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ABSTRACT 

In the present work, natural Polyalthiacerasoide woven fabrics were extracted from the bark of the tree and using these woven 
fabrics/glass fibre as reinforcements and epoxy as matrix the hybrid composites were prepared by the hand lay-up technique, at 
room temperature. The effect of alkali treatment of Polyalthiacerasoide fabrics on the chemical structure and morphology was 
examined using Fourier transforms infrared spectroscopic (FT-IR) and scanning electron microscopic techniques respectively. 
FT-IR analyses indicated the lowering of hemi-cellulose and lignin contents by alkali treatment of the woven fabric. The 
scanning electron micrographs indicated the removal of hemicelluloses layer on the surface of the fabric by alkali treatment.  
The effect of alkali treatment of the natural fabric on the mechanical properties, chemical resistance, and interfacial bonding of 
the hybrid composites was examined.The mechanical properties of the woven fabric/glass fiber hybrid composites with surface 
modified natural fabric were found to be higher than those with untreated fabric. The fractographs indicated a better interfacial 
bonding between the woven fabric/glass fibres and the matrix, particularly when the alkali-treated natural fabrics were used in 
the hybrid composites. Furthermore, these hybrid composites showed resistance to acids, alkalis and various solvents and also 
possessed lower water absorption.The natural fabric/glass fibre hybrid composites have the properties which advise their 
relevance for application in the building and construction industries. Copyright © 2015 VBRI press.  
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Introduction  

In the present circumstances, one of the leading scientific 
and technological challenges of the day is to create new 
materials for innovative applications. In this direction, new 

fiber-reinforced materials called hybrid composites [1], 
were created and are continually being developed. As the 
mechanical properties of the hybrid composites are 
comparable to glass fiber-reinforced composites, they 
should provide exceptional properties and the preparation 
methods should be available, at a reasonably lower cost. 
Currently, the usage of hybrid composites is increasing day-
by-day because of their high strength-to-weight ratio and 
ease of fabrication. Several studies on composites made 
from epoxy matrix and natural fibers such as: jute, wood, 
banana, sisal, cotton, coir and wheat straw were reported in 
the literature.  Most of the studies in this area were mainly 
focused on the improvement of the inherent weakness of 
natural fiber composites. This was accomplished by 
inducing the hydrophobicity in the natural fibers through 
various physical and chemical pretreatments of the fibers 

[2-7]. Yang et al. [7] studied the mechanical and interfacial 
properties of sisal/glass fiber-reinforced PVC hybrid 

composites. Mishra et al. [9] studied the mechanical 
performance of biofibre/glass reinforced hybrid 
composites. They observed that the addition of relatively 
small amount of glass fibre to pineapple leaf fibre and sisal 
fibre reinforced polyester matrix enhanced the mechanical 
properties of the resulting hybrid composites. Kalaprasad et 

al. [10, 11] prepared the low-density polyethylene-based 
short sisal/glass fiber hybrid composites and found a 
considerable enhancement in the mechanical properties of 

the hybrid composites. Harani et al. [12] and Park et al. 

[13] toughened epoxy resin using hydroxyl terminated 
polyester. They reported an improvement in the physical 
properties of these composites as a result of toughening. 

Varada Rajulu et al. [14] studied the tensile properties of 
glass mat reinforced epoxy toughened with polycarbonate 
and they reported an improvement in the tensile strength on 

toughening. Recently, Jayaramudu et al. [15] studied the 
properties of natural fabric polyalthiacerasoides. They 
carried the characterization of untreated and alkali treated 
new natural cellulosic fabric polyalthiacerasoideswoven 
fabric by investigating its mechanical, morphological, 
chemical analysis, structural, and thermal properties. 

Jayaramudu et al. [16] also studied the thermal degradation 
of polyalthiacerasoideswoven fabric. In their study, they 
reported that the initial degradation temperature of 
polyalthiacerasoides woven fabric to be 243 °C. 

