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ABSTRACT

Gum acacia (GA) reinforced epoxy composites were characterized for their mechanical and structural properties. In compression test,
increasing trend of modulus and decreasing trend of strength and toughness led to the optimized composition of 10 wt.% of GA in
epoxy (GA-10). Increased modulus could be due to the intermolecular bonding through polar group interaction between SU-8 and GA
molecules. This interaction was confirmed by —OH peak reduction in FTIR analysis. Modulus increase could also be due to the
presence of rigid GA particles, but the decrease in strength and toughness was attributed to the presence of voids and high-stress
concentration points around GA particles. Vickers hardness increased by 17.8% for GA-10 compared to pure SU-8. Both scratch width
and depth were lower for GA-10 than SU-8 except at 400 g load. These results project GA as a choice of filler to improve mechanical

properties and scratch resistance of polymers.
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1. INTRODUCTION

In the past decade, many natural or bio-based fillers have been
utilized to fabricate epoxy-based composites for structural
applications. This shift towards natural fillers is due to their
eco-friendly nature compared to synthetic fillers. Most of the
synthetic fillers are either metallic or derived from petroleum-
based sources. Processing with metals is health hazardous to
workers, not only during the manufacturing stage but also at
the recycling stage. Petroleum-based fillers are generally toxic
and non-renewable, and hence, their utility should be
minimized.

In contrast, nature-based fillers are non-toxic, biodegradable,
easily disposable, and possess low energy production costs.
Therefore, many researchers have directed their work towards
nature-based fillers obtained from plant sources. It is well
understood that the properties of these plant-based extracts
may vary depending upon the source location. They may not
fully replace the synthetic fillers, but exploring them for
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possible applications can lead to a sustainable technology in
the future.

Natural cellulosic fibers have been the most exploited plant-
based products due to their low density and higher strength-to-
weight ratio (Abdul Khalil, et. al., 2012; Onuaguluchi and
Banthia, 2016; Li et al., 2020; Zhang et al., 2020). For
example, Lignocellulosic fibers (consists of both carbohydrate
and lignin polymers) such as kenaf, jute, hemp, sisal, ramie,
banana, and pineapple leaf have been explored for different
applications such as wood-plastic composites, lightweight
building materials, and door panels, etc. (Basta, et. al., 2004;
Reddy and Yang, 2005; Satyanarayana, et.al, 2007; Ashori,
2008; Satyanarayana, et.al., 2009; lbrahim et al., 2010;
Monteiro et al., 2011; Das, 2017; Yang, Ching and Chuah,
2019; Youssef et al., 2019). Another essential plant-based
carbohydrate polymer is exudate gum, which is a
polysaccharide-protein complex and has been used for many
household and industrial applications (Verbeken, et.al., 2003;
Williams and Phillips, 2009). It is a gummy discharge of plants
produced as a natural defense mechanism to seal bark wounds.
One of the primarily used exudate gum is gum acacia.
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Historically, its usage can be dated back to around 5000 years
ago as a mineral paint adhesive for making hieroglyphs
(Whistler and BeMiller, 2012). It has excellent emulsifying,
stabilizing, thickening, and binding characteristics, and hence
it is a popular natural ingredient in ice creams, jellies, candies,
soft drinks, syrups, and chewing gums (Dickinson et al., 1988;
Dickinson et.al, 1989; Grein et al., 2013; Singh, et.al., 2017;
Adam Mariod, 2018). It is also used as a coating and glaze
product in confectionery items due to its film-forming ability.
Binding property makes them suitable in conventional art
applications such as water-based color painting, lithography,
and printing (Chudzikowski, 1971; Whistler and BeMiller,
2012; Ferreira et al., 2019). The adhesive behavior makes them
suitable for blushers and similar cosmetic products (Verbeken
et.al., 2003). Carboxylic acid (-COOH) and hydroxyl group (-
OH) are the major functional groups in GA, available for
functionalization and cross-linking with other polymers
(Daoub et al., 2018). It can be used for increasing the
mechanical strength of polymers or polymer composites
because of its good binding and adhesive properties. Recently,
few research groups have proved its potential as a polymer
composite filler material. A hydroxyapatite/gum acacia
nanocomposite was prepared for drug delivery and tissue
engineering application (Padmanabhan et.al., 2018). An edible
gum acacia/chitin composite coating was prepared to control
postharvest anthracnose of banana during cold storage
(Magbool et al., 2010). An epoxy/gum arabic composite was
suggested as an anticorrosive and self-healing coating for steel
substrates under marine conditions (Arukalam et al., 2020). It
is clear from the current literature that its functional properties
have been utilized to obtain the end product's desired
functionality. However, there are lack of experimental
evidences on how these properties can affect the mechanical
performances of a composite. In our previous work on polymer
composites with GA filler, some promising results were
obtained in this direction (Hirwani and Sinha, 2021). Hence, in
this paper, we tried to explore detailed mechanical
characterization of GA-filled composite, and few correlations
have been established with its structural properties.

