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Abstract. The natural fibre-reinforced polymeric composites attract the manufacturing industries due to their recyclability,
cost-effectiveness and eco-friendly nature. The natural hybrid reinforced polymeric (HNRP) composite overcomes the
limitations in mechanical properties of the mono-natural fibre-reinforced composites. In this research work, the effect of
barium sulphate (BaSO4 ) on the mechanical characterization of HNRP (aloevera/flax/barium sulphate) composites was
examined as per ASTM standard. BaSO4 is preferred as a filler based on the absence of self-motion, high density and
high melting point (1580◦ C). The thermal stability of the HNRP composite was determined by thermogravimetric analysis
(Model: TG/DTA 6200). The water absorption and dynamic mechanical properties of the HNRP composites were estimated.
The fractography images were analysed to recognize the fractured surface morphology using a scanning electron microscope.
The HNRP5 composite has the maximum tensile strength of 34.72 MPa, predominantly based on the interlocking of the flax
fibre and plasticity of the composite improved by the influence of BaSO4 . The impact strength decreased noticeably with the
addition of barium sulphate in the composite. The weight reduction of around 7–9% was observed in the temperature range
of 100–200◦ C. The mono-composites (HNRP1&2) absorbed, respectively, 4.8 and 3.5% of moisture; with the addition of
BaSO4 , the same combination absorbed 4.2 and 3.2% of water content, which was due to the low water absorption capability
of BaSO4 . The storage modulus of the HNRP5 composite has maximum magnitude in the glassy region and minimum in
the rubber region.
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1. Introduction
In the current scenario, the natural fibres are used as an alternative material in many of the industries, because of their low
manufacturing cost, less weight, high stiffness and specific
strength, non-corrosivity, low production energy consumption, eco-friendliness and biologically degradable nature.
Natural fibres can be processed easily as they are non-abrasive
as well as hypoallergenic in nature [1–4]. The harvesting season, harvesting region, sun, rain, soil condition and maturity
of the plant influence the physical and mechanical properties
of the natural fibre [5]. The cellular structure and low density of the natural fibre permit better thermal and acoustic
properties [6]. In the automotive industry, the natural fibre is
widely used to make door liners, dashboards, packing trays,
passenger seat parts, headliners and trunk liners [7]. Presently,
establishing the impact resistance in nature fibre-reinforced
composite is becoming a big challenge for the researchers
[8]. In the last few decades, the aloevera (Aloe barbadensis Miller) has been identified as a medical plant. Aloevera
gels are extracted by cutting the leaves and the leftover outer
layer as a by-product. Aloevera is widely used in cosmetics,
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food and pharmaceutical industries [9]. The aloevera leaf has
inner gel, and middle and outer layers. The inner gel layer
has 99% of water content and the remaining amount is made
of vitamins and acids. The middle layer is yellow in colour,
and it possesses glycosides and anthraquinones. The outer
layer is the thickest layer, which acts as a protector [10].
The aloevera inner layer gel is used in medical applications
and the outer layer is used as fibre. The strength of the fibre
depends on the production method, fibre type, fibre length and
binder type [10]. The flax fibre has very good tensile properties close to those of glass fibres and the stiffness property
from 741 to 1454 MPa [11,12]. The spun and woven form
of flax (linum usitatissimum) fibre was initially used in textile applications. The fine and long flax fibres are spun into
yarns in linen textiles. It is the most widely used bio-fibre
[13,14]. Flax fibres consist of two layers, namely thin cellulosic layer and thick non-cellulosic layer [15]. Flax fibre
has 2% of lignin, and 80% of the fibre cross-section is reinforced with a 10◦ angle from the fibre axis. It also enhances
fibre tensile properties [16,17]. The mechanical properties of
mono-natural fibre [18] are shown in table 1. Barium sulphate is a water-insoluble yellowish small crystal powder.
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Mechanical properties of mono-natural fibres [18].

Fibre
Bagasses
Bamboo
Banana
Coir
Cotton
Hemp
Jute
Kenaf
Oil palm
Sisal

Table 2.
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Density (g cm−1 )

Tensile (MPa)

Elongation (%)

Flexural (MPa)

Water absorption (%)

1.25
0.6–1.1
1.35
1.15–1.46
1.5–1.6
1.4–1.5
1.3–1.49
1.4
0.7–1.55
1.33–1.5

222–290
140–230
500
188–308
287–800
550–1110
393–800
223–930
80–248
363–700

1.1
2.5–3.7
1.5–9
15–51.4
7–8
1–3.5
1–1.8
1.5–27
17–25
2–7

13
N/A
36
N/A
N/A
N/A
N/A
77.4
N/A
N/A

70–75
40–45
N/A
130–180
N/A
N/A
N/A
50–75
N/A
60–70

Physical properties of barium sulphate [19,20].

