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Abstract

The presentwork has focused on the possibility of accelerating the biodegradation process of low-density polyethylene (LDPE) by mixing
it with starch and exposing the obtained blend to the effect of UV radiation and soil burial treatments. Comparable studies between the
properties of untreated LDPE/starch blends and those exposed to UV irradiation and/or soil burial treatment were investigated. In reference
to the mechanical properties of untreated blends. The tensile strength of the blends exposed to UV irradiation-soil burial treatments was
reduced by 20-66%, meanwhile, the tensile strength of the blends exposed only to soil burial treatment reduced by 10-26% from the
initial value according to the starch content in the blend. The changes in the thermal, structural, and morphological properties of the
blends due to the photo-irradiation and/or microbial treatments were determined using differential scanning calorimetry (DSC), transform
infrared spectroscopy (FTIR) and scanning electron microscopy (SEM). The obtained results showed that there is a synergistic effect on
the LDPE/starch biodegradation process when the blends exposed to UV-sunlight and followed by soil buried treatment. This means that
photo-radiation induced oxidation reaction enhanced and accelerated the biodegradability rate of LDPE/starch blends by creating oxidized
LDPE/starch that is more susceptible to biotic reactions. The results suggested that it is possible to replace non-degradable polyethylene
polymer by biodegradable one for controlling the lifetime of its waste.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Consequently, the main chains of polymer are degraded re-
sulting in polymer of low molecular weight and feeble me-
During the past 20 years, there has been a continuouschanical properties, thus, making it more accessible for fur-
increase in the production of commodity and packag- ther microbial assimilatiof©-11].
ing plastic products such as polyolefin, accompanied by Polyethylene (PE) is one of common synthetic polymers
an ever-increasing amount of plastic waste. This is be- of high hydrophobic level and high molecular weight. In
cause such products tend to accumulate in nature due tohatural form, it is not biodegradable. Thus, their use in the
their excellent mechanical properties, as well as chemical, production of disposal or packing materials causes dangers
weather and biodegradation resistafice3]. In recentyears ~ environmental problem§l,3]. To make PE biodegradable
biodegradable polymers with controllable lifetimes are be- requires modifying its crystalline level, molecular weight
coming increasingly important for application in the areas and mechanical properties that are responsible for PE resis-
of waste managemef#t,5]. tance towards degradatidfi,8]. This can be achieved by
The degradation of most synthetic plastics in nature is a improving PE hydrophilic level and/or reducing its polymer
very slow process that involves environmental factors, fol- chains length by oxidation to be accessible for microbial
lowed by the action of wild microorganisni§—8]. The pri- degradatiorf12,13]
mary mechanism for the biodegradation of high molecular ~ There is really only one way that PE can oxidize, even
weight polymer is the oxidation or hydrolysis by enzyme though there are a number of ways as ultraviolet light, heat,
to create functional groups that improve its hydrophylicity. or oxygen to initiate the oxidation. Adding certain additives
such as starch to the PE increases PE chain oxidation re-
* Corresponding author. Teks20-2747413; fax+20-2747498. actions; microbial consumption of starch increases the PE
E-mail addressharehim@hotmail.com (H.A. Abd EI-Rehim). surface area by creating pores and enhances oxygen based
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reaction[14-16] The radiation by UV or sunlight also re- attemperature 12%C. The material was immediately cooled

duces the polymeric chain size of polyethylene and form between the two plates of cold-press at@5Pure polyethy-

oxidizing groups such as carbonyl, carboxyl, and hydroxyl. lene samples were compression molded from pellets under

The intermediate products such as hydroperoxides, perox-the same conditions.

ides, alcohols, ketones, and perhaps some aldehyde resulted

from the partial oxidation of PE are presentin small amounts, 2.3. Mechanical properties

but they continue to undergo oxidation. The relative amounts

of some of these intermediate products is vary depending Measurements of the mechanical properties were per-

on whether the oxidation has been started by UV light. For formed using an Instron (model 1195) according to stan-

example ketone groups fastened to PE molecules are dedard methods at a 50 mm/min crosshead sz Dumb-

composed by UV light however, hydroperoxide groups are bell shaped specimens of 50 mm long and 4 mm neck width

decomposed both by UV light and by h¢af17-19] were used for the measurement of the tensile strength and
The combination of different environmental factors such percentage of elongation.