Previously, many fillers have been utilized to improve the
mechanical and tribological properties of epoxies (Low et al.,
2007; Sinha et al., 2009; Nirmal et.al., 2012; Barari et al.,
2016; Sarkar et.al., 2018; Huang and Young 2019; Megahed
et al., 2019). They majorly focused on fiber-type fillers from
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natural sources but not particulate fillers. Fiber fillers perform
better when loading is majorly tensile or bending type but not
in compression, as buckling limits their performance. Another
category is particulate-filled composites that can perform
better in compression, and if it is coupled with adhesive
properties, it can be well suited for tensile conditions. GA is
such a bio-based particulate filler that has not been explored
much. We hypothesize that polar groups of both epoxy and GA
can have some chemical interaction. These interactions can
play a significant role in improving the composite’s
mechanical, scratch, and thermal properties. So, in this paper,
an effort has been made in this direction. Commercially
available epoxy (SU-8) consisting of eight epoxy groups in a
single molecule was selected as the matrix. The structures of
SU-8 and a polysaccharide side chain of GA are shown in Fig.
1. SU-8 and its composites have been already used for
microelectromechanical ~ systems and  bio-applications
(Saravanan et.al., 2013; Hirwani and Sinha 2021; Arshad et.
al., 2020).

2. EXPERIMENTAL METHODS

2.1. Materials and sample preparation

SU-8 epoxy (monomer viscosity of 4500 ¢St and density 1.219
g/ml) was purchased from MicroChem Corp USA.
Triethylenetetramine-based curing agent with the trade name
Aradur HY 951 was supplied by Huntsman International India
Pvt. Ltd. (viscosity 15 mPa-s and density 0.98 g/ml). GA
powder which had an aspect ratio of 0.69 + 0.17, was used in
this study. Before composite fabrication, SU-8 filled in a
beaker was heated on a hot plate at 40°C for 2-3 minutes to
reduce the viscosity. GA powder was added in a fixed ratio to
SU-8 liquid and stirred properly to obtain a homogeneous
solution. Finally, the curing agent was added to start cross-
linking process. The mix was placed in a transparent plastic
bag, and the bubbles were physically removed by
mechanically pushing out from the bulk of mix. After the oven
curing process, all the samples were kept for 18 days at room
temperature to ensure completion of the cross-linking, as the
specimen showed a continuous increase in mechanical
properties by slow curing reaction. For compression and
hardness test, cylindrical samples, for tensile test, dog-bone
samples, and for scratch test, rectangular strip type samples
were prepared.

Open Access under the terms of Creative Commons



JTST: Journal of Tribology Science and Technology

(a) -0 o o
] (J i .3 o on om
(S shehe B
—0
O O O O on |
S o o o oH OH CH,0H
9 o 9 b
U+

Gum acacia
powder

Jn

— [ — e & —

Degassing and prebaking
at 40°C for 2-3 minutes
,>

Forced bubble
removal

(b) (¢)

a
S

W oa
s 4

11 hrs. in R.T. then

oven curing

Temperature (°C)
b

°

Time (hours)

Vickers hardness (MPa)

Stabilized hardnr“ llue to

9
s 3

w &
2]
-
-
-
=
"
o
1
1
1
1
1
1
S

0 5 10 15

No. of days

@) (i) (iv)

Fig. 1. (a) Fabrication process of SU-8/GA composites, (b) curing process in oven, (c) room curing and hardness
stabilization, and (d) cured samples for (i) tensile (i) compression, (iii) hardness, and (iv) scratch tests

Fig. 1 shows all the steps of sample fabrication adopted in
this study and images of all the samples fabricated for testing.
Four different samples were prepared with different wt.% of
GA, including pure SU-8 sample. They are designated as SU-
8, GA-5 (SU-8 with 5 wt.% GA), GA-10 (SU-8 with 10 wt.%
GA), and GA-15 (SU-8 with 15 wt.% GA).