Physical properties of barium sulphate (BaSO4 )
Molecular weight
Molecular formula
Topological polar surface
area
Monoisotopic mass
Colour
Density
Insoluble
Application

Boiling point
Melting point

233.383 g mol−1
BaSO4
88.6 A2
233.857 g mol−1
White or yellowish odorless
powder or small crystals
4.25–4.5 g cm−3
Water
A weighting mud in oil-drilling,
paints, paper coatings,
linoleum, textiles, rubber
2912◦ F at 760 mm Hg
(decomposes)
2876◦ F

BaSO4 has a high melting point (1580◦ C) and the density
is 4.25–4.5 g cm−3 [20]. In the plastics, paint and varnish
industries, barium sulphate serves as a filler, which improves
the plasticity and weight of materials and also it is used in wide
applications like car mats production, coating of carpet and
sewage pipelines. Barium sulphate is a preferred reinforcement in the fabrication of friction lining, clutch and brake
lining due to its chemically nonresponsive and high thermal
resistivity properties (table 2). It is used for nuclear reactors applications due to its high radiation coefficient [20].
From the existing work, the researchers point out that in the
natural composite fabrication, selection of fibre and the reinforcement play a crucial role. In the present work, an attempt
was made to fabricate green fibre HNRP composite using
aloevera, flax, BaSO4 and epoxy resin. The influences of
BaSO4 on the mechanical, DMA and thermal properties of
HNRP composites were assessed based on ASTM specification. The bonding strength and physical defects on the surface
of HNRP composites were analysed using a scanning electron
microscope (SEM).

Figure 1. Chemical treatment of woven (a) aloevera fibres and
(b) flax fibres.

2. Materials and testing
2.1 Materials
The aloevera and flax fibres were procured in the woven
format from the Jute Association, Chennai, India. In the fabrication of HNRP composite, barium sulphate served as a
reinforcement and epoxy resin (LY556 + HY951) was added
as a binder.
2.2 HNRP composite preparation
The alkaline treatment improved the physical and mechanical
properties of aloevera and flax fibre. Initially, the fibres were
immersed in 10% of sodium hydroxide (1 h) and 5% of potassium permanganate (1 h). Further, the fibres were immersed
in 2% sodium laurel sulphate for 30 min, and then washed and
dried for 24 h (figure 1a and b). Figure 2 illustrates the fabrication and characterization procedure of HNRP composites.
A mould box made of glass plate (400 × 300 × 8 mm3 ) size
was chosen for the preparation of the HNRP composites. The
additive properties between the composite and the mould were
prevented by applying a releasing agent (poly-vinyl alcohol)
on the mould surface. After spreading the releasing gel applied
on the mould surface, a polythene sheet was introduced for
the easy removal of the composite from the mould box.
The fabricated woven fibres were placed over the polythene
sheet according to the mould size. The hand lay-up method
was employed for the fabrication of six different HNRP
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Figure 2. Fabrication and characterization procedure of HNRP composites.

composites. The epoxy resin was mixed with the hardener
in the proportion of 10:1 ratio and it was spread evenly on the
surface by brushing method [19]. Next, a reinforcement fibre
layer was placed on the epoxy resin surface and the excess
resin and air bubbles were removed by the rolling process.
The procedure was repeated to obtain the required thickness
and 24-h curing was performed at room temperature. The
code, fibre stacking sequence, volume fraction and density of
HNRP composite are presented in table 3.
The HNRP1 composite (A4) consists of four monolayers
of aloevera, and HNRP2 composite (F4) has four monolayers
of flax fibres with epoxy resin. Alternating layers of aloevera
and flax fibres were used to fabricate the HNRP3 composite (AFAF). Subsequently, the three composites (HNRP4–6)
were arranged by adding BaSO4 in the same sequence of the
fibre orientation used in composites HNRP1–3. The different combinations of the fabricated composite are presented in
table 4. The fabricated tensile, impact and flexural specimens
were prepared according to ASTM standard (figure 3).
2.3 Tensile test
The ultimate tensile strength was evaluated from the tensile test by preparing the specimen as per ASTM D638
(figure 3a). The ASTM D638 specimen dimensions are

