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ABSTRACT

In this research, the effect of UV light on the mechanical properties of jute polymer
nanocomposites was evaluated. Due to the fact that photodegradation is a surface process and
is confined to the degradation of the mechanical characteristics of polyester resin, this study
focuses on the resin quality. Therefore, test samples comprised of fibre-reinforced polyester
nanoclay composites were fabricated different weight ratios of nanoclay. They were put through
UV exposure in an Ultraviolet (UV) chamber. Tensile testing samples were made in accordance
with ASTMD638 and had a minimum thickness of 3 mm. Additionally, specimens for Flexural
and Impact testing were also produced. Samples were treated at various time intervals under
UV radiation and their mechanical properties were determined. The effect of nano additives in
preventing the deterioration of polyester’'s mechanical qualities was also investigated, and it
was found that the addition of clay to polyester resin reduces the deterioration level by 19.86%,
9.38%, and 13.53% when compared to pure polyester resin’s tensile, flexural, and impact
properties, respectively. The results demonstrated that samples containing nano additives were
less susceptible to UV damage than that of the samples without nanoclay. This is because of
the fact that when clay was added to the polymer, its platelets totally exfoliated and acted as
barriers against the entry of UV radiation.
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1.INTRODUCTION

Fiber reinforced composites are substances
that strong fibres are embedded with a lighter
weight matrix resin, resulting in excellent
specific characteristics. A wide variety of
technical materials may be produced by
tailoring the fibre length, fibre type, fillers and
matrices. Like other natural fibres, jute fibers
can be made which are biodegradable, and are
cost effective than synthetic fibers like glass,
aramid, and carbon. The establishment of
diverse processing methods and innovative
nanoclay polymer hybrid fiber composite
applications have been facilitated by recent
breakthroughs in material technology. Novel
polymer-nanoclay composites with better
characteristics have been produced by creative
synthesis methods and are effectively used in
a variety of industries, including wastewater
treatment, aerospace, automotive,
construction, and oil and gas. The long-term
durability performance and degradation
behaviour of commercially relevant biobased
composites were studied in diverse ageing
conditions (thermo-oxidative ageing, ultraviolet
ageing, hydrolytic degradation, etc.). With
suitable biofiller selection and surface
modification, the durability performance of
biocomposites may be significantly improved!'.

UV has been a major factor in the material’s
strength degradation. It was discovered that
the length of UV exposure time caused the
fiber’s tensile strength to diminish. Composite
materials have been related to UV radiation-
induced deterioration, with the rate of
degradation depending on certain important
factors including UV wavelength, exposure
period, and UV intensity®?. Various methodologies
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were used to investigate the effects of different
montmorillonite nanoclays on the
characteristics of DGEBA epoxy resin. The
curing of epoxy resin to generate nanoclay
nanocomposites are affected differently by
distinct montmorillonite nanoclays. Surface
treatment can influence the interaction of clay/
epoxy molecules with UV radiation, resulting
in enhanced mechanical property retention
after UV exposurel®. The influence of UV
absorbers on the stability of polyester
mechanical characteristics is investigated. The
mechanical characteristics of polyester resin
were tested using an artificial UV exposure
chamber at three distinct time intervals,
corresponding to 3, 6, and 12 months. The
results demonstrated that UVA additions did
not damage the samples following UV
exposurell. Research into the characteristics
of composites made from recycled high density
polyethylene and rice husk that had been
treated with ultraviolet-ozonolysis was
conducted. Surface-treated rice husk had
rougher surfaces and better rHDPE matrix
adherence than untreated RH. UV treatment
yielded the best results and may be utilised
as an alternative surface modification technique
for rice husk composites to improve their
mechanical characteristics®. Investigation into
the ageing of polypropylene composites that
were mixed with date palm nanofiber was
conducted to predict the performance of these
hybrid composites. Dry-melt blending was used
to combine the palm fibers with polypropylene
in the range of 1- 5 wt% loading such that the
composites could be made. After that, these
biocomposites were exposed to UV light for
an accelerated weathering process for a period
of 250 and 500 hours in accordance with a
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conventional approach. The exceptional
durability of these composites is demonstrated
by a small drop in tensile strength, degradation,
and weathering-induced oxidation®l, The
Physical and ageing properties of E-glass fibre
reinforced by jute fibre composites are
investigated. The harmful effects of weather
conditions are simulated and used to forecast
the durability of the outdoor products. The
results reveal that polymer has a longer life
when exposed to a mix of UV radiation and
water spray!”l. Nonwoven fabrics made of
polyethylene terephthalate were given a coating
of TiO,, ZnO, and SiO, respectively. Chitosan
and polyvinylidene fluoride polymers were
utilised in order to make certain that the final
composite PET-PVDF-OM-CT possessed
excellent surface compatibility. Metallic oxides
formed robust cross-linked chitosan networks.
The modified PET nonwovens block the UV
rays and have a high UV protection factort®.
Properties of coir-epoxy infused particle
composites were investigated after being
subjected to accelerated UV-aging. The QUV
weatherometer was used to accelerate the
ageing process of composites with 15%
particulates for a period of twenty-four hours.
According to the findings, coir-epoxy injected
particle composites exhibited a high degree of
UV resistance while maintaining their
mechanical characteristics®. UV light has been
shown to be a sustainable and cost-effective
approach for improving the mechanical
characteristics of banana fibers in order to
produce composites with enhanced mechanical
and thermal qualities. The research may
potentially contribute to the scientific
manufacture of lignocellulosic fibres based on
photochemical processes and phenomenal™.