The objective of this study was to develop natural 
woven fabric hybrid composite from a moderately new, but 
widely available Polyalthiacerasoides woven fabrics 
(PCWFs). In this work, the effect of alkali treatment of the 
natural fabric on the mechanical properties, chemical 
resistance, water absorption, interfacial bonding of the 
hybrid composites was studied. 

 

Experimental 

Materials 

In the present work, Polyalthiacerasoides woven natural 
fabrics, glass fibers, the epoxy resin Araldite LY-556 and 
Hardener HY-951 (ECMOS Corporation, Ltd; Hyderabad, 
India) were used as the composite components. Besides 
these, sodium hydroxide pellets (Merk specialities private 
limited, Mumbai, India) were used for the treatment of the 
natural fabric.  
 
Extraction of the PCWFS from the tree 

Fabric samples of PCWFs were extracted from the bark of 
the tree, Polyalthiacerasoides. In order to protect the tree, 
the fabric was separated from its branches only, as 

described elsewhere [15]. The extracted PCWFs were 
washed thoroughly in distilled water and allowed to dry in 
the sun for seven days. The PCWFs were further dried in 
vacuum oven for one day, prior to using it as reinforcement. 
Some quantity of the PCWFs was treated with 5% aq. 
NaOH solution for four hours, neutralized with dilute acetic 
acid, washed thoroughly with distilled water and then dried 
at 80 ºC for 24 h and subsequently stored. The samples 
were also re-dried before analysis. 
 
Mould preparation 

A mould with dimensions 200 mm x 200 mm x 3 mm 
cavity was used in this work. The mold cavity was cleaned 
in order to remove particles and then coated with layers of 
releasing agent (polyvinyl alcohol (PVA), which acts as a 
good releasing agent) for easy removal of the hybrid 
composite. 

 
Preparation of the hybrid composite and the test specimens 

A 3 mm thick laminate was made from the epoxy and 
hardener, taken in the ratio of 100:10 parts by weight, 
respectively. The moulding box was loaded with the matrix 
mixture and PCWFs/glass fiber (GF) (with varying 
percentage) which was placed in vacuum oven maintained 
at 70 ºC for 3 hours in order to complete the curing. In all 

cases of composite preparation (Fig. 1), the total content of 
the reinforcement was maintained at 40% (w/w). After 
curing, the plate was removed from the moulding box with 
simple tapering and was cut into tensile test specimens with 
150 mm x 15 mm x 3 mm dimensions and for chemical test 
with dimensions of 10 mm x 5 mm x 3 mm. For 
comparison, the specimens for matrix material were also 
prepared in similar manner. 
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Fig. 1. Fabrication procedure of the hybrid composite. 
 

FT-IR spectral analysis 

Some of the samples were cryogenically cooled and 
powdered.  This powder was diluted to 1%, using KBr and 
pellets were prepared employing a hydraulic press. FT-IR 
spectra of the untreated and the alkali-treated samples were 
recorded in the 4000–500 cm

-1
 region on a Perkin Elmer 

16PC FT-IR instrument with 32 scans in each case at a 
resolution of 4 cm

-1
. 

 
Microscopic analysis 

The morphology of the fractured samples was examined 
using the JEOL JSM 820 scanning electron microscope 
(SEM) operating with secondary electron imaging at 15 kV. 
The composite samples were cryogenically cooled and 
brittle fractured. The fractured surfaces were coated with 
gold by electro-deposition in order to impart electrical 
conduction before recording the micrographs. 

 
Tensile properties 

The tensile stress and tensile moduli were determined using 
Instron 3369 Model UTM. The crosshead speed for tensile 
test was maintained at 5 mm/minute. In each case, 10 
samples were tested and the average is reported. 
 
