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a b s t r a c t

We investigated the effect of different stacking sequences of carbon and basalt fabrics on the flexural
properties of hybrid composite laminates. The hybrid composites were fabricated using a vacuum-
assisted resin transfer molding process. Three-point bending test was performed and the fracture sur-
faces were examined by scanning electron microscopy. The present results showed that the flexural
strength and modulus of hybrid composite laminates were strongly dependent on the sequence of fiber
reinforcement. All the stacking sequences showed a positive hybridization effect. The interply hybrid
composite with carbon fiber at the compressive side exhibited higher flexural strength and modulus than
when basalt fabric was placed at the compressive side. Here, the proper stacking sequence of basalt and
carbon fiber layers was found to improve the balance of the mechanical properties of the hybrid compos-
ite laminate.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

In the last few decades, there has been increasing interest in
using hybrid composite materials for structural applications due
to their improved and better properties than their individual mate-
rial constituent [1]. Hybrid composites are fabricated by combining
two or more different reinforcement materials in a common ma-
trix. By doing so, a new material is fabricated with new and addi-
tional properties [2]. Carbon fibers are widely known
reinforcement materials due to their superior properties such as
high mechanical strength and modulus of elasticity [3], low den-
sity, and good flame resistance. It makes carbon fiber irreplaceable
in wide sectors of engineering technology such as for automobile,
aircraft, ships, construction, and sport equipment [4–7]. However,
carbon fiber composites are rather susceptible to stress concentra-
tion due to the brittleness of carbon fiber [4]. In addition, carbon
fiber involves costly production. One way to improve the weakness
of carbon fiber reinforced plastic (CFRP) composite is by replacing
some layers of the carbon fiber by ductile fibers. This is called
hybridization, which can lead to benefits in cost and enhancement
of mechanical and physical properties, thus creating new types of
materials. Park and Jang [8] incorporated polyethylene (PE) fibers

with carbon fibers in an epoxy matrix to form a hybrid composite
laminate. They used PE fibers because of its high elongation at
break, and high specific strength and stiffness. They concluded that
the mechanical properties of hybrid composite strongly depended
on the reinforcing fiber position, such that, when carbon fiber was
positioned at the outermost layer, the hybrid composite showed
the highest flexural strength.

One of the recent promising materials for the fabrication of hy-
brid composites is basalt fiber. As an inorganic fiber, basalt fiber
has good strength, modulus, better strain to failure than carbon fi-
ber, high operating temperature range, good chemical resistance,
can easily be processed, eco-friendly, and inexpensive [9–11].
Some researchers have indicated that basalt fiber has comparable
or even better tensile and compressive properties than glass fibers
[12,13]. Hence, basalt fibers gained increasing attention as a brand
new reinforcing material for hybrid and composite laminates.
Among the potential applications of the basalt-carbon fiber/epoxy
composites would be on lightweight load bearing structures such
as for vehicles. The weight of a vehicle directly impacts the energy
consumption, i.e., less weight, less consumed energy. Carbon fiber
composites are now being adopted in the automotive industry due
to their excellent properties. The use of CFRP in cars could decrease
the vehicle’s weight by 40–60% [14]. However, the high cost of car-
bon fiber only limits its application to luxury cars and aerospace
vehicles. Thus, there is a need to reduce the cost of CFRP without
sacrificing a lot in its mechanical performance. The promising
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properties and low cost of basalt fibers could be a potential candi-
date as reinforcement for CFRP to obtain a lightweight and low-
cost material (since basalt fiber is much cheaper than carbon fiber)
with comparable mechanical performance with CFRP. Several
researchers have studied the incorporation of basalt fibers with
other reinforcement materials in composite laminates. Lopresto
et al. [9] reported better Young’s modulus, compressive strength
and flexural behavior for basalt fiber-reinforced plastic (BFRP)
compared to glass fiber reinforced plastic, but the latter had better
tensile strength. Manikandan et al. [15] concluded that basalt fiber
composites showed generally superior properties than those of the
glass fiber reinforced polymer. Extensive studies have been done
on the improvement of properties of CFRP and BFRP by incorporat-
ing nanoparticles [16–18], filler fibers [2,19], and surface modifica-
tions [20] in the composite material. However, only very few
studies have been carried out on the combination of carbon fiber
and basalt fiber to affect the hybrid composite material properties.
The hybridization of carbon fibers with basalt fibers would ulti-
mately reduce the costs and expand the application fields of the
hybrid composite material [21]. To the authors’ best knowledge,
no study has been carried out yet on the effect of different stacking
sequences and number of basalt fiber and carbon fiber layers in a
hybrid composite laminate.

