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ABSTRACT: Two kinds of resin based lightweight composites: glass fiber reinforced unsaturated polyester (GF/197S) and
glass fiber reinforced vinyl ester (GF/905-2) were selected to carry out accelerated tests in simulated marine environment of salt
spray aging, hydrothermal aging and salt water immersion for 9 600 h in laboratory. The effects of the three aging environments
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on properties of the GFRPC showed that the failure sequence of the three aging methods on the composites was 70°C/95% RH
(relative humidity), 35 “C salt spray, normal temperature salt water immersion. Deterioration behaviors of GFRPC were studied
based on various mechanical properties. The tensile strength, flexura strength, compressive strength and interlaminar shear
strength of materials changed significantly with the aging hours. The tensile strength of GF/197S, mainly reflecting reinforced
fiber performance, decreased slowly with the aging time, while the compressive and shear properties, which reflected the matrix
resin performance, decreased dramatically firstly and then increased with the aging time. For vinyl ester based composites, the
tensile properties decreased slowly with the aging time, while the compressive and shear properties maintained firstly and then
decreased rapidly with the aging time. Fourier transform attenuated total reflection infrared spectroscopy (ATR-FTIR) was used
to analyze the changes of resin matrix with the aging time. The fracture morphology of tensile failure samples was ohserved by a
camera and analyzed by a SEM. At the same time, the change of resin/fiber interface of the bending destruction sample was de-
tected by ultrasonic scanning imaging for the first time. The two detection results clearly showed that the main failure mode in
the bending destruction process was resin debonding from fiber. The effects of three accelerated aging methods on the thermal
properties of GFRPCs were analyzed by differential scanning calorimetry (DSC) and thermogravimetric analysis (TG). The re-
sults showed that the decrease of glass transition temperature (tg) caused by thermal environment mainly led to the decrease of
compressive and shear strength of GFRPCs. Failure process of GF/197S in tensile destroy process in hydrothermal atmosphere
is as follows: resin debonding from fiber in early aging stage followed by resin degradation in later aging stage. The failure
mode of tensile destroy process of GF/905-2 in hydrothermal atmosphere is as follows: the resin fiber is pulled out from the
resin mass in the early aging stage, and the resin begins to degrade in the later aging stage. The research results of aging behavior,
degradation mechanism and failure mode of two advanced lightweight resin matrices under simulated marine environment lay a
foundation for environmental adaptability evaluation and service life prediction of high-performance resin matrix composites.
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Tab.1 Aging experiment conditions for GFRPC

Aging method Aging standard Experimental condition
— [29] « i
Hydrothermal GB 257‘_1' 198_9 ;" Test mgthod for resstancenof glass 60 ‘C, 95%RH (Relative humidity)
fiber reinforced plastics to hydrothermal
_ [30] « ;

_Salty Water GB{T 10793 19894, . Test method for resistance of glass 25 °C.. 5% NaCl water solution

Immersion fiber reinforced plastics to water and accelerated test”

Salt spray GBI/T 1771—2007"3Y, “Paint and varnishes-Determination ~ 5% NaCl fumes at 35 °C, solution pH: 6.8~7.2,

of resistance to neutral salt spray”

precipitation rate of salt spray: 1.8 mL/(h-80 cm?)

1.5 MeEMik A&
TG: K HEE Mt it STA 449C [RIAE T, SR
FARS, RS HC N 50 mL/min, FHE R A 10 “C/min,
DSC: % H7# = it 5th DSC 3500 I 22 7R 47 i 1 #4
I, AA WS 50 mL/min, FHE B A 10 )C/min,
SEM: SR ZEHE FEI 4 QUANTA 200 145 H
TR, EasYiEl 6x107~2 600 Pa, Jik 1 000
&, B JE R 200 V~30 KV, 4r#E% 3.5 nm,

ATR-FTIR: FH3£E PE /A w] Spectrum 400 £1.4h
FEREAL, RN 4 om ™t J5TE Y Rl A 400~4 000 cmi ™,

#E C Hig . RAMEK RDTECH A
Tomoscan Focus #4 C 14l MG 2R 45, bk i & &2
SN 12 kHz,

FiEERE FERAORH R AR ERE L 25 i dERE . 551
PEREF AR MEREMEA T IR, M4 T2 HL
WA S, TEARTEINS % 451 (23£2) C . 50%+5%RH
T 24 h, BRI R BRI RS DL 2,
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Tab.2 Determination standards of mechanical properties for GFRPC

Mechanical property

Determination standard

L oaded speed/(mm-min2)

GB/T 1447—2005!27, “Fiber-reinforced plastics composites-

Tensile strength - . : 2
Determination of tensile properties’
[32] «Eiherrai ; :
Flexural strength GB/T 1449—2005. , .FI ber-reinforced plastllcs composites- 2
Determination of flexural properties”
c . GB/T 1448—2005!% | “Fiber-reinforced plastics composites-
ompressive strength - . . 5
Determination of compressive properties’
JCIT 773—2010", “Fiber-reinforced plastics composites-Determination
Shear strength ) ) 1
of apparent interlaminar shear strength by short-beam method”
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Fig.1 Mechanical properties evolution curves of GF/197S with aging time: a) tensile strength; b) flexural strength;
c) compressive strength; d) shear strength
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Fig.2 Mechanical properties evolution curves of GF/905-2 with aging time: a) tensile strength; b) flexural strength;
¢) compressive strength; d) shear strength
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Fig.3 Macroscopic picture of appearance tensile failure mode of original GFRPC specimens and that after aging for 6
200 hin different ways
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Fig.4 Ultrasonic scanning images of original GFRPC specimens and that of flexural failure specimens after aging for 6 200 h
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Fig.5 Micro SEM images of interlaminar microstructure of tensile failure GFRPC specimens after aging for 6 200 h in different ways
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Fig.6 Typical molecular structure of unsaturated polyester
resin in GF/197S
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Fig.8 Typical molecular structure of vinyl ester resin
in GF/905-2
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