165 × 19 × 3 ± 0.45 mm3 (figure 4a). A universal testing
machine (Fuel Instruments and Engineering) was preferred
to evaluate the ultimate tensile strength. The workpiece was
held in between the upper and lower jaw of the UTM machine
and a tensile load was applied gradually at a spindle speed of
3 mm min−1 .
2.4 Hardness test
The hardness of the HNRP composite material was estimated
using a Rockwell hardness testing machine. A 10 × 10 mm2
specimen (figure 4f) was prepared according to ASTM D4762
standard and a steel ball indenter of 1/16 in. diameter with a
maximum load of 60 kg was used to conduct the test [21].
2.5 Impact test
An impact testing machine was identified to evaluate the
impact strength of the fibre according to ASTM D256
(figure 3b). The test specimens were machined according to this ASTM standard (127 × 12.7 × 3 ± 0.45 mm3 )
(figure 4e) [21]. The specimen fractured due to the impact
of the pendulum falling from the height of 135◦ . The amount
of energy absorbed by the HNRP composite during the test
was recorded and analysed.
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Code, fibre stacking, volume fractions and densities of HNRP composite.
Volume fraction (%)

Code

Name of the fibre

Fibre stacking sequence

Fibre (%)

Fibre + BaSO4 (%)

Epoxy resin (%)

Density (g cm −3 )

A4

4 layers of aloevera
fibre (A)

25 HNRP1

(20+5) HNRP4

75

0.313

F4

4 layers of flax fibre (F)

25 HNRP2

(20+5) HNRP5

75

0.235

A2F2

2 layers of aloevera
(A) + 2 layers of flax
fibre (F)

25 HNRP3

(20+5) HNRP6

75

0.274

2.6 Flexural test
The developed composite is subjected to flexural strength test
under three-point bending with reference to ASTM D790
[21], and it is shown in figure 3c. In the universal testing
machine, the load was applied at the middle of the specimen
(figure 4c and d), which led to bending and fracture of the
HNRP composite. The breaking load and the deflection of
the composite were recorded.

2.7 Water absorption test
The test specimens were prepared as per ASTM D570 standard. The initial weight of the dry specimen was measured
using an electronic weighing machine (Sansui Electronics
model; SSP 10 LC) with an accuracy of 0.001 mg. The initial
weight of the specimens was measured in dry condition and
thereafter immersed in a water bath at room temperature for
2 h. The specimen was dried using tissue papers and weighed
again [22]. The following mathematical relation is used to
evaluate the water absorption characteristics [23]:

WA (%) =

(Mw − Md )
× 100
Md

(1)

where WA (%) is % of absorbed water content, Mw is mass of
the dry specimen (mg) and Md is mass of the specimen after
water absorption (mg).
2.8 Thermogravimetric analysis
The thermogravimetric test was performed to analyse the
thermal stability of the composite material (Model: TG/DTA
6200). The thermogravimetric analysis (TGA) test was conducted at precise rate of heating and controlled temperature
conditions. The test was performed at a heating rate of
20 LC min−1 in nitrogen atmosphere. A computer-controlled
instrument with pyrics software was used for this analysis.
The TGA results were correlated based on the weight percentage as a function of temperature.
2.9 Dynamic mechanical analysis
The HNRP composites were subjected to dynamic mechanical analysis (DMA) to analyse the dynamic properties like
storage modulus (E  ), loss modulus (E  ) and the damping
factor (tan δ) [19]. The dynamic responses of the composites
were analysed in the DMS6100 SII (Inkarp) nanotechnology, Japan, by applying sinusoidal input force with operating
frequencies range of 1 Hz. The test samples were prepared
with the dimensions of 50 × 13 × 3–3.5 mm3 for the DMA.

3.90

3.2

4.2

4.8
3.5
4.12
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50
93
29.49 ± 0.67

9 ± 0.95

54
90.12
34.72 ± 0.32

7 ± 0.21

43
94.24
26.91 ± 0.87

9.8 ± 0.8

38
45
41
17 ± 0.98
12 ± 0.24
14 ± 1.1
120.24
99.62
102.42
21.78 ± 0.071
25.3 ± 0.12
23.74 ± 0.96

The test was carried out at temperature 25–154◦ C, magnitude
sinusoidal force (1 Hz) and the heating rate of 2◦ C min−1 .

A2F2 + BaSO4

F4 + BaSO4

HNRP6

Addition of BaSO4
HNRP4

The fractured images were analysed using the SEM CARL
ZEISS; Model: EVO MA15 at an accelerating voltage of
15 kV. Different magnifications (100×, 200× and 250× were
employed to analyse the fibre defects like fibre fracture, fibre
pull-out and voids.

