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ABSTRACT 
In this study, interfacial shear strength of resin particles added to carbon fiber/maleic anhydride 
grafted polypropylene(MAPP) in a hot-wet environment was investigated. Resin and non-resin 
particles added carbon fiber/MAPP were immersed in distilled water at 80°C for 14 days. After that, 
micro-debonding tests of resin and non-resin particles added carbon fiber/MAPP were conducted at 
room temperature. The number of resin particles in carbon fiber surface after micro debonding tests 
was calculated by Scanning Electron Microscope(SEM). As a result, the following conclusion was 
obtained: in the case of immersion for 14 days, the interfacial shear strength of resin particles added 
to carbon fiber/MAPP increased compared with that of non-resin particles added to carbon 
fiber/MAPP. From a fracture morphology observation, the total number of resin particles on the 
carbon fiber surface after an immersion time of 14 days was larger than that in the non-immersion 
case. This is because water penetrates the interfaces between carbon fiber and MAPP. However, resin 
particles may prevent water penetrating to the center of the specimen, because the surface area of 
carbon fiber was increased by the addition of resin particles. Therefore, resin particles on a carbon 
fiber surface were effective in increasing the interfacial shear strength of carbon fiber/MAPP in a hot-
wet environment. 
Keywords:  interfacial shear strength, carbon fiber, maleic anhydride grafted polypropylene, resin 
particles addition, water absorption, hot-wet environment. 

1  INTRODUCTION 
In Europe, BMW Co., Ltd. Produced the BMW i7 using carbon core technique [1]. So, the 
weight of the vehicle decreased 130 kg by carbon core technique. Carbon fiber is used as a 
consistent material for BMW i7. The carbon fiber has high specific stuffiness and strength. 
Recently, Carbon Fiber Reinforced ThermoPlastic (CFRTP) is used as stack frame of fuel 
cell vehicle, MIRAI [2]. The CFRTP will be applied to parts and frames of many vehicles. 
Therefore, many papers about molding [3]–[5] and mechanical properties [6]–[11] of 
CFRTP have been published. Many parts of vehicle are used under water and moisture 
environments. So, some research about effects of water absorption on interfacial shear 
strength of carbon fiber/thermoplastic have also been conducted. 
    Tanaka et al. [12] reported on interfacial shear strength of water absorbed carbon 
fiber/polyamide (polyamide 6, 12 and 66). Interfacial shear strengths of their composites 
after immersion for 100 hours decreased compared with those non-immersed composites. 
Papers about effect of water absorption on interfacial shear strength of carbon 
fiber/polycarbonate have also been published [13]. The interfacial shear strength of 
carbon fiber/polycarbonate decreased with an increase of immersion time until 400 hours. 
     Among thermoplastics, polypropylene is focused as matrix of CFRTP for vehicle. 
Generally, polypropylene is modified by maleic anhydride because interfacial adhesion 
between carbon fiber and polypropylene is low. In addition, surface treatment of carbon 
fiber is investigated for improvement of interfacial adhesion between fiber and resin. 

 
 www.witpress.com, ISSN 1746-4471 (on-line) 
WIT Transactions on Engineering Sciences, Vol 116, © 2017 WIT Press

Materials and Contact Characterisation VIII  299

doi:10.2495/MC170311



    Meng et al. [14] reported about inter-surface performance of oxidation treated carbon 
fiber/epoxy. The carbon fiber surface after oxidation treatment became uneven. Interfacial 
shear strength of carbon fiber/epoxy resin increased 13% by oxidation treatment (H2O2 
3ml). Hara et al. [15] reported on interfacial shear strength of resin particle added carbon 
fiber/maleic anhydride grafted polypropylene(MAPP). The interfacial shear strength of 
carbon fiber/MAPP increased by resin particle addition. 
     Parts and frames of vehicle are used under high environmental (ambient) temperature. In 
Japan, the maximum temperature of dashboard in vehicle in July was about 80ºC [16]. So, 
interfacial shear strength of carbon fiber/MAPP under hot-wet environment can be 
increased by surface treatment with resin particles addition. However, there are few papers 
about interfacial shear strength of composite using resin particle added carbon fiber under 
hot-wet environment. 
     This study investigated the interfacial shear strength of resin particle added carbon 
fiber/MAPP under hot-wet environment. 

2  SPECIMENS 
Resin and non-resin particles added to carbon fiber (Sekisui Chemical Co., Ltd.) were used 
as reinforcement. MAPP (UMEX 1001, Sanyo Chemical Industries Co., Ltd.) was used as 
matrix. The concentration of MAPP was 5%. Fig. 1 shows schematic drawing of specimen 
for micro debonding test. Embedded length of resin droplet was from 0.1mm to 0.3mm. 

3  TESTING METHODS 

3.1  Water absorption test 

Water absorption tests of resin and non-resin particles added carbon fiber/MAPP were 
conducted in distilled water. The environmental temperature of the water absorption test 
was 80ºC. The maximum immersion time was 14 days. 

3.2  Micro debonding test 

Micro debonding tests of resin and non-resin particles added carbon fiber/MAPP were 
conducted before and after water absorption test. The environmental temperature was room 
temperature. The crosshead speed of micro debonding test was 0.1mm/min. The interfacial 
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Figure 1:  Schamatic drawing of specimen. 
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shear strength τ is obtained by following eqn (1). 

