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and vinyl were obtained during chain scission.

INTRODUCTION

The present time is known as polymer age, as most of the
materials in different applications have been replaced by a
variety of polymers. The useful properties and low cost of poly-
mers made them important and unique. The most commonly
used polymer is polyethylene, which is used in different forms
i.e. low density polyethylene (LDPE) and high density poly-
ethylene (HDPE). High density polyethylene (HDPE) is widely
applied in broad range of applications in packaging films, wrap-
ping materials, shopping and garbage bags, fluid container,
clothing, toy, household, television box, radio box and building
materials, etc. throughout the world. HDPE is also used as an
antibacterial [1,2], antimicrobial, hydrophobic coating material
[3], filament [4], engineering composite material [5], etc.
HDPE is hardly degraded and it remained for several years on
earth due to environmental resistance properties and as a result,
leading to infertile land [6,7], water pollution, air pollution,
blocked drainage, marine pollutions, etc.[8,9]. This problem
is multiplied due to over use and harvesting, dumping of
polymeric wastes in oceans [10-12]. This polymer has many
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adverse effects and creates problems in human beings such as
irritation in the eye, failure of vision, difficulties in breathing,
dysfunction of liver, respiratory organs, skin diseases, cancers,
etc. [6]. Moreover, manufacturing of HDPE enhances ozone
layer depletion and produce toxic gases, which are hazardous
to environment [13-15].

Researchers have developed different methods for degra-
dation of such polymers. Serrano et al.[16] investigated thermal
cracking of HDPE (a polyolefin) in solvents having tendency
to donate hydrogen (tetralin, decalin and 1-methylnaphthalene,
9,10-dihydroanthracene). Thermal and flame retardancy prop-
erties of high-density polyethylene (HDPE)/ethylene vinyl-
acetate copolymer (EVA)/fullerene (Cep) nanocomposites were
studied by Liu et al. [17]. Chrissafis et al. [ 18] studied the kinetic
analysis of thermal decomposition of HDPE and its nano-
composites by preparing a series of HDPE nanocomposites
containing fumed silica (Si0O,) nanoparticles. It was observed
that SiO, had almost no effect on decomposition mechanism;
however, activation energies were affected. Ewais et al. [19]
studied the effect of time to rupture a 1.5 mm thick HDPE
geomembrane under a pressure of 250 kPa at 85 °C. Similarly,
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Martinez-Romo et al. [20] studied the changes in structural
properties of different polymers such as HDPE films, LDPE
films, biodegradable polyethylene (PE-BIO) and oxodegrad-
able polyethylene (PE-OXO) when exposed to UV-B radiation.
It was observed that LDPE and HDPE films on pretreatment
by an accurate radiation UV-B dosage before its use can become
a good option for biodegradable material without the addition
of any organic agents or photosensitizers. In the present investi-
gation, an effort has been made to degrade HDPE using CaO
in presence of light and the observations revealed that HDPE
has been degraded in smaller fragments.

EXPERIMENTAL

In this work, high density polyethylene (HD53EA(010)
(Reliance Polymer Ltd., India) was used. Halogen lamp 500 W
(Crompton Ltd.) was used for irradiation. Xylene (97% pure)
(Qualigens) solvent was used for dissolving HDPE, while CaO
nanoparticles were prepared by the reported method [21]. In
brief, 1 g of HDPE was dissolved in 150 mL xylene solution
using magnetic stirrer at 150 °C. After dissolving it completely,
solution was separated into three groups as: (i) 0.1 g CaO +
HDPE (HDPE-]), (ii) 0.2 g CaO + HDPE (HDPE- II) and (iii)
0.3 g CaO + HDPE (HDPE-III).

Photodegradation of HDPE: Photodegradation of HDPE
was carried out in a fabricated reactor. The specimen was kept
17 cm away from lamp. Light was passed through water filter
(2 mm layer), which was used for absorbing heat during reaction
and kept for 28 days. Sampling was carried out by withdrawing
the specimen from the chamber at regular interval of time to
monitor photodegradation.

FTIR analysis: FTIR spectra were obtained before and
after photodegradation using a Bruker Alpha FTIR with ATR
spectrometer. The specimen of HDPE was obtained in the form
of thin films was viscous in nature.

DSC analysis: Thermal analysis of the specimen before
and after photodegradation was carried out using a differential
scanning calorimeter (Perkin-Elmer, calibrated with indium and
zinc standards). HDPE (5.0 + 0.2 mg) was used for each measure-
ment and it was placed in a sealed aluminium pan, and then
heated to 160 °C at a scanning rate of 20 °C/min in an inert
atmosphere (N, 50 mL/min). Melting temperature (T,),
enthalpy of fusion (AH) and crystallization temperature (T.) were
determined from DSC curves. The degree of crystallinity (X.)
was measured by following equation:

X, (%) :EXAH;? x100
W

where AH is the enthalpy of fusion, obtained from DSC curve,
AHE is the enthalpy heat of 100% crystalline HDPE (290 J g)
and W is weight fraction of high density polyethylene specimen.

SEM analysis: SEM studies of specimen before and after
exposure to photodegradation were examined by using a JEOL
JMS 840A (Freising, Germany) scanning microscope.

RESULTS AND DISCUSSION

XRD studies: The sharp peaks in the XRD pattern (Fig. 1)
of as-prepared sample indicated the crystalline nature of CaO
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Fig. 1. XRD analysis of CaO nanoparticles

nanoparticles. Crystallite size of CaO nanoparticles was calcu-
lated by using the Scherrer formula and found to be 12 nm.