as oxygen, temperature, sunlight, water, stress, living or-

ganisms and pollutants which are responsible for degrada-2.4. FTIR measurement

tion of the polymer may result in synergistic effects on the

polymer degradation rat,20,21] In this connection the Fourier transform infrared spectroscopy (FTIR) spectra

present work has focused on the possibility of replacing were acquired using a Mattson 1000 FTIR spectrometer

non-degradable polyethylene by biodegradable one for con-product of Unicam Ltd., England. Samples were measured

trolling lifetime of its plastic waste. The most frequently in the form of thin films of thickness about 130n; which

adopted approach to degradability design has been to intro-prepared by hot-press moulding. Carbonyl index (ClI) was

duce pro-degradant additives into synthetic polymers suchcalculated by means of the absorbance ratio of the IR bands

as starch. Therefore, low-density polyethylene (LDPE) was at 1712 and 1465 cmt (A171/A1465) for LDPE [10].

blended with starch and the synergistic effect of combin-

ing UV-sunlight and soil burial on the degradability of such 2.5. Scanning electron microscope (SEM)

blends was investigated. The changes in the mechanical,

thermal, and morphological properties of the blend exposed ~The morphology of the blends was studied using scanning
to UV-sunlight and/or soil burial treatments were studied €lectron microscope model JEOL JSM-5400. The treated

and evaluated. blend was coated with gold before the examintion.

2.6. Thermal gravimetric analysis (TGA)
2. Materials and methods
Shimadzu TGA system of type TGA-50 was used for mea-
2.1. Materials surement of TGA. In the present study, nitrogen flow was
kept at constant rate of about 50 ml/min to prevent thermal
The maize starch of commercial grade was supplied by oxidation processes of polymer sample.
El-Nasr Pharmaceutical Chemicals Co., Egypt. Low-density
polyethylene (LDPE) granulates of density 0.921 gfcamd 2.7. Differential scanning calorimetry (DSC)
melting temperature 10€ was obtained from Techno Co.,
Egypt. Polyethylene glycol (PEG) of molecular weight (Mw: Thermal parameters of the pure polymer and polymer

4000) was supplied by Adwic Co., Egypt. blends; melting temperatureT{) and heat of melting
(AHp) at first heating run were determined by using DSC
2.2. Preparation of polyolefins/starch blends Perkin-Elmer equipped with DSC-7 data station. Specimens

(~6mg) of the LDPE and LDPE-starch blends were used

The blends were prepared by melt blending of the LDPE for DSC measurements. Indium and zinc standards were
and LDPE/starch/PEG masterbatch in a Brabender Plas-utilized to calibrate the temperature and thermal scale. The
tic order at temperature 12E. For each composition, the measurements were carried out in &mosphere at a heat-
LDPE was melted for 2min and then the masterbatch wasing rate of 10°C/min. On the first heating up to 14C.
added accordance desirable concentration of starch such aghe heats of meltingAHm) of pure polymer and polymer
(3, 5, 10, 15, and 25%) and mixer speed was set at 75 rpm.blends were determined from area of the corresponding
The mixing time was continued for 10 min, and then hot transitions in the DSC scans.
blend was removed from the mixer and converted to sheet
by using a mill having two rollers. The sheets were cut into 2.8. X-ray diffraction
small pieces for preparation films by compression mold-
ing using a Carver Laboratory Press under a pressure of The X-ray diffraction patterns of the polymer films
200 kg/cm for 10 min using a spacer of 0.15 mm and 0.2 mm were measured with a modern SHIMADZU Diffractome-
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ter XD-D1 series which is operated fully automatically.
The X-ray copper target tube was operated at 40kV and 140
30mA. All the diffraction patterns were examined at room —~ 120
temperature and under constant operating conditions. "5
The estimation of the mean size of the crystalline parti- g 100
cles of polymer was made by using the XRD data and the g
Scherrer equatiof23], which is given by g’ 80 1
% 60
L= 5o $ Qe
p cost E 40 A 10% starch
whereL,y represents the mean crystal dimension normal to 20 i<v> o e
the correspondingkl plane;s, the half-height width of the
scattering; 2, the scattering angle;, the wavelength; and 588
k is a constant. 520
2.9. Soil burial treatment 495 7
g 390
The thin film dumbbell shaped samples were buried in § 325
sandy-clay Egyptian soil at a depth of 2 inch in glass boxes. {Eg, 260
The moisture contents of the soil samples were kept almost g
in the range of (48—68%) with drinking water in glass boxes 195
and stored in room temperature. A control box contained 130
only samples and no soil. The control and buried blend sam-
ples were removed after six months and then washed with
distilled water and dried at 3@ in vacuum oven for 24 h. 0 ' ' l
Samples were then allowed to equilibrate to ambient tem- 0 30 60 20
perature and for at least 24 h before testing. Exposure Time (day)

