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Abstract
The effect of reinforcement material and manufacturing method on tensile, impact, and hardness properties of glass 
and basalt laminated composites were studied. Woven glass and basalt fabrics were used as reinforcements along with 
a thermosetting epoxy matrix to fabricate the laminate composites. The glass and basalt epoxy composites were made 
using hand layup with compression, vacuum bagging, and vacuum-assisted resin infusion methods. The characterization 
tests are performed as per the ASTM D638-10, ASTM D256, and ASTM D2240 standard respectively. The basalt epoxy 
composites show improved mechanical properties compared to the glass–epoxy composites. Further, hand layup, along 
with compression moulding and resin infusion methods, were found to be beneficial in improving the mechanical 
properties of the composites. Field emission scanning electron microscopic analysis conveyed the adhesion between 
fibers and resin as well as the voids retained within the matrix are the dominant factors that determined the mechanical 
properties of the laminated composites such as tensile, impact strength and hardness.
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1 Introduction

Due to high stiffness to weight ratio and high process 
ability, the fiber-reinforced polymer composites are used 
in aerospace, automobile, marine and defense sector [1]. 
The reinforcement of fibers escalates the properties of 
the composite materials [2]. Design methodologies also 
have been proposed to reduce the aircraft weight by using 
more than 50% of primary structural components by fiber 
reinforced epoxy composites [3]. The reinforcing phase can 
be in the form of fibers (short and long), particles, or flakes. 
The critical length that decides the short/long fiber is 
10 mm. The commonly used composites in aircraft indus-
try include polymer matrix composites (PMC) and metal 
matrix composites (MMC). Few studies also been reported 
in improving the properties of the polymer composites by 

using alternative manufacturing method to achieve high 
performance composites. According to the form of rein-
forcing material and matrix, the manufacturing method 
varies [2, 4]. In the domain of the polymer matrix with fiber 
reinforcement, there are different manufacturing methods 
suggested by the diverse research group for aeronautical/
marine applications [1–4].

Kanthraju et al. [1] fabricated glass–basalt hybrid fiber 
with and without fillers like graphite and Polytetrafluor-
oethylene (PTFE) using hand layup followed by com-
pression moulding. The experimental investigations on 
the loading of graphite filler to glass basalt hybrid fiber 
reinforced composites shows superior mechanical per-
formance compared to unfilled and PTFE filled compos-
ites [1]. Mechanical behaviour, microstructure and crack 
propagation of glass, basalt and carbon fabric reinforced 
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mono and hybrid epoxy composites prepared by hand 
layup method for wind turbines have been investigated by 
Tamas et al. [6]. The result shows the similar behaviour of 
glass and basalt reinforced composites by the similar crack 
propagation method [6]. Residual strength and damage 
characterization of glass fiber, basalt fiber and its hybrid 
reinforced in epoxy laminates prepared using hand layup 
method were studied by Andrew et al. [7]. The result from 
compression after impact test shows that glass laminate 
possessed the highest resistance to impact damage. The 
low-velocity impact behaviour of hybrid composite lami-
nates prepared by hand layup was investigated by Behnia 
et al. [8]. The alternative layers of the aramid, glass, basalt, 
and carbon fabrics (hybridization) reinforced in epoxy 
improves the mechanical performance of composites [8]. 
Colombo et al. [9] identified basalt fibers as a valid alter-
native to carbon and glass fibers for their lower cost and 
strength respectively. Subagia et al. [10] investigated the 
performance of the carbon-basalt/epoxy hybrid compos-
ites prepared using vacuum-assisted resin transfer mould-
ing (VARTM) by subjecting it to flexural load. The results 
showed that the flexural properties strongly depended 
on the reinforcing position of carbon and basalt fabric 
[10]. Bozkurt et al. [11] experimentally investigated the 
effect of basalt fiber hybridization on vibration damping 
and tensile properties of carbon fiber/epoxy composites 
prepared using VARTM process. The results showed that 
incorporation of basalt fiber into the carbon fiber/epoxy 
composites significantly affected the tensile strength, 
tensile modulus and enhanced damping properties [11]. 
Fiore et al. [12] evaluated the influence of external layers of 
basalt on the durability behaviour of flax reinforced epoxy 
composites prepared using vacuum bagging method 
(VBM). The experimental results convey that the hybridi-
zation with basalt fibers can be considered as a practical 
approach for enhancing the durability of natural fibers 
composites under salt-fog environment conditions [12]. 
In another work, Fiore et al. [13] evaluated the influence 
of uniaxial basalt fabric layers on the mechanical perfor-
mances of a glass mat/epoxy composite prepared using 
VBM for marine applications. Presence of two external lay-
ers of basalt has been identified as the contributing fac-
tor for the highest increase in mechanical properties of 
hybrid laminates compared to those of GFRP laminates 
[13]. Lopresto et al. [14] conducted experiments on E-glass 
and basalt fiber by reinforcing in the plastic matrix using 
VBM to replace glass fibers in most of the applications. 
The results show the high performance of the basalt mate-
rial in terms of young modulus, compressive and bending 
strength, impact force and energy [14].

