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Failure Behavior of Carbon Fiber Composites in Simulated Acid Rain

CHEN Hao, ZUO Yu, TANG Yu-ming, ZHAO Xu-hui
(School of Materials Scince and Engineering. Beijing University of Chemical Technology, Beijing 100029)

Abstract: To study the failure behavior of carbon fiber composites in simulated acid rain, electrochemical im-
pedance spectroscopy (EIS) was employed to study the failure behavior of carbon fiber composites in stimula-
ted acid rain. The mechanical properties were tested by universal testing machine. The failure mechanism was
analyzed by FT-IR and XPS. SEM showed the cross sectional microstructure of composites. The results show
that the EIS could distinctly reflect the failure behavior under full-time immersion and constant potential ca-
thodic polarization, respectively. The EIS of specimens under immersion slightly change. The resin layer
provids a shielding function. The EIS of specimens under constant voltage illustrates a greater degree of dam-
age. Solution medium permeates into the resin layer rapidly, which caused the dramatic decrease of low fre-
quency impedance magnitude and the radius of capacitive reactance arc. At early stage, the EIS plots show dif-
fusion characteristics and then turn into the mixed control of electron transfer and diffusion. The mechanical
property test indicates small changes of the specimens under immersion and a great degradation of the bending
and inter lamination shear performance of specimens under constant potential cathodic polarization. The inter-
face bonding strength was reduced. Component analysis and SEM reveale that there is no chemical reaction ba-
sically under immersion condition. Constant potential cathode polarization facilitate the hydrolyzation of the
resin layer, leading to the resin’s fracture and blister, which boost the failure of the composites.
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Fig. 2 EIS of the resin—covering 5428/T700 in simulated acid rain under condition of immersion
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Fig. 3 EIS of the bare—fiber 5428/T700 in simulated acid rain under condition of immersion
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Fig. 5 EIS of the resin—covering 5428/ T700 in simulated acid rain under condition of =600 mV constant voltage
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Table 1 Bending properties of the 5428/T700 under different conditions

Strength/ Strength retention Modulus/ Modulus retention
Experimental condition
MPa rate/ % GPa rate/ %
Original state 1712 100. 0 141.0 100. 0
Simulated acid rain for 90 d 1537 89.8 132.5 94.0
—600 mV simulated acid rain for 90 d 1405 82.1 116.7 82.8
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Table 2 Interlaminar shear properties of the 5428/T700 under different conditions

Strength/ Strength retention Modulus/ Modulus retention
Experimental condition
MPa rate/ % GPa rate/ %
Original state 1428 100.0 100. 1 100. 0
Simulated acid rain for 90 d 1339 93.8 77.4 77.3
-600 mV simulated acid rain for 90 d 969 67.9 69.9 69. 8
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