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Abstract 

In this study carbon nanotubes (CNTs) were grown on carbon fibers to enhance the in-plane 

and out-of-plane properties of fiber reinforced polymer composites (FRPs). A relatively 

low temperature synthesis technique was utilized to directly grow CNTs over the carbon 

fibers. Several composites based on carbon fibers with different surface treatments (e.g. 

growing CNTs with different lengths and distribution patterns and coating the fibers with a 

thermal barrier coating (TBC) layer) were fabricated and characterized via on- and off-axis 

tensile tests.  The on-axis tensile strength and ductility of the hybrid FRPs were improved 

by 11% and 35%, respectively, due to the presence of the TBC and the surface grown 

CNTs. This configuration also exhibited 16 % improvement on the off-axis stiffness. 

Results suggest that certain CNT growth patterns and lengths are more pertinent than the 

other surface treatments to achieve superior mechanical properties. 
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