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Abstract
The effect of interface modification on the interfacial adhesion and tensile properties of glass fabric/epoxy composites was 
evaluated in two directions of 0° and +45°. Herein, the glass fabric surface was modified by colloidal nanosilica particles 
and by a new blend of silane-coupling agents including both reactive and non-reactive silanes. Composite samples with high 
strength and toughness were obtained. A simultaneous improvement of tensile strength and toughness was observed for an 
epoxy composite reinforced with a hybrid-sized glass fabric including silane mixture and nanosilica. In fact, the incorporation 
of colloidal silica into the hybrid sizing dramatically modified the fiber surface texture and created mechanical interlocking 
between the glass fabric and resin. The results were analyzed by the rule of mixtures (ROM), Halpin–Tsai (H–T), and Chamis 
equations. It was found that the ROM equations provided approximate upper bound values for all investigated composite 
samples. In the samples containing nanosilica, the shear and elastic moduli values calculated by the Chamis and ROM 
equations showed good agreement with those obtained from experiments. However, in other samples, the values calculated 
by the H–T equation showed a better agreement with the experimental data. The analysis of fracture surfaces indicated that 
both silane and nanosilica particles had influence on the mode of failures at the interface.
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Introduction

Nowadays, composites and nanocomposites have shown 
promising features including electrical, mechanical, and 
thermal properties in different applications such as sports 
goods, aerospace fields and automotive industries [1–4]. 
Fiber-reinforced composites can be fabricated with differ-
ent types of fibers, namely carbon, Kevlar, and glass fibers. 
Glass fibers, as cost-effective reinforcements, possess out-
standing merits such as high tensile strength, great chemical 
resistance, and excellent insulating property [5–8]. Fiber-
reinforced polymer composites have attracted great attention 
in the last 30 years, compared with common structural mate-
rials, namely steel and aluminum. Such progress comes from 
their high strength and stiffness as well as light weight. The 

reason for this superior performance is ascribed to the syn-
ergistic effect stemming from the symbiosis of multi-scale 
constituents, e.g., micro- and nano-reinforcements. It is also 
hypothesized that this synergy is related to the interactions 
between fibers and polymeric matrixes [7, 9, 10].

It is well-known that the interphase plays a predominant 
role in determining interfacial-related properties of com-
posites. For instance, a strong interfacial adhesion can effi-
ciently transfer stress from the matrix to fibers, playing a 
key role in the determination of mechanical performance as 
well as guaranteeing the reliability [11–13]. There are two 
effective approaches to improve the adhesion between resin 
and glass fibers: micromechanical interlocking and chemical 
bonding which can support and promote composite proper-
ties [14–18]. It is supposed that mechanical attachments are 
introduced into the interphase by incorporation of nanopar-
ticles into the sizing composition, wherein silane is capable 
of enhancing the interphase through chemical interactions 
[19–21].

A wide range of studies have been devoted to offer meth-
ods for tailoring fiber–matrix adhesion, which results in 
desired composite properties. Nonetheless, increasing the 
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