Chemical resistance of hybrid composite 

The chemical resistance of the composites was studied as 
per ASTMD 543-87 method. This method covers the 
testing of the resistance of all plastic materials including 
cast, hot-molded, cold molded and laminates and describes 
the procedure for reporting changes in weight, dimensions, 
appearance and strength properties by the action of 
chemical reagents. Standard reagents are specified and 
exposed to reagents at elevated temperature in order to 
establish the results on a comparable basis. In the present 
work, chemical resistance tests were conducted on PCWFs/ 
glass fiber hybrid epoxy composites. Hoverer, we 
judiciously selected three acids, three bases and three 
solvents for this study. Glacial Acetic acid (8%), con. nitric 
acid (40%), con. hydrochloric acid (10%), con 
ammoniunhydroxide (10%), aq. sodium carbonate (20%), 
aq. sodium hydroxide (10%), toluene (250ml), benzene 
(250ml), and carbontetrachloride (250ml) were used after 
purification. The water absorption by the composites was 
also studied. In each case, the samples were pre-weighed in 
a precision electronic balance and dipped in the respective 
chemicals for 24 hours. They were removed and 
immediately washed in distilled water and dried by pressing 

them on both sides with the filter paper at room 
temperature. The treated samples were then re-weighed and 
the %weight loss/gain was determined. In each case, ten 
samples were tested and their average values are reported.  
 

Results and discussion 

The plant from which the Polyalthiacerasoides woven 
fabrics extracted belong to the Annonaceae family. FTIR 
spectra of untreated and alkali treated fabrics of 

Polyalthiacerasoideswoven fabrics are depicted in Fig. 2. 
The compositional changes between untreated and alkali-

treated PCWFs are shown in Fig. 2. The spectra show the 
presence of hydroxyl, carbonyl, ether groups and absorbed 
water in the untreated PCWFs. The important changes in 
the FTIR spectra are associated with the peak intensities at 
around 3340, 2928,1740, 1630, 1420, 1370, 1030 cm

-1
. As 

shown in Fig. 2, intensity of the hemicellulose peak around 

1740 cm
-1 

[17] decreased when the fabric was treated with 
alkali. This indicates the fact that the hemicellulose was 
almost removed completely by the alkali treatment. This is 
quite expected as the hemicellulose is soluble in aqueous 

NaOH (alkali) solution [6, 18, 19].  
 

 

Fig. 2. FTIR spectra of untreated and alkali treated polyalthiacerasoides 
woven fabric. 
 

The strong broad band observed around 3340 cm
-1

 in 
the spectra was due to the hydrogen bonded O-H stretching 
vibrations of polyalthiacerasoides fabrics. Hydroxyl groups 
were also involved in hydrogen bonding with the carboxyl 
groups, cellulose, pectin, lignin, hemicelluloses that were 
available on the fabric surface of natural fabric. The 
medium intensity band at 2928 cm

-1
 was attributed to the C-

H stretching frequency in methyl and methylene groups. 
The absorption band at 1630 cm

-1
 was due to the vibrations 

of adsorbed water molecule in the non-crystalline region of 
cellulose which appeared as a shoulder in the spectra. The 
peak at 1420 cm

-1
 was caused by CH2symmetric bending. 

The band at 1370 cm
-1

 was assigned to C-H deformation 
(symmetric) arising from polysaccharides. The peak at 
1030 cm

-1
 was assigned to Symmetric C-OH stretching of 

lignin [20, 21]. 
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Scanning electron micrographs of the untreated and 
alkali-treated (%5 NaOH) Polyalthiacerasoides woven 

fabrics and their hybrid composites are represented in Fig. 

3 (a), (b), (c) and (d), respectively. From Fig. 3 (a), it can 
be seen that the gummy polysaccharides of lignin, 
hemicellulose and pectin were localized as white deposits 
on the surfaces of untreated woven fabrics. The woven 
fabrics were slightly interwoven and loosely bound with 

other natural fabrics [22-24]. It is clearly indicated that the 
white layer was not evenly distributed along the woven 
fabrics surface, but its thickness varied from point-to-point. 

As seen in Fig. 3(b), the alkali-treated woven fabrics had 
highly reduced thickness and appeared to have clean, but 
rough surface with large number of etched striations. These 
micrographs also reveal the uniaxial orientation of fabrics 
in parallel direction and they also had many void regions. 
The rough and clean surface morphologies of the alkali-
treated fabrics are expected to assist in the direct interaction 
of the woven fabrics with the polymer matrix. They could 
be separated into a single bundle of fabrics with few micro 
void regions. 