Fig. 1. Effect of UV-sunlight exposure dose on the mechanical properties

2.10. Irradiation of samples by UV-sunlight of LDPE and LDPE/starch blends containing different amounts of starch.

Outdoor unprotected exposure for one set of all the exam-

ined samples were performed on the roof of National Center the elongation percent decreases with increasing the sunlight
for Radiation Research and Technology Nasr City, Egypt, in exposure dose for both LDPE and LDPE/starch blends.
summer time 1999 (from August up to October). The LDPE  The results obtained assumed that the photo-oxidation
and its blends were exposed to UV sunlight continuously of | DPE and LDPE/starch blend is characterized by an
for 15, 30, 60, and 90 days. induction period in which oxygen uptake, that is respon-
sible for the intermediate products formation includes hy-
droperoxides, peroxides, alcohols, ketones, occurs at a very
3. Results and discussion low rate. Consequently, the photo-oxidation degradation of
LDPE-blends in this stage is very limited. With increas-
3.1. Effect of UV-sunlight on the mechanical properties of ing the exposure time, the oxygen uptake increases and
LDPE and LDPE/starch blends the rate of formation of intermediate products increases
leading to the rapid increase in carbonyl group concentra-
It is well known that UV-sunlight has a deterioration ef- tion. In this stage, the effect of photo-irradiation on LDPE
fect on many plastic materials including LDPE. These ma- or LDPE/starch blend is mainly caused by slightly chain
terials, when exposed to the outdoor environment, undergoscission, which resulted in chain reorientation in the form
significant changes, namely, photo-degradation, causing lossof shorter, more readily crystallizab[@4]. This results in
of mechanical characteristics and this depends on the surforming a polymer of higher density and degree of crys-
intensity and other environmental factors. Therefore, the tallinity. Thereby, no significant effect on tensile strength
changes in tensile strength and elongation percent for LDPEof LDPE was occurred, however, significant decrease in
and LDPE/starch blends exposed to UV-sunlight were in- elongation percent of LDPE and LDPE/starch blend was ob-
vestigated and shown iRig. L It can be seen that, there served. This result agrees with that obtained by Yanai et al.
are no significant changes in tensile strength of LDPE and [18] who found that the photo-degradation of polyethylene
LDPE/starch blend containing different ratios of starch with causes an increase in its elastic modulus and decrease in
increasing sunlight exposure time. Also, it is observed that elongation.



550 H.A. Abd EI-Rehim et al./Journal of Photochemistry and Photobiology A: Chemistry 163 (2004) 547-556

525
140 == before soil burial
-1 == after soil burial
105 375
70 225
35 Q before burial 75
[ after soil burial
O szg ~/\After expos.toUV-15 days
] X After expos.toUV-15 days/soil burial
. 140 e
5 - 375
g 105 g -
= s
S ® 225
£ 70 o
] s -
K &
3 .
E 35 N\ After expos.toUV-15 days I
0 -
W After expos.toUV-15 days/soil burial 525
0 i _Obl:nd after expos.toUV-60 days
140 - N =Crafter expos. toUV-60 days/soil burial

375

225

O After expos.toUV-60 days 0

O After expos.toUV-60 days/soil burial

0 5 10 15 20 25
0 T T T T T Starch Content (wt.%)