From the literature, it is clear that different views have 
been shown by various researchers. Therefore, focused 
research on the effect of reinforcement material (glass 

and basalt fabric) and manufacturing method (HLC, VBM, 
VARIM) on mechanical properties is required to fabricate 
glass and basalt reinforced epoxy composite and this 
research work attempts on doing that.

2  Experimental details

E-glass fabric (220 GSM) and basalt fabric (230 GSM) were 
used as bi directional plain woven reinforcements in 
an epoxy polymer matrix. The matrix system used is an 
epoxy resin (LAPOX-L12) and a K-6 hardener (aromatic 
amines) supplied by Atul Limited, Gujarat, India. LAPOX-
L12 is a pale yellow liquid epoxy resin with medium vis-
cosity. Hardener K-6 is a low-viscosity room temperature 
curing liquid. The resin hardener mixture is prepared by 
mixing resin and hardener in 10:1 ratio. The fabrics used 
for making hybrid composites were prepared by cutting 
the fabric to the required size (298 mm × 123 mm) accu-
rately by means of computer numerically controlled (CNC) 
board cutting machine. The accuracy maintained here is 
to attain the proper matrix reinforcement ratio. All the 
glass and basalt composites were prepared by maintain-
ing glass fabrics (22 layers) and basalt fabrics (18 layers) 
for all the manufacturing method. The layers used in the 
current investigation is arrived from the previous inves-
tigation [15]. Three methods were used to fabricate the 
composites. The properties of reinforcements and matrix 
are shown in Table 1 and the details of the laminated com-
posites under study are shown in Table 2.

2.1  Hand layup along with compression moulding

The composites were fabricated by placing a suitable num-
ber of accurately cut glass fabrics (22 layers) and basalt 
fabrics (18 layers). LAPOX L-12 resin and K-6 hardener were 
used in the hand layup process. The epoxy hardener mix-
ture is applied on the fabric surface followed by applying 
pressure through hand rollers. The hand layup process 
is followed with compression moulding in the die using 
compression moulding machine. The process parameters 
maintained in the compression moulding process were 
pressure of 10 bar and a temperature of 100 °C. The die 

Table 1  Physical and mechanical properties of reinforcement and 
matrix [15]

Properties E-glass fiber Basalt fiber Epoxy resin

Density, kg m−3 2550 2750 1290
Tensile modulus, GPa 70–76 89 2.73
Tensile strength, MPa 2500 3150 30
Elongation at break, % 1.8–4.8 3.15 2
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was kept in closed position for 24 h to maintain the uni-
form compaction pressure. The pressure applied in the 
compression moulding helps to achieve the uniform thick-
ness of the composites. The plate was taken out from the 
die and cured in the direct sunlight for another 24 h. The 
thickness of the composites obtained under this method 
is in the range of 3 mm.