2.2. Bulk mechanical properties and scratch resistance

Compression and tensile testing of the composites were
performed according to the ASTM D 695 and ASTM D 638,
using Shimadzu Universal Testing Machine at cross-head
speeds of 1.3 and 1 mm/min, respectively, at ambient
temperature. Vickers hardness was measured on a flat surface
using hardness tester supplied by Invogineeirg Pvt. Ltd. A
square base pyramidal diamond indenter with an apex angle of
136° was used with a normal load of 840 g and a dwell period
of 12 s. The following equation was used for hardness
measurement.

1.854 F
dz

Where HV represents Vickers hardness in MPa, F indicates
load in N, and d is the mean diagonal length of indent (mm).
Scratch test was conducted at four different constant loads of
200, 300, 400, and 500 g for each of the pure SU-8 and
composite samples. The scratch length and speed were
selected as 15 mm and 2 mm/s, respectively. A 60° high speed
steel (HSS) conical indenter was used for the test.

HV =
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2.3. Characterization of composites

To obtain the molecular and microstructural information of the
composites and correlate them with the mechanical
performances, Fourier-transform Infrared Spectroscopy
(FTIR) and X-Ray Diffraction (XRD) were conducted on
powdered samples. For FTIR, Nicolet FTIR spectrometer was
used in attenuated total reflection mode. The spectrum region
was 450 to 4000 cmt. XRD (RIGAKU ULTIMA-IV) with
CuKao, X-ray radiation (A = 0.154178 nm) was conducted at a
scan speed of 4°/minute. 3-D optical profilometer and scanning
electron microscope (SEM) were used to analyze the surface
characteristics of the composites. Thermo-gravimetric analysis
(TGA) was conducted using TA Instruments, SDT Q600 in the
range of 50 to 800 °C at 20 °C/min heating rate in a nitrogen
atmosphere.

3. RESULTS AND DISCUSSION
3.1. Curing process optimization

We observed the significant change in the hardness of oven
cured samples during post-cured self-aging at room
temperature. This was due to the increase in cross-link density
during the storage. Therefore, to obtain a fully stabilized
sample, the oven-cured samples were kept for 18 days at room
temperature in a desiccator before any test was performed. The
hardness value measured at an interval of two days is shown in
Fig. 1 (c). Data obtained for 14th and 18th days are close to
each other as the room temperature curing had saturated after
this period. All the samples of SU-8 and GA-filled composites
were prepared by this method.

3.2. Cross-section analysis

Fig.2 shows SEM images of cross-section of composites which
was brittle fractured in liquid nitrogen.
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Fig. 2. SEM images of brittle fractured cross-section of (a) SU-8 (b) GA-5 (c) GA-10 (d) GA-15 composites and
corresponding magnified images showing the distribution of GA particles.

It can be seen, SU-8 sample is clear in the absence of filler
material, and no void formation was observed (Fig. 2a, e, i).
As we increase the wt. % of GA, the void formation also
increased (Fig. 2a, b, c, d). This can be attributed to the
increased viscosity of higher wt.% of GA composite before
pouring. It was difficult to prepare samples with higher wt.%
of GA due to the increased viscosity. Hence, we could only
make up to 15 wt.% composite. In all the composites (see Fig.
2j, k, 1), particles are marked with a black circular region which
depicts well-distributed filler material. In the GA-15 sample,
some sites were found to have an agglomeration of GA. This
could be attributed to the higher viscosity of GA-15 solution,
which hindered the mobility of filler particles.