0 5 10 15 20 25
Starch Content (wt.%)

Fig. 3. Change in elongation percent of LDPE/starch blends as function
of starch content in the blend after exposure to UV-sunlight and/or soil

Fig. 2. Change in tensile strength of LDPE/starch blends as a function burial treatment.
of starch content in the blend after exposure to UV-sunlight and/or soil
burial treatment.
reduced by 70-100% depending on the starch content in
the blends.
3.2. Effect of UV-sunlight and soil burial treatments onthe  The results suggested that UV photo-degradation of
mechanical properties of LDPE and LDPE/starch blends  a polymer like polyethylene, which is made of carbon
and hydrogen atoms, results from the breaking of carbon
The tensile strength and elongation percent of UV irradi- bonds in each molecule with a lowering of the molecular
ated and untreated LDPE/starch blends after their exposureweight. Also, abstraction between polyethylene polymer
to soil burial treatment against the starch content recordedchains (intermolecular chain transfer) may lead to signif-
at the end of six months were investigated and shown in icant molecular weight changes. An intermolecular chain
Figs. 2 and Jrespectively. It was found that as the starch transfer might leads to 1-hexene, propylene, and other low
percent increases in the blend, its mechanical properties demmolecular weight compound§¢heme L The degradation
crease. Also, the tensile strength and elongation percent ofand cleavage in the main chains of LDPE/starch blend by
the blends exposure to UV-sunlight followed by soil burial UV irradiation accelerated and enhanced biodegradation
treatment are lower than that of the blends exposed only toprocess of such blend. This leads in the a loss of blend
soil burial treatment. Moreover, the mechanical properties
of UV-irradiated blends followed by soil buried treatment

decreases as the UV-sunlight exposure time increases. /= CH,

In reference to the mechanical properties of untreated ~CH~CH — CH — ~CH,~CH—CH,—CH,—CH,—CH,
blends, the tensile strength of soil buried blends (for 6 H CH, / \
months) was reduced by 10-26%, however, their elongation

percent was reduced by 40-74% depending on the starch wnCH,—CH=CH, +
content in the blends. Meanwhile, the tensile strength of
the blends exposed to UV irradiation-soil burial treatments
was reduced by 20-66% and their elongation percent was Scheme 1.

*CH,—CH,—CH,
wos + CHy=CH—CH,—CH,—CH,~CH,
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Fig. 4. FTIR spectra for LDPE/starch (75/25) blend. (A) (al) Blank blend, (a2) blend after exposure to soil burial treatment; (B) (b1) blend sifter expo
to UV-sunlight for 60 days, (b2) blend after exposure UV-sunlight for 60 days followed by soil burial treatment.

mechanical properties, like tensile strength, toughness, andreated blends. Moreover, a new band at 1740%rfor
percentage of elongation. Again the biodegradation processperoxide groups was observed for such treated blends
of LDPE/starch blends can be improved by increasing the [25,26]
content of pro-degradant-starch in the blend as well as the To obtain quantitative information of the structural mod-
UV-sunlight exposure dose. ification of treated LDPE and LDPE/starch blend, their

carbonyl index values were estimated and showRiq 5.

It is clear that the carbonyl index value of LDPE ex-
3.3. FTIR studies on LDPE/starch blends exposed to posed to UV-sunlight treatment increases as UV-irradiation
UV-sunlight and/or soil burial treatment dose increases. However, there is no significant change

in the carbonyl index of UV-irradiated LDPE and that of

Structural changes such as an oxidation level of LDPE UV-irradiated LDPE followed by soil burial treatment. On