The maximum UV stability is seen in plain
HDPE and nanocomposites including multiwall
carbon nanotubes, while untreated
montmorillonite has little influencing impact ["'1.
As a result, in the current work, nanocomposites
of polyester with montmorillonite nanoclay and
jute fibres were synthesised in varied ratios with
the goal of evaluating the influence of these
nanoparticles on the UV stability of the polyester
matrix and fiber.

2. MATERIALS & METHODS

2.1. Materials

Jute yarn fibres were obtained from the National Jute
Board in Chennai. Biocorporals in Chennai provided the
montmorillonite nanoclay (filler). The unsaturated
polyester resin, Cobalt napthanate, and Methyl Ethyl
Ketone Peroxide were acquired from the Biocorporals
in Chennai. The physical and chemical properties of
montmorillonite nanoclay, as well as its composition,
are as follows:

The chemical formula of Montmorillonite nanoclay is
H,ALOSi and its formula weight is 180.1 g/mol. It
appears physically in powder form with particle sizes
less than 20 microns. Its bulk density is in the range of
650 — 1150 kg/m?3. The product has a pH range of 3.0 to
4.0 and a relative density of 2500 g/cm?®. The product
is off-white to faint grey in colour, with a moisture
level of 1-2%.

2.2. Specimen Preparation

Unsaturated isophthalic polyester resin and natural filler
montmorillonite nanoclay were mixed together to make
the final product. The different amounts of nanoclay (1,
3, 5, and 7 wt%) and polyester resin are mixed together
using the ultrasonication method!'>' in which the
optimum 5 wt% (i.e. even dispersion of nanoclay without
agglomeration) nanoclay!'?is considered for this work.
Similarly in the polyester resin, primary reinforcement
takes the form of jute fibres with different fibre
contents (5%, 10%, 15%, 20%, 25%, and 30% wt.%),
while secondary reinforcement takes the form of
montmorillonite nanoclay!'®'® in which the optimum
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15wt% jute fiber"™ is considered for this work. Figure
1 shows the hand layup fabricated specimens of neat

(a)

(b)

polyester, optimum 5wt% nanoclay, 15wt% jute fiber
and optimum 15wt% jute fiber + 5wt% nanoclay.