2.2  Vacuum bagging method

The glass and basalt epoxy composites were made using 
the vacuum bagging method (VBM). This method involves 
an initial hand lay-up phase using glass fabrics (22 layers) 
and basalt fabrics (18 layers) and resin hardener mixture 
followed with polymerization of the mixture in a flexible 
bag in which negative pressure is reached by a vacuum 
pump. The air leakage is the challenge faced here which is 
overcome through the operator’s skill and experience. The 
other limitations in this method are non-reusable vacuum 
bag, flow distribution medium, peel ply, sealing tape and 
resin tubing. The polymerized laminates were allowed to 
cure at room temperature for 24 h. The post curing were 
performed at 60 °C for 8 h. The post-curing stimulates the 
hardening mechanism between thermosetting resin and 
hardener and achieves the better mechanical properties of 
the composites. The thickness of the composites obtained 
under this method is in the range of 4.5 mm.

The disadvantages vacuum bagging is Chance of air 
leakage is high and strongly depends on worker’s skill, 
experience. The resin injection pressure is limited between 
the environmental pressure (e.g., the atmospheric pres-
sure) and the vacuum.

2.3  Vacuum assisted resin infusion method

The composites were fabricated using vacuum assisted 
resin infusion method (VARIM). A stack of glass (22 L) and 
basalt fabrics (18 L) were laid onto the mould, which was 
then sealed with vacuum bag. The applied vacuum cre-
ated a pressure difference which sucked the resin hardener 

mixture into the fabric lay-up via spiral tubing. During 
the infusion stage, vacuum pressure was maintained at 
78 ± 10 kPa (630 mm of Hg) using a vacuum pump, which 
is a low-cost system. The excess resin rejected is retained 
within the suction tubes, unable to arrive the resin 
absorbed by the fabrics. The resin weight used is indicated 
from the calculation. Laminates were cured at 100 °C for 
8 h. The thickness of the composites obtained under this 
method is in the range of 4.25 mm.

The resulting composite plates prepared using all the 
above methods were sliced using water jet machining 
(WJM) as per ASTM standard for tensile, hardness and 
impact strength. The machined samples were post cured 
in an air oven at 40 °C for 30 min to remove the moisture 
entrapped during WJM process. The tensile test was per-
formed using an Instron universal testing machine (UTM) 
with a crosshead speed of 5 mm/min, as per ASTM: D638-
10 test standard. The Charpy impact test was performed 
using the swinging pendulum-type impact tester. The 
ASTM D256 standard is used to conduct impact test. The 
hardness test was executed using Shore D hardness tester 
as per ASTM D2240 standard. All the tests were conducted 
with five samples taken from each manufacturing method 
and the average values were taken for discussion. The 
outcomes of the mechanical tests were justified with field 
emission scanning electron microscope (FESEM) examina-
tion and Energy-dispersive X-ray spectroscopy (EDS) analy-
sis carried out using ZEISS FESEM.

3  Results and discussion

3.1  Tensile strength

The tensile strength of glass and basalt epoxy compos-
ites prepared using hand layup followed by compression 
moulding method (HLC), vacuum assisted resin infusion 
method (VARIM) and vacuum bagging method (VBM) are 
shown in Fig. 1. The glass and basalt epoxy composites 
prepared using HLC, VARIM and VBM methods records the 

Table 2  Details of the 
laminated composites under 
study

Specimen code HLC VBM VARIM

Manufacturing method Hand layup followed by compression 
moulding

Vacuum bag-
ging method

Vacuum 
assisted 
resin 
infusion 
method

Process parameter Hand pressure through rollers
Manual resin filling through brush

Vacuum pres-
sure

Resin through 
Vacuum 
pump

Vacuum 
pressure

Vacuum 
pump and 
resin injec-
tion
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tensile strength of 180 MPa, 170 MPa, 160 MPa, 202 MPa, 
195 MPa and 188 MPa respectively. It is evident that the 
tensile strength of basalt epoxy composites is higher than 
glass epoxy composites in all the manufacturing methods. 
The increase in tensile strength of basalt epoxy composites 
is due to the reinforcement of high tensile basalt fibers in 
the epoxy matrix [15].

