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Abstract In this study, the impact and flexural properties

of woven basalt fiber/phenolic (BFP), woven carbon fiber/

phenolic (CFP) and woven basalt/woven carbon hybrid

phenolic (BCFP) composites are investigated. The

hybridization effect of woven basalt and woven carbon

fibers on the impact energy absorption and flexural prop-

erties is investigated for various weight ratios of basalt/

carbon hybrid fibers such as 1:0, 0.83:0.17, 0.68:0.32,

0.61:0.39, 0.34:0.66 and 0:1. It is found that the impact

properties of the composites are strongly improved when

the basalt fiber increased. Impact energy absorption of CFP

composite showed a regular trend of increase with

increasing weight ratio of basalt fiber in hybrid fiber

composite. The lowest impact energy absorption values are

found for the composites with weight ratio 0:1 (CFP), with

average of 70 kJ/m2. Corresponding values for energy

absorptions are obtained for 0.83:0.17, 0.68:0.32,

0.61:0.39, 0.34:0.66 basalt/carbon weight ratio in hybrid

composites. The impact energy absorption of hybrid

composites (BCFP) shows the highest value with an

average of 219 kJ/m2, when the weight ratio of 0.83:0.17 is

used. Finally, the impact energy absorption of BFP com-

posites with the weight ratio of 1:0 shows the highest value

of 268 kJ/m2. The experimental evidence shows that the

hybrid composites based on combinations of stiff carbon

fibers and tough basalt fibers have good flexural properties

and therefore, they can be used as promising materials in a

number of engineering sectors such as the protective

structures.
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Introduction

In recent years, fiber-reinforced polymers have been

extensively used in various industries such as aerospace,

marine, transportation and defense, because of their high

specific strength and stiffness [1]. However, the advantages

of these materials are significantly reduced because of their

susceptibility to damage by low-velocity impacts [2].

One of the ways to achieve the improved impact resis-

tance of composite materials is hybridization process. The

incorporation of different types of fibers into a single

matrix has led to the development of hybrid composites.

The most brittle fiber, known as first type fiber, in hybrid

composites is almost always carbon fiber, while the second

type fiber, known as the hybridization fiber, typically has a

higher failure strain [3, 4].

The polymer matrix hybrid composites with several

advantages are already studied and summarized by several

authors in the literature [5–7]. It is generally accepted that

the properties of hybrid composites are controlled by fac-

tors such as nature of matrix; nature, length and relative

composition of the reinforcements; fiber–matrix interface;

and hybrid design, etc. [8–10].

Many researchers have widely studied the impact

properties of composites. Bader et al. [11] have investi-

gated the impact behavior of carbon fiber epoxy composite

materials using the Charpy impact test of V-notched

specimens. Siddeswarappa and Kaleemulla [12] have
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