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Fiber reinforced polymer composite (FRPC) materials are superior to other conventional materials 

because of their high strength to weight ratio, corrosion resistance, and moisture resistance [1]. Therefore, 

FRPC materials are preferred in many high-end applications such as marine, automobile, aerospace, and 

advanced sporting goods [2]. Epoxy polymer resins are preferred as matrix material over other polymers 

in many high-end applications. Nanoparticles as a secondary reinforcement tend to improve the 

mechanical and thermal properties of matrix material as well as improve the interfacial bond between fiber 

and matrix [3]. Various organic and inorganic nanoparticles have been investigated by many researchers 

[4]. Even a small percentage of nanoparticle addition significantly influences mechanical properties of 

FRPC materials [5]. The degradation of FRPC materials depends on the nature of the environment and 

the unique responses of the constituents [6]. A great deal of research has been focused on the durability 

of FRPC materials that are subjected to extreme environmental conditions such as ultraviolet radiation 

(UV), seawater, salt-fog spray, or a combination of both. Not only the matrix and reinforcement but also 

the interphase/interface undergo changes during their service life under these environments. 

This study investigated the effect of UV radiation and salt fog spray on the fracture surface morphology 

of nanoclay infused FRPC materials. Composite samples were fabricated using carbon fibers and SC-15 

epoxy, modified with montmorillonite nanoclay (MMT) as a binary reinforcement. Eight grams of MMT 

and 400 grams of SC-15 resin (2 weight % MMT in epoxy resin), were dried in an oven for 2 hours at 

100°C. Specifically, the nanoparticles mixed with 301.54 grams of part A were magnetically stirred at 350 

rpm and 40°C for 3 hours. Then, 90.46 grams of part B were added to the mixture that was further 

mechanically stirred at 800 rpm for 10 minutes. Fabrication of FRPC samples was done using the 8-inch 

carbon fiber mat as reinforcement and SC 15 reinforced with 2 wt. % MMT as the matrix. Layers of carbon 

fiber mats were wet with the hardener mixed resin mixture to fabricate composite laminates using a 

combination of hand layup and compression mold methods. Flexural properties were investigated using 

MTS testing equipment. The testing equipment was run under displacement control mode with a crosshead 

speed of 1.2 mm/min at room temperature. UV and salt fog spray conditioning were performed on the 

samples for 1, 2, 3, and 4 week periods. The conditioned samples were tested and compared with 

unconditioned samples. Fractured samples were investigated using a scanning electron microscope 

(SEM). Surfaces of failed samples were initially sputtered with thin layer of gold-palladium under vacuum 

prior to SEM imaging. 

The results indicated that UV and salt fog spray conditioning affects the flexural properties of FRPC 

materials. Flexural strength and modulus decreased with longer UV exposure. The control samples 

showed flexural strength of 256 MPa and modulus of 24 GPa. However, after 4 weeks of UV exposure, 

the samples showed 6.37% and 12.54% decrease in flexural strength and modulus, respectively. The 

micrographs also revealed the detrimental effect of UV conditioning. Figure 1 represents the comparison 

of the micrographs of controlled and 4 week UV conditioned samples. After 4 weeks UV exposure, a large 

amount of matrix was washed away from fibers (Figure 1). Therefore, it can be inferred that UV 

conditioning affects the flexural properties of FRPC materials by fiber and matrix debonding. 

Salt-fog spray conditioning also affects the flexural properties of FRPCs. After 4 weeks salt-fog spray 

conditioning, the samples showed 9.7% and 17.33% decrease in flexural strength and modulus, 
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respectively. Figure 2 represents the comparison of the micrographs of control and 4 week salt-fog spray 

conditioned samples. After 4 weeks of salt-fog spray exposure, a large amount of matrix was washed away 

from fibers (Figure 2). 

UV radiation and salt-fog spray affect the mechanical properties of FPRC materials by reducing the 

cohesiveness between the fiber and matrix interface/interphase. This result must be considered when 

designing any FRPC materials for real life applications. 

 
Figure 1. Micrographs of the fracture samples (a) Control vs (b) UV conditioned samples 

 
Figure 2. Micrographs of the fracture samples (a) Control vs (b) Salt-fog Spray conditioned sample 
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