3.3. Mechanical test
3.3.1. Compression and tensile test

Our objective was to improve the overall mechanical
properties and scratch resistance of SU-8 epoxy by GA filler
addition. With this aim, we first performed a compression test.
We have optimized the elastic modulus, strength, and
toughness of the composite obtained from the compression
test. The stress-strain curve is shown in Fig. 3a. Elastic
modulus, ultimate compressive strength, and toughness of the
composites were calculated from the stress-strain curves and
are presented in Fig. 3 b, ¢, and d. An increment in the elastic
modulus was observed with the increasing percentage of the
filler addition, which is in good agreement with the results
published for different epoxy composites (Radford, 1971;
Spanoudakis and Young, 1984). GA-15 has the highest
modulus of 1065 MPa compared to 784 MPa for the pure SU-
8 sample. An increase in modulus can be attributed to the stiff
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and rigid filler of gum powder, while the decrease in strength
and toughness of the composite could be due to early crack
propagation inside the matrix. The GA particles had an
irregular shape and pointed edges which would have caused
higher stress concentration points throughout the matrix. The
failure strain of the composites decreases with an increase in
filler concentration, which justifies the generation of high-
stress concentration points around the GA particles. It has also
been observed that GA-filled composite contains voids (Fig.
2) which again weakens the overall strength of the composite.
Since the strength and toughness also depend upon the matrix—
filler bonding, there is an opportunity to further improve the
mechanical properties by surface modification of filler
particles. For example, silane functionalized Graphene oxide
shows an increased strength and fracture toughness of the
epoxy composite (Wan et. al., 2014). This way, we can
eliminate the negative effect of the particle shape and voids in
the composite and thus avoid the generation of localized stress
points, which resulted in early failure. All the quantitative data
from Fig. 3 are provided in Table 1. Yield strength of the
composite is also an important criterion for material selection.
The vyield strength measured was 24, 31.30, 33.04, and 32.67
MPa for SU-8, GA-5, GA-10, and GA-15, respectively
(measured by the 0.2% offset strain method). It shows that GA-
10 has the highest value obtained from these composites.
Further, the increasing trend of modulus and decreasing trend
of the strength and toughness leads to the optimized composite
of 10 wt.% GA filler, i.e., GA-10. Hence, we chose GA-10 as
the optimized composite for further analysis and to understand
the effects of GA on other mechanical, structural, and thermal
properties. It should be noted that for GA-10, the modulus was
increased by 29.8 %, and ultimate strength and toughness
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decreased by 30.3 and 22.4%, respectively, compared to pure

SU-8.

Fig. 3. Represents stress-strain curve with their mechanical properties, (a) to (d) represents compression and (e) to (h)
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Table 1. Compression (C) and tensile (T) test data for all the SU-8 composites

. Elastic Modulus Ultimate strength Toughness .
Composites Elongation at break (%)
(MPa) (MPa) (MJ/m3)
SuU8 (C) 784 +19 99 + 15.00 18.64 £ 2.50 41.50+2.95
GA5(C) 885+9 96 +14.00 21.22+1.23 40.30+1.90
GA 10 (C) 1018 + 24 69 +1.60 14.47 £ 0.25 31.23+1.08
GA 15 (C) 1065 + 16 54 +1.32 10.72 £ 0.37 24.30 £ 0.00
SU-8 (T) 412 £ 27 27+3.01 2007 + 678 0.11 £ 0.015
GA-10 (T) 500 + 30 24+1.90 934 + 157 0.06 +0.003
5

J. Tribo. Sci. & Tech., Volume 1 (2024), Issue 1, pp. 1-14.

Open Access under the terms of Creative Commons



JTST: Journal of Tribology Science and Technology

The tensile stress-strain curve is plotted in Fig. 3 e, and other
properties are shown in Fig. 3f, g, and h. The numerical values
are presented in Table 1. Both SU-8 and GA-10 composite
shows a brittle fracture in tension, as the absence of yielding
phenomena depicts the same. The absence of yielding is due to
the composite's premature failure. In tensile test, cracks and
void opens up during stretching while during compression they
close and promote a chance of yielding before fracture. With
the GA addition, elastic modulus increased by 21.4 %, but the
ultimate strength and toughness were decreased by 11.1 and
53.5 %, respectively.