FTIR spectral studies: The photodegradations of HDPE
specimens were examined using FT-IR spectroscopy. Fig. 2
shows the FT-IR spectra of HDPE specimens using nano-
particles of CaO as a catalyst with before (HDPE) and after
irradiation for 28 days (HDPE-I, HDPE-II and HDPE-III). It
was observed that the HDPE specimens showed the character-
istic absorptions in the region 2912, 2846, 2338, 1464, 1363
and 721 cm’, which correspond to CH, stretching and bending
vibrations. The photodegradation of HDPE specimen was
ensured by the formation of carbonyl groups due to the partial
oxidation of HDPE (Scheme-I). The spectra of all the photo-
degraded specimens showed a new peak around 1716 cm™,
which is assigned to CO stretching vibrations. These variations
in the FTIR spectra indicated that the structural changes were
taken place in the HDPE specimen during photodegradation.
By comparing the peak area of the carbonyl absorption band
between the exposed specimens of HDPE with time and amount
of nanoparticles of CaO (Fig. 2a-d), it is clear that a broad peak
was observed in 1741-1716 cm™ region. These absorptions
may be due to 1769-1741 cm™' (esters) and 1723 cm™ (ketones)
[22]. A vinyl group with a band at 1603 cm™ was also observed
with time. The absorption 1603 cm™ always appeared in spectra
with a band at 969 cm™ (vinylidenic unsaturations) and 738
cm’ (methylene rocking).

Differential scanning calorimetry (DSC) studies: The
thermal and crystallization data were obtained from DSC for
the HDPE and photo-treated HDPE with CaO nanocatalyst.
DSC analysis of HDPE and photodegraded HDPE specimens
with different amounts of CaO after 28 days indicated that
crystalline melting peak decreases steadily due to change in
molecular weight of specimen (Fig. 3).

The crystallization temperature tends to shift to higher values
from 112.04 to 114.45 °C with increasing amount of CaO nano-
particles (Table-1). This indicated that the CaO nanoparticles
help in crystallization of HDPE and this effect becomes more
clear with higher amounts of CaO nanoparticles. Fusion enthalpy
was increased after photodegradation from 184.02 to 186.50 J g”!
(Table-1). It can also be seen that the crystallinity (XC %) of
HDPE specimen increases from 63.51 to 64.31 (Table-1) and
melting temperature (T, ) decreases from 130.05 to 128.32 °C
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Fig. 2. FTIR spectra of (a) HDPE (b) HDPE-I (c) HDPE-II and (d) HDPE-III
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Scheme-I: Reaction mechanism of photodegradation of HDPE in presence of nanoparticles of CaO
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66 TABLE-1
PARAMETERS OBTAINED FROM DSC MEASUREMENTS
o5 FOR HDPE AND PHOTODEGRADED HDPE SPECIMEN
Specimen T. (°C) T, O AH(J g X, (%)
o4 HDPE 112.04 130.05 184.02 63.51
s HDPE-1 112.14 129.50 185.16 63.84
% HDPE-II 113.18 129.11 185.99 64.13
2 63 HDPE-III 114.45 128.32 186.50 64.31
2 T,, is melting temperature, T, is crystalline temperature, AH is fusion
(0] 5 0. q
z g2 enthalpy and X, is degree of crystallinity
o
§ 61 (Table-1) with increasing time of exposure. It is well known
that chain scission occurs during photodegradation resulting
in decreased molecular size, which enhances mobility of chain.
01 Morphological study: The morphology of the photo-
degraded specimens was examined by SEM analysis. The SEM

5991 6795 100 105 110 115 120 125 130 135 140 144 images of HDPE film before and after photodegradation with

Temperature (°C) nanoparticle CaO (catalyst) were recorded (Fig. 4a). The speci-
Fig. 3. DSC thermogram of HDPE and photodegraded HDPE with mens were initially fairly smooth, but after 28 days photo-
different amounts of CaO nanoparticles degradation, significant morphological changes were observed.

33.00mm X 350k HDPL Ay A3.00mm X 350k HDPE-
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Fig. 4. SEM images of (a) HDPE, (b) HDPE-I, (¢) HDPE-II and (d) HDPE-III
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The surface of HDPE polymer was smooth and no crack was
seen. In HDPE-I photodegraded specimen after 28 days (Fig.
4b), the surface became rough and cavities were observed with
the appearance of defects and decomposition, which shows
that polymer specimen was degraded during photodegradation.
In case of specimen HDPE-II (Fig. 4c), fragment of surface
became small due to increasing amount of CaO, which can
also be seen in specimen HDPE-III (Fig. 4d), where amount
of CaO is more and therefore, surface has broken in smaller
fragments.

Conclusion

In present investigation, the photocatalytic degradation
of HDPE was studied using CaO nanocatalyst. Three different
quantities of CaO nanocatalyst were used viz. 0.1,0.2 and 0.3 g.
CaO showed better photoactivity under irradiation. Partial
oxidation leads to the formation of carbonyl group, which was
confirmed from the IR spectrum and the carbonyl group induced
crystallinity was observed in DSC. SEM images clearly indicated
the formation of cavities in the polymer matrix upon photo-
degrdation. All these data confirmed the degradation of HDPE
using CaO nanoparticles. A possible mechanism of degradation
has also been proposed, which shows degradation of HDPE
in smaller fragments. When compared the present results with
another published work of LLDPE, it is found that an increase
in amount of CaO nanoparticles helps in crystallization. Melting
point of LLDPE was more dropped as compared to HDPE,
which shows more degradation of polymer compound. Fusion
enthalpy of HDPE is found higher than LLDPE, which shows
better degradation. Degree of crystallinty of HDPE is also
found higher than LLDPE, which shows more conversion of
polymer in carbonyl fragment.
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