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ABSTRACT

In this paper, the thermal and flame properties of GFRP with various flame retardant(aluminum
trihydrate, antimony trioxide) compositions have been investigated by thermal analysis and flam-
mability tests(LOI test, flammability 45 degree test). The flame and mechanical properties(hard-
ness, tensile strength, modulus) of general purpose grade glass fiber/unsaturated polyester
composite with flame retardant composition have been also evaluated. The effect of cure pressure
on the flame properties of aerospace grade glass fiber/epoxy composite was investigated. Consid-
ering the flame and mechanical property of composite, we could determine the optimum flame
retardant composition(ATH 10~20 phr). Test results show that the flame property of glass fiber/
epoxy composite is considerably affected by cure pressure conditions.

Keywords : Flame retardant, Flammability, Thermal analysis, Composites
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Table 1. Flame retardant resin system (unit: phr)
Neat | ATH [ Sb,0; Neat | ATH [$b,0;
resin | (phr) } (phr) resin | (phr) | (phr)

S1| 100 0 0 S41 100 30 2.5

S2| 100 10 25 |S5]| 100 | 50 25

S3| 100 20 25 |[S6| 100 | 50 0
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&Fe ¢ AaAF ¥3E & 5 Uk 7 *H
o2 AxH AW GAFTE B Sl
DSC-50(Differential Scanning Calorimeter; Shimadzu
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Fig. 1. Pyrolysis behaviors with various resin compositions.
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Fig. 2. DSC curves with various resin compositions.
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Fig. 3. DSC curve difference with Sb,05 addition.
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Fig. 4. DSC curves with different atmospheric conditions.
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Table 2. Flammability 45 degree test result of glass fiber/
polyester composite

=4[ AR [ Ay eskdel[dshas]
=7 HE | (seq) | (em) | (emd) | T
1 62 150 97 X

S1 2 76 175 126 X
3 68 162 112 X

1 67 127 83 X

S2 2 70 125 85 X
3 65 120 70 X

1 70 63 63 X

S3 2 8 27 27 X
3 49 46 46 X

1 84 82 35.2 X

S4 2 45 60 26.6 X
3 62 70 32.4 X

1 65 74 74 X

S5 2 75 88 88 X
3 102 97 97 X

Table 3. Flammability 45 degree test result of glass fiber/
epoxy composite

ey A |2 eekdol [esteA ]

ZA WE | (sec) (cm) (cmd | =%

1 X 93 48 X

Atmosphere 5 »; % 2 »;
pressure

3 X 89 47 X

Autoclave 1 X 82 40 X

pressure 2 X 87 41 X

3.1 kgem® |3 x 94 5| x

Autoclave 1 X 73 32 X

pressure 51| 2 X 76 37 X

kg/em® |3 x 75 34 | x
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Fig. 5. LOI test result of glass fiber/polyester composite
with flame retardant compositions.
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Fig. 6. LOI test result of glass fiber/epoxy composite
with different pressure conditions.
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Fig. 8. Micro Vickers hardness of neat resin with flame
retardant compositions.
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Fig. 9. Micro Vickers hardness of composite with flame
retardant compositions.
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Fig. 10. Tensile test result of composite with flame
retardant composition.
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