(a)

Mature crack

Pure SU-8

Crack growth
(second zone)

Crack initiation
(First zone)

(b)

GA-10

—

SEM images of tensile fractured samples are shown in Fig. 4.
For SU-8, fractography images show a river-like structure,
typical for brittle materials (Khan et.al., 2017). We can divide
crack propagation into three different zones. The first is crack
initiation, the second is crack growth, and the third is mature
crack propagation and ultimate failure. Initially, the crack
started growing up by changing the propagation direction by
the crack shift angle of 133°. In the second and third regions,
the crack length is larger, separated by wider plane areas. Few
localized failure points were also observed, indicative of
plastic deformation (Fig. 4 a.1).

Crack propagation zone,
with river like structure

Localized plastic deformation

Crack initiation zone

Crack shift angle = 133°

Different planes of crack
propagation

Fig. 4. Tensile fractography images were observed by SEM for (a) SU-8 and (b) GA-10 composite.

It is generally accepted that multiple fracture points indicate
more energy absorption for breaking, which leads to tougher
material, but GA-10 composite shows the reduction in ultimate
fracture stress, resulting in lower toughness. This could be due
to the presence of different localized stress boosters (voids and
sharp edges around gum particles), leading to the generation of
different crack planes (Fig. 4 b.1). Hence, it would result in
lower strain required for failure, and also the toughness was
less in comparison to SU-8.
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3.3.3. Micro-hardness vs. yield strength

In Fig. 5 a, we can see GA-10 sample has a higher hardness
value of 86 MPa compared to 73 MPa for SU-8. These results
confirmed the stiff and rigid nature of GA particles, resulting
in higher elastic modulus.
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Fig. 5. (a) Micro-hardness and (b) Hv/Yc ratio of the SU-8 and GA-10 composites

To categorize the material as elastic, plastic, or elastoplastic,
both hardness and yield strength are needed. We also
calculated the ratios of Vickers hardness to compressive yield
strength (Hv/Yc) for both samples. To calculate Hy/Yc, average
hardness value and average yield strength data were taken, and
hence no standard deviation has been shown in the presented
graph. From the well-known Tabor’s relation H =~ 3Y (Tabor
D, 1970), we can predict the nature of the samples. Flores et.
al (Flores et al., 2000) has discussed the micro-hardness
correlation with the yield strength for chain extended
polyethylene and concluded that hardness is nearly three times
the tensile yield strength (Hy ~ 3Y;), but during compression,
this relationship changes to Hy ~ 2Yc. This could be due to
higher compressive yield strength compared to tensile one. We
observed that SU-8 sample has a Hy/Yc value around 3.04
which indicates the plastic nature of the sample. GA-10 sample
has a value of 2.61 indicating the presence of stiffer filler
material, gum acacia. We also expect some reduction in
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hardness value due to the presence of voids. Both these factors
could have contributed to lower H/Y ratio. Based on the values
of H/Y factor we can consider GA-10 to be more brittle than
SU-8.

3.4. Scratch test

Scratch test is used for quick and easy analysis of materials
response against abrasion by hard surfaces. Fig. 6 (a) and (b)
shows the scratch surfaces of SU-8 and GA-10 composite,
respectively. Width of scratch was measured at the middle of
the track at three different locations, and average values were
plotted for representation. Accurate depth measurement was
quite difficult, due to larger deviation in the data. Therefore,
we choose highest value of the three measurements for
comparison. With the increase of load from 200 to 500 g width,
and depth of scratch increased for both SU-8 and GA-10
samples.

Open Access under the terms of Creative Commons



JTST: Journal of Tribology Science and Technology

400y

(c

®200 w300

=400

Wear track width (um)

Load (g)

d

m200 =300

=400 500

‘Wear depth (um)

o

w0

W\ ” ‘_ese\\
e

As)
WY
0“‘“,‘\,.5 2

Fig. 6 (a) and (b) shows 3D Optical profilometery after scratch test; (c) and (d) represents scratch track width and depth
of, respectively.