3. Results and discussion
3.1 Tensile test
The addition of BaSO4 particles influenced the ultimate tensile property of the composite (figure 5). The addition of
BaSO4 in HNRP5 composite provides superior tensile property than the mono- and alternate oriented fibre composites
(HNRP4 and HNRP6). The maximum tensile strength of
34.72 MPa (table 4) was observed in HNRP5 composite and
it was due to the fibre treatment, location of the test, outer
diameter and microstructure [15,24]. The suitable combination of matrix and filler addition enhanced the strength of the
composite. In addition to this, interlace of woven fibre composite can enhance the strength by the interlocking between
the fibre arrangements [6,25,26].
3.2 Impact test
The obtained impact strength results reveal that the HNRP1
composite absorbs more energy than the other HNRP composites (figure 6). The inclusion of BaSO4 minimized the energy
absorption characteristics of the mono-oriented (HNRP4 and
HNRP5) composites and the alternate arrangement of fibre
layer (HNRP6) composite. The toughness of the HNRP composite was influenced by the factors like the addition of BaSO4
particles, fibre resistivity, fibre type and fibre orientation. The
weaving distance between the fibres enhanced the flexibility
of the fibre mat, which led to the improvement in the impact
strength.
3.3 Hardness test

HNRP5

Alternate fibre layers

A4 + BaSO4

A4
F4
A2F2
Mono-fibres

HNRP1
HNRP2
HNRP3

4 layers of aloevera
4 layers of flax fibre
2 layers of aloevera +
2 layers of flax
4 layers of aloevera +
BaSO4
4 layers of flax fibre +
BaSO4
2 layers of aloevera +
2 layers of flax +
BaSO4

Flexural test
(N mm−2 )
Type and no. of
fibre layers

Fibre type
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2.10 SEM analysis

Fibre and
BaSO4
Sample name

Effect of BaSO4 on HNRP composite.
Table 4.
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Tensile test
(N mm−2 )

Impact test (J)

Hardness
(HRB)

Water
absorption (%)

Bull. Mater. Sci.

The monolayer of the flax composite material (HNRP5) provides better hardness with the addition of BaSO4 than the
other composites (figure 7). The higher hardness value is
obtained due to its high atomic number (Z = 56) and K shell
binding energy (K-edge of 37.4 keV), which is close to that
of most diagnostic X-ray beams of BaSO4 . The monolayer
flax fibre composite shows better hardness value than the
monolayer aloevera composite. This is primarily because the
weaving pattern of the flax mat is denser than that of monoaloevera mat.
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Figure 3. (a) ASTM (D638) standard for tensile specimen. (b) ASTM (D256) standard for Charpy specimen.
(c) ASTM (D790) standard for flexural specimen.

Figure 4. Tensile, impact and flexural specimens of woven aloevera, flax hybrid composite before (a, c and e) and
after (b, d and f) testing.
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HNRP1

HNRP2

HNRP3

HNRP4

HNRP5

HNRP6

Type of Composites

Figure 8. Flexural strength of HNRP composites.

Figure 5. Tensile strength of HNRP composites.

3.4 Flexural test
18

The test result showed that the HNRP1 composite had higher
flexural strength than that of other combination (figure 8).
There was a decreasing trend in flexural strength of monooriented flax and alternate arrangement of aloevera + flax
(HNRP2 and HNRP5) composites. The inclusion of BaSO4
particle enhances the stiffness of the HNRP composites,
which tends to improve the flexural strength of the composite
materials. Generally, BaSO4 filler provides excellent resistance to crack initiation and propagation in the composite.
Hence, there was an improvement in the flexural strength of
the HNRP (4–6) composite with BaSO4 filler as compared
with other composites (HNRP1–3).

16

Impact Strength (J)

14
12
10
8
6
4
2
0
HNRP1

HNRP2

HNRP3

HNRP4

HNRP5

HNRP6

3.5 Water absorption test

Type of Composites

The test result revealed the increase in the volume percentage
of water content in all the mono- and alternate arrangement
of HNRP1–3 composites (table 4). The inclusion of BaSO4
minimizes the water absorption capability and weight gain
of the composites (HNRP4–6), because it has low solubility
in water (2.42 × 10−3 g l−1 at 298 K), dilute acids and alcohol
but it could be soluble in hot concentrated sulphuric acid. The
water absorption capability increased based on the amount
of the fibre percentage in the composite. The diffusion coefficient and water content value were directly proportional to the
fibre content. The water absorption was primarily predicted
by the amount of cellulose in the fibre.