- 'l - ..*{ﬂ l-

(c) (d)

Fig. 1. Composite plates of (a) Neat polyester; (b) 5wt% clay polyester; (c) 15wt% jute fiber;
(d) 15wt% jute fiber + 5wt% nanoclay

2.3. UVB Weatherometer

The controlled deterioration of a material sample caused
by light, oxidation, moisture, etc. is measured using a
weatherometer. A substance or product will weather
when it reacts negatively with the environment, frequently
leading to unintended and early failures'. In order to
evaluate specimens under regulated circumstances, it
may produce UV and other light frequencies. The
components used for the fabrication of the UVB
Weatherometer are as follows: 20 W fluorescent UV-B
lamps — 2 nos; reflector — 2 nos; UV Sensor ML8511 &
Arduino board — 1 nos; Enclosure — 1 nos.

From microlites, Chennai, 20 W fluorescent UV bulbs
emitting UV-B light with a wave length between 305
and 315 nm were purchased. The two lights were
placed on the enclosure’s upper and lower sides. The
UV light is directed onto the test specimen using a
reflector. In this work, used an Arduino interface to
measure the ultra violet light intensity in mW/cm?2. The
UVB-burning rays range in wavelength from 280 nm to
390 nm, which is better detected by the ML8511 UV
sensor. The accelerated weathering tester with an
irradiance level of 0.15 mW/cm? at 315/ nm wavelength
was used in the UV testing 2.

2.4, Tensile, Flexural and Impact Testing

A Zwick/Roell universal testing equipment was utilised
for both the flexural and tensile tests. The tensile test
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was performed at a rate of 2 mm/min in accordance
with ASTM D-638. ASTMD-790 mandated a flexural
three-point bending test, which was performed. The
Izod technique was used to calculate the impact
strength in accordance with ASTMD-256. All analyses
were performed on sets of five samples, and their
averages were recorded.

3. RESULTS & DISCUSSION

The pure polyester resin, polyester nanoclay,
jute fibre reinforced polyester nanoclay
composites that are fabricated are cut into the
required dimension using an abrasive water jet
cutting machine located in Alind, Chennai.

All the samples were treated to UV ageing
utilising a UV accelerated weathering chamber
in order to investigate the possibilities of
montmorillonite nanoclay reducing the
damaging effects of UV and thermal stability.
Throughout the course of 100 hours (nearly
equals a year) of exposure “, UV rays produced
by 315 nm fluorescent were permitted to
continually incident on the surfaces of the
various nanocomposite samples. Figure 2 and
3 represent the stress strain curves of
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composite specimens before and after
exposure to UV radiation.

During exposure to UV light, composite
materials lose tensile, flexural and impact
strength. It was discovered that the tensile,
flexural and impact strengths dropped from
32.14 to 21.64MPa, 58.08 to 46.41MPa, and
37.74t0 27.21, respectively for neat polyester
resin.

Figure 4 demonstrates that the addition of clay
to polyester resin raises the tensile property
by 19.22%, from 32.14 to 38.32 MPa. As
indicated in Figure 3, when pure polyester and
polyester nanoclay samples were subjected
to UV radiation, the percentage drop was 32.67
and 12.81 percent, respectively, compared to
the unconditioned sample. Similarly, the
addition of clay to jute polyester resin raises

0.0 Pyl
Polyesian « NG
0.0 Polyasiar » JF

g
[MPg) 400

its tensile property by 15.65%, from 41.27 to
47.73 MPa. As indicated in Figure 4, when the
jute polyester and jute polyester nanoclay
samples were subjected to UV radiation, the
percentage drop was 18 and 7.77 percent,
respectively, compared to the unconditioned
sample. It is evident from the data that the
percentage increase in polyester and jute fibres
after the addition of nanoclay was attributable
to improved clay dispersion and robust fibre-
matrix adhesion!'2'®l. In contrast, the percentage
loss was reduced in response to UV exposure
without clay and clay addition in relation to
polyester and fibre addition. This decrease in
percentage was attributable to the fact that
when clay was added to the polymer, its
platelets totally exfoliated and acted as barriers
against the entry of UV radiation!'”..
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Fig. 2. Stress strain curve of composite specimens before exposure
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Fig. 3. Stress strain curve of composite specimens after exposure
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Fig. 4. Tensile properties of untreated and UV treated specimens
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The addition of clay to polyester resin
increases the flexural property by 14.26%,
from 58.08 to 66.36 MPa, as shown in
Figure 4. As shown in Figure 5, when samples
of pure polyester and polyester nanoclay were
exposed to UV light, the percentage decrease
was 20.09 and 10.71 percent, respectively,
as compared to the unconditioned sample.
Likewise, adding clay to jute polyester resin
increases its flexural property by 15.43%, from
81.71 to 94.32 MPa. As shown in Figure 5,
when jute polyester and jute polyester nanoclay
samples were exposed to ultraviolet light, the
percentage decrease was 13.94 and 3.39 percent,
respectively, compared to the unconditioned
sample. The percentage increase in polyester
and jute fibres with the addition of nanoclay is
clearly attributed to enhanced clay dispersion
and strong fibre-matrix adhesion, as indicated
by the statistics '4. In contrast, the percentage