 

 

 

Fig.  3. The scanning electron micrographs (SEM) of polyalthiacerasoides 

woven fabrics (a) Untreated woven fabric, (b) alkali treated, (c) Untreated 

woven fabric/glass hybrid composites and (d) alkali treated/glass hybrid 
composites. 
 

Observation with the naked eye, Polyalthiacerasoides 
woven fabrics were uniaxially oriented in the composites. 

Fig. 3 (c) and (d)  display the SEM micrographs of the 
fractured surfaces of PCWFs (untreated and alkali-
treated)/GFhybrid epoxy-based composites and interface 
studies were carried out in order to investigate 
Polyalthiacerasoides woven fabrics/glass fiber hybrid 
epoxy interaction by SEM studies. In the case of untreated 

PCWF/GF hybrid composites, shown in Fig. 3(c), a poor 
interfacial bonding was indicated with clear pull out, 
detachment and deboning between PCWF/GF and epoxy 
matrix and these effects produced a relatively clean surface 
over the pulled out-woven fabrics and glass fiber, due to the 

great extent of delamination.  Fig. 3(c) also explains the 
fact that the fabric and GF were not clearly bonded with the 
matrix in the untreated PCWF/GF hybrid epoxy composite, 
resulting in low mechanical properties of the hybrid 

composites (Fig. 3 and 4). However, in the case of NaOH-

treated PCWF/GF hybrid epoxy composite, the interfacial 
adhesion between the woven fabric and matrix was 

comparatively stronger, as indicated in Fig. 3 (d). These 
observations indicate that the bonding between the 
reinforcements and the matrix was improved significantly 
when compared to the untreated hybrid composites. This 
was due to the fact that, the PCWF treated with alkali led to 
increased roughness of woven fabric surface, while the 
hemi-cellulose and some parts of the lignin were removed 

as confirmed by Fig. 3(b). Further, the woven fabric 
became thin and thus creating a good interlocking 
mechanism with the surface of epoxy matrix. The cleared 
micro-pores thus, facilitate good mechanical bonding 

between the woven fabrics and the matrix. Fig. 3 (d) shows 
that the NaOH-treated PCWF/GF in the hybrid epoxy 
composite was broken and not pulled-out, because of the 
good interfacial bonding. This clearly indicates that there is 
a strong bonding between the reinforcements (fabrics/glass 
fiber) and epoxy matrix. Furthermore, matrix skin 
formation was observed on the surface of the woven 
fabrics. These observations indicate that the bonding 
between the reinforcements and the matrix was good. 
Similarly, the bonding was strong when alkali treatment 
was employed. This observation gives direct evidence 
about the adhesion improvement at the interface (in the 
presence of reactive alkali), in the treatment of hybrid 
composites. These arguments were also reflected in all the 
mechanical properties investigated. 

 

 

Fig. 4. Variation of maximum tensile stress at different ratios of % glass 
fiber/Polyalthia cerasoides woven fabrics reinforced epoxy composites. 

 
The variation of tensile stress and tensile modulus with 

% GF/PCWF ratio is presented in Fig. 4 and Fig. 5 
respectively.  For comparison, values for the matrix are also 
presented in the same figures.  From these figures, it is 
evident that the tensile properties were enhanced when 
alkali-treated PCWFs were used in the hybrid composites. 
This is understandable as the contents of weak amorphous 
hemicellulose and lignin were decreased following alkali 

treatment (refer to Fig. 2).The clear micro-pores might 
have thus facilitated good mechanical bonding between the 
fabrics and the matrix. The minimum and maximum tensile 
moduli for these composites were found to be 2809 and 
10972 MPa, respectively.  Similarly, the stress values 
varied in the range between 58 and 238 MPa. The 20/20 
showed the best mechanical properties, amongst all the 
composites studied. Similar observation was made by 
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Vararda Rajulu et al. [25, 26] and Srinivasulu et al. [27] in 
the case of bamboo composites and polymer-coated 
bamboo fibers. Thus, the hybrid composites under study 
have good tensile properties. 

