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Introd yction

It is di cult for polymers to be treated a er use due to their
resistance to the environment. When polymers are disposed of in a
natural environment, they remain for a long time without degradation.
It is frequently asserted by environmental pressure groups that the
polyole ns can not biodegrade since the molecular weight must be
less than 500 for this to occur. Due to low cost and good mechanical
properties as compare to other commodity plastics polyethylene’s are
world’s most extensively used commodity plastic of the 21st century [1-
4]. Among the applications in all plastics, polyethylene consumption is
64% in packaging and bottles area [4]. In the packaging area, carry bags
are regularly used product and are most visible [5]. For easy disposal
of polymers naturally in an environment, photodegradable and
biodegradable plastics in packaging materials are the best combination
to decrease the accumulation of packaging waste in the environment
[6]. Many authors reported that degradation rate of polyethylene
is slow [7,8]. Biodegradable and photodegradable Ims may be the
solution of visual pollution; these polymers broke into small pieces
and reduce into low molecular weight. Natural photodegradation of
polyole nis a very slow process; however, many research papers have
reported use of transition metals, which act as pro-oxidant. Addition
of these pro-oxidants can promote the oxidation of polyole n in the
presence of oxygen and exposure to light/heat. Many pro-oxidant used
with plastics include oxide or stearates of metals such as manganese
iron, zinc, zirconium, cerium, titanium and cobalt [9-16].

In past few research articles the idea of increasing biodegradability
achieved by adding natural biopolymer such as starch along with pro-
oxidant in the presence of compatibilizer [17-19]. Further issues were
raised regarding the toxicity of transition metals and accumulation of
Nickel was inconsiderable [20]. Zirconium as a ceramic biomaterial
and biocompatibility with polyethylene has been reported [21,22].
Earlier research papers report the enhanced mechanical, thermal and
optical properties of Ims processed from the materials LLDPE /LDPE/
PLA/MA-g-PE and LLDPE/LDPE/PLA/MA-g-PE/nano zirconia
blend [23,24]. e role of inorganic llers on thermal, mechanical and
degradation properties was also reported with many blends [17,18,25].
Several publications have been published on the e ect of transition
metals on photodegradation [9-11,14-16].

ere is no literature based on the role of nano zirconia addition
on photodegradation in LLDPE/LDPE/PLA blend Ims. In this present

study e ectof nano ller zirconium oxide on photodegradation of MA-
g-PE compatibilized LLDPE/LDPE/PLA blown Im in accelerated
weatherometer has been studied. From the results, it was observed that
with an increase of nano ller amount support the degradation rate.
Physical changes, weight loss, mechanical, thermal and morphological
properties with degradation rate. By the FTIR analysis changes in
functional groups during the photodegradation were also analyzed.
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zirconia blown Ims were cut into rectangular shaped samples of
dimension 15 x 2.5 cm?. Blends were UV irradiated using an accelerated
weathering tester (Model-Q-Lab QUV/Spray with solar eye irradiance
control) following ASTM D-5208: standard practice for Operating
Fluorescent Light Apparatus for UV exposer of nonmetallic materials,
using irradiance of 0.66 W/m? for 8 hrs. Irradiance cycle and 8 hrs.
Condensation cycle. e samples were exposed upto 144 hrs.

Weight loss

Percent weight loss of nano zirconia lled and un lled LLDPE/
LDPE/ PLA/MA-g-PE blend blown Ims were determined as:
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prepared Ims. e crystallinity of without nano ller samples increased
around 1%, from 10.8 to 11.4, whereas with nano ller LnZ, samples
underwent higher increase, about 8%, from 21.74 to 29.7 a er 96 hours
of UV exposure (Table 4). e increase of crystallinity is probably due to
increased nucleation in the amorphous regions. e chain scission allowed
the small segments resulted to crystallize. e increase of crystallinity could
contribute in degradation products which possessed the lower Tm than
before UV exposed samples. Furthermore, the increase of crystallinity,
particularly LnZ, samples, gives supporting evidence on the role of zirconia
nano ller in accelerating degradation process on UV exposure.

