876. 56 5.64 —739.21

5 960 91 148. 75 —22.63 22 126. 56 511. 89 —3 365,47

6 1 200 110 388. 75 —3.63 151 126. 56 13.14 —1 409. 22

7 1500 116 688. 75 2,38 474 376. 56 5. 64 1635.78

8 1 800 98 988. 75 —15.63 977 626. 56 244. 14 —15 449. 22
Average value 811. 25 113. 625 — — — — —
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Table 10 AF and AFS of glass fiber reinforced bromide

epoxy vinyl ester composite in Lasa and Wanning by

taking retention rate of compressive strength as an indicator
Location ASF AFsox% AF utimately
Lasa 5.68-+0.092 0/¢ 5.69 5.68
Wanning 7.25+4+0.278 2/t 7.29 7.25
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Fig.1 ASF of glass fiber reinforced bromide epoxy viny!l ester
composite between light accelerated aging comparison and

natural aging in Lasa and Wanning vs natural aging time
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