The resistance of the composites to water and certain 
chemicals was studied. Three acids (HCl, HNO3 and 
CH3COOH), two alkalis (NaOH and NH4OH), a salt 
(Na2CO3) and three commonly used solvents (C6H6, C7H8, 
and CCl4) were used. The water absorption characteristics 

of these composites were also studied. From Table 1, it is 
clearly evident that for the matrix and composite, weight 
gain was observed after immersion in acids.  In all cases, a 
weight increase was observed. 
 

 

Fig. 5. Variation of tensile modulus at different ratios of % glass   
fiber/Polyalthiacerasoides woven fabrics reinforced epoxy composites. 

 

Table 1. Resistance of polyalthia cerasoides woven fabric/glass fiber 
reinforced epoxy hybrid composite to chemical reagents. 

 

Chemicals Matrix

(Epoxy)

Epoxy-based

hybrid composites

40% Nitric acid (HNO3)

(40%)

+0.3214 +0.5027

10% Hydrochloric acid

(HCl)

+0.7695 +0.2379

8% Acetic acid (CH3COOH) +0.1435 +0.2401

10% Sodium hydroxide

(NaOH)

+0.3201 +0.3026

10% Ammonium Hydroxide

(NH4OH)

-1.9758 -1.3542

20% Sodium carbonate

(Na2CO3)

0.2956 -0.3692

Benzene (C6H6) 0.6957 -0.8632

Toluene ( C7 H8) 0.3641 -0.2809

Carbon tetrachloride (CCl4) 0.3042 -2.0438

Water (H2O) 0.1042 -1.0589  
 
This clearly indicates that the composites did not lose 

weight and therefore no erosion of materials occurred. 
Generally, the weight increase was larger for water or 
aqueous solutions and this was to be expected because of 
the hydrophilicity of the fabric. This conclusion was 
supported by the weight increase in the presence of these 
liquids with increasing fabric content. In these cases, the 
OH groups in the cellulose were better exposed and 

increased the hydrophilicity of the system [28]. Similar 

observation was made by Varada Rajulu et al. [29] in the 

case of short bamboo fiber reinforced high performance 
epoxy composites.  It was also observed that the effect of 
other chemicals was negligible on the matrix and the hybrid 
composites.  Furthermore, water absorption by the matrix 
and the hybrid composites under study was also observed to 
be negligible.  Thus, based on the tensile properties and the 
chemical resistance, the hybrid composites under study can 
suitably be considered for applications in making 
acid/water storage tanks, tabletops, automotive sector, the 
building and construction industries and airspace 
applications. 
 

Conclusion 

Hybrid composites of glass fiber/Polyalthia cerasoides 
woven natural fabric reinforced epoxy were made and their 
tensile properties, FT-IR analyses, morphology and 
chemical resistance were studied. FT-IR analyses indicated 
a decrease in the hemicellulose and lignin contents 
following alkali treatment.These hybrid composites were 
found to exhibit good tensile and chemical resistance 
properties. The hybrid composites with alkali treated 
(PCWFs) were found to possess higher tensile properties. 
These composites were found to be resistant to certain 
acids, alkalis and solvents. The SEM micrographs of the 
specimens revealed that alkali-treated PCWFs/GF epoxy 
hybrid composites had better fabric-matrix adhesion over 
the untreated PCWFs/GF epoxy hybrid composites. The 
elimination of the amorphous hemi-cellulose components 
from the PCWFs following alkali treatment was believed to 
be responsible for this behavior. The hybrid composites 
with composition 20/20 showed the best mechanical 
properties, amongst all studied. The hybrid composite had 
properties which suggest their suitability for applications in 
the building and construction industries as panels for 
partitioning and flooring, storage tanks and table tops. This 
is because of its good chemical resistance.  It is also 
suitable for wall coverings, architectural landscaping in 
order to replace the hardwood that is currently used, hence 
preserving the environment.  
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