In this work, interply hybrid composites were prepared with
carbon fiber and basalt fiber as reinforcements and epoxy resin
as the matrix. Some of the factors that can influence the mechan-
ical performance of the composite from the reinforcement include

fiber orientation, fiber shape, fiber material, and length of fiber
[22]. The objective of this study was to investigate the effect of dif-
ferent stacking sequences of fabric layers on the overall mechanical
properties of the hybrid composite. Three-point bending test was
carried out to predict the flexural strength and modulus of hybrid
composites, while scanning electron microscopy (SEM) was uti-
lized to check the fractured surfaces of hybrid composite after flex-
ural test.

2. Experimental

2.1. Materials

Carbon fiber (C120-3K, woven, 200 ± 10 g/m2) was supplied by
Hyun Dai Fiber Co. Basalt fiber (EcoB4-F210, woven, 210 ± 10 g/
m2) was supplied by Seco-Tech. A mixture of epoxy (HTC-667C)
with modified aliphatic amine hardener was supplied by Jet Korea
Co. and was used as the matrix. Tables 1 and 2 show the properties
of the present woven fabrics and epoxy resin, respectively.

2.2. Fabrication of hybrid composite laminates

The hybrid composite laminates were fabricated using a vac-
uum-assisted resin transfer molding (VARTM) process. The VARTM
is a liquid molding technique to manufacture complicated compos-
ite structures [23]. Generally, VARTM process consists of five steps,
which include: (a) mold preparation and fabric lay-up; (b) sealing
of the mold and creating a vacuum; (c) resin preparation and
degassing; (d) resin impregnation, and; (e) curing of fabricated
panels. Here, the hybrid composite laminates were fabricated fol-
lowing the flowchart shown in Fig. 1a and the curing process in
Fig. 1b. The schematic layout of the present VARTM set-up is
shown in Fig. 2. Carbon and basalt fabrics, cut to a size of
250 mm � 250 mm, were arranged with different stacking se-
quences on a bronze plate mold (300 mm � 300 mm). In the pres-
ent study, for each configuration of carbon–basalt/epoxy
composite laminate, a total of ten plies of plain carbon and basalt
woven fabrics were stacked in every laminate. The weight fraction
of both carbon and basalt fibers was about 62 wt% in every panel of
hybrid composite laminate. The lamina was then wrapped with a
vacuum bagging film using a sealant tape (AT200Y). The epoxy re-
sin with hardener (epoxy/hardener ratio of 5:1) was then injected
into the mold through a vacuum pump with a pressure of �80 kPa
for more than 40 min. The wetted fiber reinforcements were cured
in an autoclave for 2 h at a constant temperature and pressure of
65 �C and 80 kPa, respectively.

Table 1
Properties of the present carbon and basalt plain woven fabrics.

Carbon fiber
(C120-3 K)

Basalt fiber
(EcoB4-F210)

Fabric weight (g/m2) 200 ± 10 210 ± 10
Warp construction (Thread count/in) 12.5 22
Fill construction (Thread count/in) 13.5 26
Fabric thickness (mm) 0.25 ± 0.02 0.19–0.20

Table 2
Properties of the present epoxy resin (HTC-667C) material.

Specific gravity (25 �C) 1.16 ± 0.02
Viscosity (cps, 25 �C) 1200 ± 500
Hardener Modified aliphatic amine
Tensile strength (MPa) 63.7
Compressive strength (MPa) 88.2
Flexural strength (MPa) 81.3

Fig. 1. (a) Process flow chart used in the fabrication of hybrid composites using VARTM, and (b) the curing process.
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