due to the UV-sunlight and/or soil burial treatment can be the other hand, the carbonyl index value of LDPE/starch
accurately detected by FTIR5]. Fig. 4shows FTIR spectra  blends which exposed to UV-sunlight following by soll
for LDPE/starch blends exposed to UV-sunlight and/or soil burial treatments and those treated only with UV-sunlight
burial treatment. The spectra show that the starch-hydroxyl increases as the irradiation dose increases. Moreover, the
group band of soil burial treated blends disappears mean-carbonyl index value of the former one is higher than that of
while, a new carbonyl groups band at 1712¢nresulted the later one for all corresponding investigated irradiation
from the degradation of LDPE/starch blends exposed to dose. The carbonyl index of LDPE/starch blends, which
UV-sunlight and/or soil burial treatment clearly appears. In exposed to UV-sunlight followed by soil burial treatments,
case of LDPE/starch blends exposed to UV-sunlight and is higher than that for LDPE treated in the same manner.
followed by soil burial treatment the intensity of such car-  The results obtained indicated that the biodegradation rate
bonyl band is higher than that of microbial or UV-sunlight of LDPE/starch blends which exposure to UV-sunlight/soil
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Fig. 5. Carbonyl index for LDPE and LDPE/starch (75/25) blend. Exposure Fig. 6. Thermal diagram for LDPE/starch (75/25) and LDPE after exposure
to UV-sunlight of different doses and/or soil burial treatment. to UV-sunlight for 60 days and/or soil burial treatment.

burial treatment is much higher than that of LDPE treated

with the same manner. This means that the starch plays anyf jts measurable physical and chemical properties can be
important role in enhancing the LDPE biodegradation rate. getected by thermal analysis. To determine the morpholog-
ical and structural changes in the polymers, the change in
3.4. Effect of UV'SUn“ght and Soil Burial treatments on thermal parameters such as the me|t|ng temperam (
Thermal Stability of Blend and heat of fusion4Hm) of LDPE and LDPE/starch blends
exposed to UV-sunlight at different doses and those exposed
Typical TGA diagram obtained for LDPE/starch blend to UV-sunlight and followed by soil burial treatment for six
samples buried in soil and those exposed to UV-sunlight fol- months were investigated by DSEigs. 7 and &
lowed by soil burial treatment are shownFiyg. 6. It is clear From the DSC thermal diagramBi@. 7), it can be seen
that soil burial treatment for untreated blends caused reduc-that there is no significant change in thg of the original
tion in the value of LDPE decomposition temperature from | DPE/starch blend after exposure to UV-sunlight at differ-
504 to 497C. However, the decomposition temperature of ent doses. While, by increasing UV-sunlight exposure dose,
the blends exposed only to UV-sunlight and those irradiated a shoulder appeared in tig, peak and seemed to broaden
with UV-sunlight and followed by soil burial treatment was  with increase of exposure dose. Meanwhile, in case of the
501 and 478C, respectively, at 95% blend weight loss. This  blends which were exposed to UV-sunlight and followed by
result reflected the positive effects of the UV-sunlight and soil burial treatment, a significant changeTiq value is ob-
biotic reaction on the improvement of LDPE/starch blends served Fig. 8). The original Ty, split into two new melting
degradation process and indicated the reduction in blendpeaks appeared at 107 and 2@0however, thel,, of un-
molecular chains length due to UV-sunlight and soil burial treated blend appeared at 1@ As the UV-sunlight dose
treatments. increases the intensity of blend melting peak that appeared at
107°C increases on the expense of that appeared at@10
3.5. Effect of UV-sunlight and soil burial treatments on the [17,18]
crystallinity of LDPE/starch blends The appearance dfy, peak with a shoulder for the blend
treated with high dose UV-sunlight indicated that the UV ir-
The capability of UV-sunlight irradiation and/or growth radiation caused some structural changes in the blend chains,
of microorganisms on the plastic to cause changes in somehowever, thél,, value of UV irradiated blends was the same
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biodegradation treatments. As the crystal size and/or poly-
08 meric chain length decreases fhg of the blend decreases.
Table 1shows the heat of fusion of UV-sunlight irradiated
blends and those treated with UV-irradation and followed
by soil burial treatment for six months. For the blend treated
only with UV-sunlight it is clear that the heat of fusion of
irradiated blend is increased with radiation dose to reach a
maximum at 60 days thereafter, it gradually decreases as
the irradiation dose increases. The UV radiation causes an
increase in the crystalline level of LDPE and consequently,
the heat of fusion increases. Increasing the UV irradiation
leads to chain scission, reduction in molecular weight and
decrease in heat of fusion. Meanwhile, the heat of fission
of the blends exposed to UV-sunlight and followed by soil
burial treatments increases as the irradiation dose increases.
This can be attributed to the biotic reactions that consume
the starch as well as the amorphous part of LDPE. In this
way, the weight ratio of LDPE/crystalline part increases, i.e.
the apparent increase in the crystallinity of the sample is
mainly due to the whole amorphous phase beside starch in
the blend that is consumed by the effect of microorganisms.