Figure 6. Toughness of HNRP composites.

50

Hardness

40

30

20

3.6 TGA
10

0
HNRP1

HNRP2

HNRP3

HNRP4

Type of Composites

Figure 7. Hardness of HNRP composites.

HNRP5

HNRP6

The composite thermal stability is influenced by the onset
temperature of degradation, and the TGA results of HNRP
composite are shown in figure 9. The increment in temperature
reduced the mass and decomposed the composite [28,29]. The
evaporation of water and moisture content reduced the initial
weight of the composite [30]. The initial weight reduction
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Figure 9. TGA of HNRP composites.
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Figure 10. Storage modulus of different HNRP composites.
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Figure 12. Damping factor of different HNRP composites.
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Figure 11. Loss modulus of different HNRP composites.

160

was found to be around 1.2% in HNRP4–6 in the temperature
range of 35–100◦ C and in the same condition, there was
a 4.2% reduction in weight in HNRP1–3 composites. This
weight reduction was due to the degradation of fibre and epoxy
with the increase in temperature. The influence of BaSO4
increased the thermal resistivity of the HNRP composites.
The weight reduction of about 7–9% was observed in HNRP
composite at temperature between 100 and 200◦ C. The composite weight drastically reduced from the temperature of
200–500◦ C. The composites were degraded at temperature
between 490 and 540◦ C (HNRP1–3), whereas the thermal
stability was improved by the addition of BaSO4 and these
composites (HNRP4–6) were degraded in the temperature
range of 580–610◦ C. Above 600◦ C, no significant change
was found in weight percentage of the composites.
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Figure 13. SEM photography of HNRP composite after tensile test and impact test: (a) distribution of BaSO4 particles,
(b) matrix debris, (c) fractured fibre, (d) fibre fracture, (e) void due to fibre pull-out and (f) fibre appearance.

3.7 DMA
The responses of the HNRP composites were determined by
the three different regions like glassy, transition and rubber regions [19]. The storage modulus, loss modulus and
damping factors were analysed at the exciting sinusoidal
frequency of 1 Hz. In the glassy region, the HNRP6 composite
possesses maximum storage modulus of 37.56 GPa. The alternate arrangement of aloevera and flax fibres (vol. 20%) with
BaSO4 (5%) influenced the storage modulus. In the same
region, the volume fraction of flax fibre (25%) with matrix

combination (75%) HNRP2 composite holds 16.91 GPa
(figure 10). The HNRP composites were loose, the rigidity
decreased drastically in the temperature range of 77.1–
89.15◦ C and they became soft and flexible composites in the
transition region. In the rubber region, the obtained results
were analysed and no significant improvement was found in
the storage modulus. The loss factor peak was identified in the
HNRP6 composite (4.77 GPa at 80.50◦ C) owing to the 5%
influence of BaSO4 . The lowest loss modulus peak was registered in HNRP3 composite (77.07◦ C at 1.61 GPa). HNRP5–6
have the highest damping peak by the addition of BaSO4 . No
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predominant variation was observed in the damping factor
of HNRP5–6 composites. The obtained damping curve was
wider in nature in the HNRP1 and -3 composites.
3.8 SEM analysis
The SEM photograph in figure 10a, c and e discloses the
fractured region in the HNRP tensile composite. The image
clearly shows the breakage of fibres in many places, and
the presence of fewer dimples is observed in the fractography image due to the fibre pull-out. This happened owing to
the adequate contact between the fibre matrix and resin in
the HNRP composite. In the SEM photograph figure 10b,
d and f more matrix debris are found in the fractured
region due to the impact loading on the HNRP composite
(figures 11–13).

4. Conclusion
HNRP composites were fabricated using aloevera/flax fibres
and BaSO4 reinforcement with epoxy. These composites were
subjected to mechanical; DMA, thermal resistivity and water
absorption tests. From the obtained results, the following conclusions are made (table 4):
• The BaSO4 particles enhanced the tensile and hardness
properties and reduced the flexural strength of HNRP5
composite.
• The physical and woven pattern of the aloevera fibre
improved the toughness property in HNRP1 monocomposite.
• The thermal stability of the composite is enhanced by
the inclusion of BaSO4 particles because the melting
point and the boiling point are in the higher end (1580–
1601◦ C).
• The inclusion of BaSO4 minimized the water absorption capability of the HNRP5 composites due to the
low water solubility of BaSO4 .
• The HNRP5–6 composites showed better storage modulus, loss modulus and damping factor.
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