loss decreased in response to UV exposure
without clay and with clay addition in
comparison to polyester and fibre addition. The
reason for the drop in % is that nanophased
samples retained their characteristics better
than neat samples after being exposed to UV
light. There was some evidence that the
nanoclay infusion helped reduce the UV
deterioration of the composites!'®.

Figure 6 indicates that incorporating clay into
polyester resin increases the impact property
by 28.30%, from 37.74 to 48.42 kJ/mm?. This
shows that the percentage reduction in pure
polyester and polyester nanoclay exposed to
UV light was 27.90 and 14.37 percent,
respectively, as compared to the unconditioned
sample. Similarly, adding clay to polyester resin
made from jute improves its impact property
by 15.43%, from 64.51 to 80.35 kd/mm?2,

Flexural Test

anll

— 1m0
]
=%
= 8
=
e
=4}
=
£
[}
=
=
-
=
L
Polyester Polyester +
MNamneclay

Before Exposure [l After Exposure

Paolyester + Jute Polyester + Jube +

MNanoclay

Fig. 5. Flexural properties of untreated and UV treated specimens
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Figure 6 shows that the UV-exposed jute
polyester and jute polyester nanoclay samples
saw a 16.88% and 4.99% reduction in weight,
respectively, as compared to the unconditioned
sample. Improved clay dispersion and strong
fibre-matrix adhesion can be directly attributed
to the observed percentage increase in
polyester and jute fibres following the use of

nanoclay. In contrast, the percentage loss was
mitigated by UV exposure combined with either
polyester or fibre, but not both. The addition of
clay to the polymer caused the platelets to
completely exfoliate, creating a barrier that
reduced the amount of UV light that penetrated
the material by a significant proportion 1920,

b1
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Fig. 6. Flexural properties of untreated and UV treated specimens

4. CONCLUSION

The impact of montmorillonite nanoclays on
the properties of jute fibre reinforced polyester
composites was examined using a UVB
weatherometer. The findings allow for the
following inferences:

° In comparison to neat samples,
nanophased materials following UV
exposure exhibited a good preservation
of characteristics. a sign that the UV
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deterioration of the composite materials
was reduced as a result of the nanoclay
infusion.

e  The addition of clay to polyester resin

reduces the deterioration level by
19.86%, 9.38%, and 13.53% when
compared to pure polyester resin’s
tensile, flexural, and impact properties,
respectively. Similarly, the addition of clay
to jute fibre reinforced polyester resin
reduces the deterioration level by
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10.23%, 10.55% and 11.89% when
compared to jute fibre reinforced polyester
resin’s tensile, flexural, and impact
properties, respectively.

Clay platelets formed a barrier to block
UV light as it passed through webs after
being exfoliated in the matrix. Due to the
clay’s contribution to aggregation, there
is a limitation in the clay content
application, and in the current study, only
5% of clay served the primary goal and
acted as a superior barrier.

The sample’s mechanical capabilities
were retained when it was exposed to UV
radiation, demonstrating that it is
conceivable to add nanoclay to the
polyester matrix, which has potential
uses in a variety of industries including
the textile, military, medical, and
biological domains.
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