- 30

(3
[t

b

N Heat Flow Endo Up (MmW) —mmm ————
s

=)

3.6. XRD studies
D — P e o ‘The degree of crystallinity of LDPE/starch blends treated
Temperature (°C) with UV-sunlight and those irradiated with UV-sunlight
followed by soil burial treatment was also determined by
Fig. 7. DSC thermal diagram for LDPE/starch (75/25) blend after exposure X-ray diffraction. The XRD spectra show sharp distin-
to UV-sunlight of different times (days) (A) 0; (B) 30; (C) 60; and (D) 90. guished peaks at 23.7 and 21.5 of the angular positidor2
LDPE (Fig. 9). The intensity of the peaks of UV irradiated
as untreated one. This suggested that the degradation bylend is higher than that of un-irradiated one. These results
UV results in fragment have a capability to reorient again indicated that the degree of polymer blend crystalinity in-
in crystal form, therefore, there is no significant change in creased when exposed to UV-irradiation. Meanwhile, XRD
Tn of irradiated blend. These results confirmed the mechan- pattern of the LDPE/starch blend exposed to UV-sunlight
ical testing results, in which the blend tensile strength was and followed by soil buried treatment shows the same peaks
not significantly changed when exposed to UV-sunlight. For at the same angular positior9 Dut, of lower intensity.
the UV-irradiated blends followed by soil burial degrada- This means that the crystal sizes for LDPE/starch blends
tion the results assumed that the changdinvalues of decreases during biodegradation process.
such blends is corresponding to the change in their molecu- Main crystal size of LDPE/starch blends treated with
lar weight as well as crystal size caused by both photo- andUV-sunlight and those exposed to UV-sunlight followed

Table 1

Effect of UV-sunlight and/or soil burial treatment on tiaH,, and Ty, for LDPE/starch (75/25) blend

Condition LDPE/starch blend Action Tm (°C) AHm (J/9)
After exposure to UV-sunlight After soil burial for six months

- - Non 109.33 74.76
15 - Single 109.83 75.5
30 - Single 109.16 75.2
60 - Single 109.16 75
90 - Single 109.33 74

- Burial Single 108 77.2
15 Burial Double 110 107.2 78.8
30 Burial Double 110 107 79.6
60 Burial Double 110.16 106.8 80.3

90 Burial Double 110.33 106.5 80.5
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by soil burial treatment was determined, and shown in

Fig. 10 It was found that there is no significant changes 2800 - — - siank blend LOPEsstarch-PEG: 75125 A)
in the main crystal size of blends that treated with vari- <+ - after expos. to UV-80 days
ous UV-irradiation doses. However, the main crystal size
of blends exposed to UV-sunlight of different doses and _222100 ] .
followed by soil burial treatment decreases. These results 3 i
indicated that as the UV irradiation dose increases the rate §1400 - 18
of biodegradation increases and consequently, the blend £ “';
crystal size decreases. 700 - jf \\
3.7. SEM studies 0 b e
2800 4| — Blank blend after expos. to soil burial
The surface topography of UV-irradiated LDPE/starch = -+ after expos. to UV-60/soll burial (B)
blend containing different amount of starch before and af- 2100
ter soil burial treatments for six months was investigated by 3
using SEM. The SEM examination clearly showed the cre- §
ated holes and cavities at the surface of the blend exposed § 1400
to different treatmentsHg. 11A-D). Many of these cavities £ P
could be seen to have fungal hyphae growing. Also, itcanbe ;4 | | \
seen that the degree of deterioration caused by the biotic re- A
action tends to increase with increasing starch content in the oo e T T T DTN
blend Fig. 11B,Q and enhances when the blend exposure 0 =" T s
to UV-sunlight before soil burial treatmerftig. 11C,D. 10 15 ég) 25 30