For SU-8 sample, width of the scratch increased from 130 to
260 pm and depth increased from negligible value (plastic
deformation) to 1010 um (severe wear). Similarly, for GA-10
composite, scratch width increased from 100 to 225 pm, and
the depth values reached 975 pm (severe wear) from negligible
value (elastic deformation) at 200 g. This increase in width and
depth with load could be due to higher penetration of indenter
tip during the progression of scratch. In the case of SU-8, if the
load is below 300 g, we could only observe the change in
surface profile after scratch. No removal of material can be
seen, and a visible scratch indicates minor plastic deformation.
The same conclusion can be drawn from GA-10 samples, but
the visibility of scratch is poorer compared to SU-8, which is
an indication of more elastic than plastic deformation. This
could be due to higher bulk mechanical properties (elastic
modulus, yield strength, and hardness) of GA-10 composite,
which promotes less plastic deformation for the same scratch
load. At the normal load of 400 g, the GA-10 sample has a
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higher scratch depth (500 pum) compared to SU-8 (90 pm),
which could be due to the removal of some GA particles as
well as exposed voids present on GA-10 composite. Again, at
500 g, both SU-8 and GA-10 samples show severe wear,
causing more wear debris. But for GA-10, the scratch track
width and depth are less (i.e., 225 and 975 pm, respectively)
due to higher hardness compared to SU-8. Track width and
scratch values are presented in Fig. 6 (c) and (d).

SEM images after the scratch test are shown in Fig. 7. At 200
g load, scratch visibly is poor for SU-8 and GA-10 samples. At
300 and 400 g load, a periodic parabolic zone can be seen with
the vertex of the parabola pointing opposite to the direction of
the scratch. These cracks are typical for brittle polymer and
have been previously reported for epoxy and glass materials
(Lawn et.al., 1984; Jiang et.al., 2009). Another author has
reported these features for PMMA as excessive brittle cracking
with an arrowhead pointing opposite to scratch direction
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(Briscoe et.al., 1996). At 400 g normal load, the GA-10 sample
shows the presence of some micron-sized cracks and holes,
which indicate the presence of voids on the samples. This
could be one of the reasons for the higher depth in the case of
GA-10. For brittle polymer, it is known that increase in rigidity
(modulus) causes stress concentration which leads to the
generation of cracks during scratching. Higher surface
roughness of GA-10 (Ra= 2.4) compared to SU-8 (R.= 0.92)
could also have contributed to higher friction and higher tensile
stress at the rear side of the tip (Briscoe and Sinha, 2003). This

SU-8

¢ Scratch
direction

200 g

300g

400g

500g

1000m

Periodic parabolic zone

high value of tensile stress contributed to crack formation in
GA-10. At 500 g load, higher penetration depth causes higher
friction values, and hence stick-slip phenomenon was observed
for both samples. For the GA-10 sample, the “stick” period is
longer (1970 um) compared to that for the SU-8 sample (1110
pum). This could be due to solid GA particles, which created an
obstacle for tip movement and increased the friction during
scratch.

¢ Scratch
direction

Periodic parabolic zone

Fig. 7. SEM micrograph of SU-8 and GA-10 samples after scratch testing at different loading conditions.

3.5. Micro-structural analysis
3.5.1. FTIR and XRD analysis and proposed mechanism

To understand the chemical interaction between the SU-8
matrix and GA particles, FTIR analysis was conducted. Fig. 8
(a) shows the individual IR spectrum for SU-8, gum particles,
and GA-10 composites. Table 2 shows significant peak
intensities present on all the samples. Hydrophilic SU-8 should
contain both hydroxyl (from uncured SU-8) and amine groups
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(from amine-based hardener). The presence of a broad —OH
peak at 3480 cm could have hindered amine peaks, which is
usually found as sharp doublet around 3300-3500 cm-1.
Another significant change is the reduced intensity of —OH
peaks for GA-10 composite (at 3391 cm-1) compared to gum
powder sample (at 3286 cm-1). This could be due to the
consumption of the hydroxyl group in reaction with SU-8. The
byproduct water evaporated during oven curing. The reaction
mechanism has been shown in Fig. 8 (b).
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Fig. 8. (a) and (b) show the FTIR analysis and proposed reaction mechanism between SU-8 and GA powder in the
presence of amine-based curing agent (c) and (d) XRD and TGA analysis of SU-8, GA powder, and GA-10
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Table 2. All the FTIR peak intensities of SU-8, GA powder, and GA-10 composites