Comparing the manufacturing methods, hand layup 
followed by compression moulding method achieves the 
highest tensile strength compared to other two manu-
facturing methods. The increase in the tensile strength is 
attributed towards removal of entrapped fine air bubbles 
in between the fabric layers and epoxy. The removal of 
entrapped air is achieved by combined effect of rollers 
used in the hand layup process and compaction pressure 
maintained during the compression moulding process as 
observed in the field emission scanning electron micro-
scopic picture of Fig. 2. As a result of compaction, better 
interfacial adhesion is achieved between the fiber and 
the matrix which is also observed from the same figure. 
The EDS spectra of the basalt fiber reinforced in the epoxy 
matrix shown in Fig. 3 confirms the presence of Si, Al, Ca, 
Na, Mg, K, Fe and ferric oxides which constitute the com-
position of basalt [16, 17]. In contrary to this result, Abdu-
rohman et al. [5] have reported that vacuum assisted resin 
infusion method yields higher mechanical properties and 
the pump used to create the vacuum is responsible for the 
injection of resin into the fabrics.

3.2  Impact strength

The impact strength of glass and basalt epoxy composites 
under investigation is shown in Fig. 4. The glass and basalt 
epoxy composites records the impact strength of 80 kJ/
m2, 85 kJ/m2, 83 kJ/m2, 100 kJ/m2, 98 kJ/m2 and 99 kJ/m2 
respectively. It is evident that the impact strength of basalt 

epoxy composites is higher than glass epoxy composites 
in all the manufacturing methods. The increase in impact 
strength of basalt epoxy composites is due to the chemi-
cal composition basalt fibers in the epoxy matrix [16]. 
Comparing the manufacturing method the HLC method 
achieves the highest impact strength compared to other 
two method. The increase in impact strength is attributed 
to the removal of entrapped air bubbles in between the 
fabric layers. The Figs. 5 and 6 depicts the FESEM obser-
vations of basalt epoxy composites prepared using HLC 
method and VARIM method respectively. Presence of 
voids/bubbles is not noticeable in the prior whereas 
the same can be witnessed in the later. The removal of 

Fig. 1  The tensile strength of glass and basalt epoxy composites

Fig. 2  The FESEM observation of basalt epoxy composite in HLC 
method

Fig. 3  EDS spectra of basalt fiber
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entrapped air is achieved by combined effect of rollers 
used in the hand layup process and compression pressure.

3.3  Hardness

The shore D hardness of glass and basalt epoxy com-
posites under investigation is shown in Fig. 7. The glass 
and basalt epoxy composites prepared using the above 
records the hardness of 78 SD, 75 SD, 73 SD, 99 SD, 95 
SD and 90 SD respectively. It is evident that the hard-
ness of basalt epoxy composites is higher than glass 
epoxy composites in all the manufacturing methods. The 

increase in hardness of basalt epoxy composites is due 
to the reinforcement of harder basalt fibers in the epoxy 
matrix [15]. The hardness of the fiber is due to origin of 
basalt fibers from volcanic basalt rocks.

Comparing the manufacturing method the HLC 
method achieves the highest Shore D hardness com-
pared to other two manufacturing methods. The 
increase in the hardness is attributed towards the adhe-
sion achieved by basalt fibers in the epoxy matrix. The 
adhesion is achieved by the pressure applied through 
the rollers during the wetting of fabrics and the effec-
tive compaction pressure, an important factor which 

Fig. 4  The impact strength of glass and basalt epoxy composites

Fig. 5  FESEM observation of basalt epoxy composite using HLC 
method

Fig. 6  FESEM observation of basalt epoxy composite using VARIM 
method

Fig. 7  Hardness of glass and basalt epoxy composites
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removes entrapped air bubbles thereby achieving the 
better mechanical properties of composites.

4  Conclusion

This investigation reports the result of mechanical charac-
terization conducted on glass and basalt epoxy compos-
ites prepared using hand layup along with compression 
moulding, vacuum bagging and vacuum-assisted resin 
infusion method. The following conclusions were made.

1. Basalt epoxy composites is superior compared to 
glass–epoxy composites in the tensile performance.

2. The impact strength and hardness of basalt based 
composites are higher than that of glass epoxy com-
posites.

3. Basalt epoxy composites exhibited superior mechani-
cal properties when compared to glass–epoxy com-
posites prepared using all the three methods.

4. Basalt fabric can be suggested as the best alternative 
material to the glass fabric in the epoxy matrix.

5. Hand layup followed with compression moulding 
method offers better mechanical properties compared 
to vacuum bagging and vacuum assisted resin infusion 
method.
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