The results suggested that the microbes in soil degraded
the starch and also oxidized the LDPE amorphous regions.rig. 9. XRD spectra for LDPE/starch (75/25) blend at different conditions:
Again, the microbes created pores on consumption of starch,(A) before and after exposure to UV-sunlight; (B) after exposure to
plasticizer PEG as well as the oxidized amorphous regions UV-sunlight and/or soil burial treatment.
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of LDPE resulted from UV-sunlight treatments. Thereby,
120 | B e o ! the surface area of polymer blends increased and this im-
proves oxygen-based reactions, that enhances and increases

LDPE chain oxidation reaction. Creating oxidized LDPE
chains ends in a degraded LDPE/starch makes LDPE more
100 - susceptible to the biotic reactions continuation. The high de-
terioration, of the blend exposed to sunlight and followed
by soil burial treatments indicated that the pre-oxidization
by UV-sunlight radiation before soil burial treatment played
significant role to improve and accelerate the biodegradation
process of LDPE/starch blends.
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Fig. 10. Mean crystal size for LDPE/starch blend after exposure to  Many solutions have been proposed for waste manage-
UV-sunlight and UV-sunlight followed by soil burial treatments. ment of LDPE. In the present work the effort was towards
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Fig. 11. SEM micrographs of (A) Untreated (LDPE/starch: 75/25); (B) (LDPE/starch: 85/15) after exposure to soil burial treatment for six months; (C)
(LDPE/starch: 75/25) after exposure to soil burial treatment for six months; (D) (LDPE/starch: 75/25) after exposure to UV-sunlight (60 dagd) follo
by soil burial treatment for six months.
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imparting the biodegradability property to LDPE. This was [8] A.-C. Albertsson, C. Barenstedt, S. Karlsson, Degradation of
achieved by mixing the polymer with natural biodegrad- enhanced enyironmental_ly degra_\dable polyethylene in biological
able materials such as starch followed by creating oxidized ~ 2dueous media: mechanisms during the first stages, J. Appl. Polym.

Sci. 51 (1994) 1097-1105.
groups on the LDPE throuqh the exposure of the p0|y' [9] A.-C. Albertsson, S. Karlsson, The influence of biotic and abiotic

mer blend to UV radiation and/or soil burial treatment. environments on the degradation of polyethylene, Prog. Polym. Sci.
The structural and morphological changes on the treated 15 (1990) 177.

PE with UV-sunlight irradiations and biotic reaction were [10] A.-C. Albertsson, S.0. Andersson, S. Karlsson, The mechanism of
evaluated by using, mechanical testing, SEM, TGA, DSC, biodegradation of polyethylene, Polym. Degrad. Stab. 18 (1987) 73.

. . [11] J. Huang, A.S. Shetty, M. Wang, Biodegradable plastics: a review,
and FTIR. The obtained results indicated that the blend Adv. Polym. Technol. 10 (1990) 23-30.

bio-degradation rate could be enhanced when the blend exq12] p. Bikiaris, J. Aburto, I. Alric, E. Borredon, M. Botev, C. Betchev,
posed to UV-sunlight and followed by soil burial treatment. Mechanical properties and biodegradability of LDPE blends with
It might be concluded that synergistic effect of combin- fatty-acid esters of amylose and starch, J. Appl. Polym. Sci. 71
ing UV-sunlight and soil burial treatments on biodegrada- ___ (1999) 1089-1100.

. . [13] A.-C. Albertsson, C. Barenstedt, S. Karlsson, Degradation of
tion rate of LDPE/starch blend put up this blend as one of enhanced environmentally degradable polyethylene in biological

bio-degradable plastic that could be used in the production aqueous media: mechanisms during the first stages, J. Appl. Polym.

of disposal and packaging plastic products. Sci. 51 (1994) 1097-1105.

[14] R.P. Wool, D. Raghavan, G.C. Wagner, S. Billieux, Biodegradation
dynamics of polymer—starch composites, J. Appl. Polym. Sci. 77
(2000) 1643-1657.

[15] T. Janal, R. Banerjee, S. Maiti, Degradation of polyethylene—starch
blends in soil, J. Appl. Polym. Sci. 42 (1998) 2691-2701.
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