Ld
F

･･π
τ max=

 
,                                                         (1) 

where, d is diameter of carbon fiber, L is embedded length and Fmax is maximum load. 

3.3  Fracture morphology observation 

Before and after immersion, fracture morphologies of resin and non-resin particle added 
carbon fiber/MAPP were observed by Scanning Electron Microscope(SEM) (SU-8010, 
Hitachi High-technologies Co., Ltd.).  

3.4  Number of resin particle measurement 

Form fracture morphology observation, diameter and number of resin particles on carbon 
fiber surface at five areas (10μm each) were measured in fiber direction. After that, the 
average value of number of resin particles was calculated. 

4  RESULTS AND DISCUSSION 

4.1  Interfacial shear strength of carbon fiber/MAPP after immersion 

Fig. 2 shows interfacial shear strength of resin and non-resin particles added carbon 
fiber/MAPP before and after immersion. In case of non-immersion, the interfacial shear 
strength of resin particles added carbon fiber/MAPP almost did not change, compared with 
that of non-resin particles added carbon fiber/MAPP. The interfacial shear strengths of resin 
and non-resin particles added carbon fiber/MAPP after immersion for 7 days decreased 
67% and 58%, respectively, compared with those of resin and non-resin particles added 
carbon fiber/MAPP before immersion. Then interfacial shear strength of non-resin particles 
added carbon fiber/MAPP gently decreased with an increase of immersion time. But, 
interfacial shear strength of resin particles added carbon fiber/MAPP slightly increased with 
an increase of immersion time. In case of immersion, the interfacial shear strength of resin 
particles added carbon fiber/MAPP increased, compared with that of non-resin particles 
added carbon fiber/MAPP. So, the interfacial shear strength of carbon fiber/MAPP under 
hot-wet environment was affected by resin particle addition. 
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Figure 2:    Interfacial shear strength of resin and non-resin particles added carbon 
fiber/MAPP before and after immersion. 
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    Figs 3 and 4 show fracture morphologies of resin and non-resin particles added 
carbon fiber/MAPP before and after immersion. In case of non-resin particles added carbon 
fiber/MAPP, MAPP on carbon fiber surface almost did not found except for meniscus area. 
In case of resin particles added carbon fiber/MAPP, resin particles on carbon fiber surface 
was found. Those were because that water penetrated to interface between carbon fiber 
surface and MAPP with an increase of immersion time.  

5μmMeniscus
(a) 

5μmMeniscus
(b) 

5μmMeniscus

(c) 

Figure 3:    Fracture morphologies on non-resin particles added carbon fiber/MAPP before 
and after immersion. (a) Non-immersion; (b) Immersion time 7 days; (c) 
Immersion time 14 days. 
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Figure 4:    Fracture morphologies of resin particle added carbon fiber/MAPP before and 
after immersion. (a) Non-immersion; (b) Immersion time 7 days; (c) 
Immersion time 14 days. 

4.2  Number of resin particles measurement of resin particles added carbon fiber/MAPP 

Fig. 5 shows number of resin particle on carbon fiber surface before and after micro 
debonding test. And Fig. 6 shows number of resin particle on carbon fiber surface after 
immersion. In case of all conditions, 0.5μm size resin particles on carbon fiber surface 
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were mainly found. Resin particles at more than 2.0μm size on carbon fiber  
surface almost were not found before and after immersion. 
     Fig. 7 shows total number of resin particle on carbon fiber surface. Total number of 
resin particle on carbon fiber surface after micro debonding test decreased 83%, 
compared with that of carbon fiber surface before micro debonding test. Total number 
of resin particle on carbon fiber surface increased with an increase of immersion time. 
Total number of resin particle on carbon fiber surface after immersion for 14 days 
greatly increased, compared with that of immersion for 8 days case. Those are because 
that water penetrates to interface between carbon fiber surface and MAPP. However, resin 
particles may prevent water penetration to the center of specimen because surface area of 
carbon fiber was increased by resin particles addition (see Fig. 8). Therefore, resin particles 
on carbon fiber surface were effective in increase of interfacial shear strength of carbon 
fiber/MAPP under hot-wet environment. 
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Figure 5:    Number of resin particle on carbon fiber surface. (a) Before micro debonding 
test (virgin); (b) After micro debonding test (non-immersion). 
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Figure 6:    Number of resin particle on carbon fiber surface after immersion. (a) 
Immersion time 7 days; (b) Immersion time 14 days. 
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Figure 7:  Total number of resin particle on carbon fiber surface. 
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Figure 8:  Water penetration on carbon fiber surface under hot-wet environment. 

5  CONCLUSION 
In this study, the interfacial shear strength of resin particles added carbon fiber/maleic 
anhydride grafted polypropylene under hot-wet environment was investigated. As a result, 
following conclusions are obtained. 
     In case of immersion by 14 days, the interfacial shear strength of resin particles added 
carbon fiber/maleic anhydride grafted polypropylene increased compared with that of non-
resin particles added carbon fiber/maleic anhydride grafted polypropylene. From fracture 
morphology observation, 0.5μm size resin particles on carbon fiber surface were 
mainly found. And, total number of resin particle on carbon fiber surface increased 
with an increase of immersion time. Resin particles may prevent water penetration to the 
center of specimen because surface area of carbon fiber was increased by resin particles 
addition. Therefore, resin particles on carbon fiber surface were effective in increase of 
interfacial shear strength of carbon fiber/maleic anhydride grafted polypropylene under hot-
wet environment. 
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