FTIR

e Figure 4 illustrates Comparison spectra of LLDPE/LDPE /
PLA/MA-g-PE and LLDPE/LDPE /PLA/MA-g-PE/zirconia before and
a er UV exposure and characteristic peak (wave number) are given
in Table 5. Chain broadening was observed in LnZ, at 1190-1090 cm™*
(O-C=0 stretching) and in LnZ, chain broadening was not observed.
Chain broadening was due to the presence of more than one oxidation
product which can be clearly observed in Figure 4 a er 96 hrs UV
exposure. Change in intensities of zirconia containing nanocomposite
shows noticeable change at 2901 cm* and 2915 cm (C-H stretching),
1756-1744 cm
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Figure 4: FTIR of LnZ  and LnZ, before and after 96 hrs. UV exposure.

Before r";;;‘"""‘ neaE X

Figure 5: SEM images A) LnZ  before and after 96 hrs. UV exposure and B) LnZ, before and after 96 hrs. UV exposure.
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observed in LLDPE/LDPE/PLA/MA-g-PE (LnZ ) and its nanocomposite
a erexposure to the UV light, and observed that number of voids together
with extended cracks running in-between and around the dispersed
particles in nano ller lled blend (Figure 5b). e formation of a large
number of voids and cracks in the nanocomposite suggests that LLDPE/
LDPE/PLA/MA-g-PE degradation begins at the interface between the
polymer matrix and the nano ller particles. As a result, we can assume
that a well-dispersed ller, which results in an increased interface region
between matrix and ller and enhances degradation.

P{; sical changes

Physical and weight changes shown in Figures 6 and 7 and observed
that samples were become brittle in nature and weight loss seen a er
the exposure of UV. With and without ller weight loss was 4% to 6.4%,
0.92% respectively a er 144 hrs UV Exposure.

Concl gsion

e in uence of UV-irradiation on with and without nano
zirconia lled LLDPE/LDPE/PLA/MA g PE blend blown Ims shows
tremendous optimistic results. Which was supported by various
techniques such as FTIR, SEM and DSC.

e following conclusions can be drawn from above experiments:

1. A er UV exposure, the highest reduction in tensile and
elongation at break properties was observed in the blend
containing 1.5 phr nano zirconia in LLDPE/LDPE/PLA/MA g
PE blend by 54% and 90.7% a er 48 hrs before ruptured and in
LLDPE/LDPE/PLA/MA-g-PE blend by 50.2% and 90.2% a er
144 hrs UV exposure.

2. Degradation of LLDPE/LDPE/PLA/MA g PE blend with nano
zirconia had occurred leading to crystallization.

Peak Position (cm™?)
2914- 2905, 28 cm*
1461cm™*

720 cm*

Characteristic group

CH symmetric and asymmetric stretching
CH, bending
vibration of CH,
1756-1744 cm* Ester carbonyl group
1190-1090 cm* O-C=0 stretching
1024 C-O stretching

1639-1600 cm* C=C bond

Table 5: Data obtained from FTIR spectra.
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Figure 6: Physical changes after UV exposure of various LLDPE/LDPE/PLA/
MAgQPE blend and its nanocomposites.
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Figure 7: Weight loss (%) after UV exposure.

3. e FTIR spectra show changes in intensities, especially in
the carbonyl (1756-1749 cm?), 1190 -1090 c¢cm? (O-C=0
stretching) and bands at 721 cm* and 1461 cm- corresponding
to vibrations of -CH, groups and bending vibrations of -CH,
bonds respectively on UV exposure. e change in intensity of
these peaks is a result of the fracture of the polyethylene chain
a er UV exposure.

4. Surface cracks and voids were enhanced by addition of nano
ller nano zirconia. It was clearly seen by SEM analysis at 1.5
phr containing nano zirconia LLDPE/LDPE/MA g PE blend
(LnZ,) shows more cracks and voids than LLDPE/LDPE/MA

g PEblend (LnZ ) a er 96 hrs. UV exposure.

5. Weight loss 6.4% in LLDPE/LDPE/PLA/MAgPE/nano zirconia
nanocomposite (LnZ,) and 0.92% in LLDPE/LDPE/PLA/MA-
g-PE blend (LnZ,) and physical changes were observed a er
UV exposure.
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