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Abstract
To achieve electrical conductive composites, carbon fibers (CFs) were introduced to polypropylene–thermoplastic polyure-
thane (PP/TPU) blends. In combination, a definite amount of silica  (SiO2) nanoparticles were added as reinforcing agents to 
impregnate CFs and further improve the mechanical, thermal and electrical properties of CFs-modified PP/TPU composites. 
These quaternary composites were investigated by X-ray diffractometry technique, thermogravimetric analysis, scanning 
electron microscopy (SEM), mechanical measurement and electrical conductivity test. The results demonstrated that the 
crystallinity and flow rate of PP/TPU composites dropped after compounding with CFs, though they increased by the addition 
of  SiO2. Both CFs and  SiO2 improved the impact and tensile strength of quaternary composites, which were arising from 
the large aspect ratio of CFs and the reinforcement effect of  SiO2 nanoparticle, respectively. Furthermore, CFs–PP/TPU and 
(CFs + SiO2)–PP/TPU composites exhibited superior thermal stability over PP/TPU composites, and (3CFs + 3SiO2)–PP/
TPU composite exhibited a maximum value. It is attributed to the restriction of polymer chain motion created by the CF 
fillers and the insulating effect of  SiO2. The SEM micrographs revealed the presence of plastic bands for CFs–PP/TPU and 
(CFs + SiO2)–PP/TPU composites and more refined arrangement of the fibers after incorporation of  SiO2. This refinement 
resulted in higher electrical conductivity of (CFs + SiO2)–PP/TPU composites compared with CFs–PP/TPU composites.
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Introduction

Polypropylene (PP) is one of the most common commer-
cial thermoplastics. Thanks to its excellent comprehensive 
properties, such as high heat distortion temperature, chemi-
cal resistance and good process ability, PP and its compos-
ites (PP/ABS, PP/SiO2, PP/nylon 6, etc.) are widely used as 
polymer materials to fabricate automotive interior decora-
tion, electric casings and other products [1, 2]. Nevertheless, 
PP has disadvantages in electrical conductivity and stiffness 
which still restricts its application [3, 4]. Owing to the supe-
rior impact strength, adhesion and excellent abrasion resist-
ance of thermoplastic polyurethane (TPU), blending PP with 
TPU is proved to be a feasible way to improve the physical 
and thermal properties of PP [5, 6]. However, PP and TPU 
are immiscible mutually because of their big differences in 
polarity and interfacial tensions [7], thus the TPU phase in 
PP/TPU composites exists in a linear structure instead of a 
cross-linked network. This incompatibility has a significant 
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