Wavenumbers (cm™) SU-8 GA powder GA-10 composite
3286 -OH
3391 -OH
3480 -OH
2964 -CH Stretch -CH Stretch
2934 -CH Stretch
2870 -CH; Stretch -CH Stretch
1790 -C=0 -C=0
1728 -C=0
1601 -COO -COO
1542 -C-0O-C (AS) -C-O-C AS
1415 -C=0 Stretch
1363 -OH Bending
1032 -COC Stretch -COC Stretch
833 -C-O-C (SS) -C-O-C (SS)
*AS — Asymmetric stretch
**SS — Symmetric stretch
3.5.2 TGA analysis

The shift in the peak intensity is also an indication of chemical
interaction between the two groups. All the other peak
intensities of GA-10 are primarily due to both the compounds
in a single solid.

In XRD analysis (Fig. 8 c), two broad peaks at 26 =26.7° and
43.9° show the amorphous nature of SU-8. GA powder also
indicates an amorphous nature, but the hump is less broad than
SU-8. A similar characteristic was observed for the GA-10
composite at 20 =18.81°. Therefore, we can conclude that all
three samples show amorphous behavior with slight increase
in crystallinity for the GA-10 composite. A shift in diffraction
peak from 26.7° to 18.81° also indicates the interaction
between the filler and the matrix.

J. Tribo. Sci. & Tech., Volume 1 (2024), Issue 1, pp. 1-14.
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Fig. 8 (d) shows the TGA curve for all the samples. For SU-8,
the initial reduction in weight is due to adhered and bound
water and unreacted solvent of SU-8. After that, second stage
degradation starts at 315°C which ends at 399°C. This
corresponds to the degradation of SU-8 molecules. GA powder
also shows the characteristics of moisture loss up to 180°C.
Among all the samples tested, the curve’s initial slope is
highest for the GA sample, which indicates the presence of a
large amount of adsorbed water molecules. This resultis in line
with the FTIR data (Fig. 8 (a)). Loss of polysaccharides
molecule is the second stage degradation which ends at 630°C.
Since initial degradation of GA starts earlier (272°C) than the
SU-8 molecule (315°C), GA-10 composite initial degradation
temperature is lower than that of the SU-8. This could be due
to the initiation of degradation of polysaccharides. Although
degradation starts at an early stage, the composite is more
stable compared to SU-8. This can be attributed to the
intumescent effect (coating of char component on SU-8
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polymer produced during heating of GA). A similar
mechanism has been presented elsewhere (Basak and Ali,
2017). A vertical line drawn at a temperature of 500°C
indicates more residual weight for GA-10 than SU-8
(W>W>>W3). At the end of the experiment, the same
sequence was followed with a higher char yield of 25% for
GA-10 composite compared to 18% for SU-8. These evidences
show that GA increases the thermal stability of SU-8. SU-8
and GA can interact with each other through condensation
reaction, producing water molecules (the mechanism is shown
Fig. 8 (b)). Such interaction between two polymers can lead to
intermolecular cross-links, thereby restricting their movements
within the matrix. This could also be one of the reasons for
higher elastic modulus for GA-10 compaosite both in tensile
and compression test.

CONCLUSIONS

Effects of GA filler (which is a plant-based particulate
polysaccharide) on the mechanical properties and scratch
resistance of epoxy composites were studied. Filler
composition was optimized based on the mechanical test. To
understand the molecular, microstructural, and thermal
characteristics of the optimized composite, FTIR, XRD, and
TGA analysis were carried out. Based on these experiments
following conclusions can be drawn.

1. GA-10 composite containing 10 wt.% of GA was the
optimized composite, showing increase in
compression and tensile moduli by 29.8 and 21.4%,
respectively. Ultimate strength and toughness were
decreased by 30.3 and 22.4% for compression and
11.1 and 53.5% for tensile tests, respectively, over
SuU-8.

2. GA-10 composite has shown Vickers hardness
increase by 17.8% compared to SU-8. Higher
stiffness of the gum acacia filler particles improved
the abrasion resistance of the composite, which has
been confirmed from the scratch width and depth
profiles.

3. The matrix-filler interaction has been confirmed by
FTIR analysis, where a significant peak shift from
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