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Surface organic treatment of fumed silica and its improvement effects on PVC foaming
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Abstract : To improve foaming uniformity and mechanical properties of polyvinyl chloride (PVC) materials, silane coupling
agents y-aminopropyltriethoxysilane (KH550) and vy-methacryloyloxypropyltrimethoxysilane (KH570) were used as surface treat-
ment agents to perform surface modification on fumed silica filler in PVC. Structural and performance changes of fumed silica
before and after modification were analyzed through multiple characterization methods, and the modified fumed silica was applied
in PVC foaming materials. Particle size analysis results show that average particle size of untreated fumed silica is 524.34 nm. After
modification with KH570 and KH550 respectively at the optimal reaction temperature (70 °C), the average particle size was reduced
to 118.68 nm and 175.26 nm, significantly improving the dispersibility. The results of water contact angle tests and scanning electron
microscopy (SEM) observations indicate that hydrophobicity of modified fumed silica is obviously enhanced and agglomeration is
reduced. Fourier transform infrared spectroscopy analysis reveals that compared with untreated samples, intensity of hydroxyl
absorption peak of modified fumed silica is weakened, indicating that organic groups of silane coupling agents are successfully

grafted onto the surface of fumed silica. Thermogravimetric analysis results show that untreated fumed silica has no significant
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weight loss in range of 30—800 °C ; however, at 800 °C, the weight loss rates of the samples treated with KH570 and KH550 were

17.10% and 17.90% respectively, confirming effective grafting of organic modification layer. After incorporating 1 wt% modified

fumed silica into the PVC foaming system, the foaming uniformity of PVC is significantly improved. Compared with samples

without fumed silica addition, tensile strength of samples added with fumed silica modified by KH570 and KH550 is increased by

88.06% and 37.31% respectively, and nominal strain at break is increased by 30.55% and 25.00% respectively , effectively enhancing

mechanical properties of PVC materials. The research results can provide a reference for application of silane coupling agent-

modified fumed silica in PVC foaming systems.

Keywords : fumed silica ; silane coupling agent ; surface treatment ; polyvinyl chloride foaming ; pore bubble structure
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Sample number Weight/g
PVC-C 170.99
PVC-0 174.96
PVC-2 171.78
PVC-5 170.69
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