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Influence of Modified Starch on Photostability
and Adsorption Properties of Low Density
Polyethylene Composite

M. Mucha, S. Ludwiczak, and M. Kowalczyk
Faculty of Process and Environmental Engineering, Technical
University of Lodz, Wolczanska Lodz, Poland

Materials used in the research are low density polyethylene (LDPE) pure and in
the composites with glycerin-modified starch (S) of various content.

The aim of the present research was to specify the effect of UV radiation on a stab-
ility of the LDPE=S composite by analyzing FTIR spectra and discussing kinetics
of photolysis.

It was found that the modified starch protected LDPE in the LDPE=S composites
against UV radiation. A decrease of rate constant k of LDPE photodegradation
was reported.

Results of water adsorption measurements of the composites are presented in the
form of water adsorption kinetic curves and adsorption isotherms which were
described well by the GAB model.

Keywords: kinetics of photolysis; LDPE=modified starch composites; photodegrada-
tion; water adsorption isotherms

INTRODUCTION

Polymer composites are an alternative to fully non-biodegradable plas-
tics which constitute durable industrial wastes. Due to combining in
one material the components that are resistant to biodegradation with
easily biodegradable ones, e.g. natural polymers such as starch, cellu-
lose or chitin or products of their modification, a material can be pro-
duced whose structure will be partly decomposed due to the action of
biological agents and removed in the waste disposal environment,
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while its external form will be destroyed permanently [1–3]. It is pro-
posed [4] that the biodegradable component should be present in suf-
ficient amount with exceeded percolation threshold, for starch equal to
about 30% by volume [4]. It is needed for a microbial invasion or enzy-
matic diffusion.

The blending of biodegradable polymer such as starch with inert
polymer as polyethylene has received a considerable attention for
possible applications in waste disposal of polyethylene plastics. Over
the last 30 years, starch-filled polyethylene plastics have been investi-
gated mainly from the point of view of their morphological structure,
mechanical properties and biodegradability by many researchers
[5–12].

Although the incorporation of starch as an additive in synthetic
plastic is highly attractive, the overall degradability of the final com-
posite has been called into question. For example, outdoor weathering
conditions are a multiaction mode of degradation where photooxida-
tion due to the sun radiant energy in the presence of oxygen is very
important. Irradiation treatment generates free radicals causing auto-
oxidation. Some years ago Albertsson et al. [13,14] took into consider-
ation thermo- and photodegradation of filled LDPE by measuring low
molecular volatile products and change of molecular weight. They
found, for example, that the presence of cornstarch in a LDPE=starch
starch composite retarded the thermodegradation of PE.

Materials used in this research are low density polyethylene
composites (LDPE) with glycerin-modified starch (S) of different
composition.

The objective of this study was to compare the susceptibility of pure
LDPE and LDPE mixed with modified starch to photodegradation.
Characterization of the changes in the materials was carried out by
changing of ATR-FTIR spectra.

Water sensitivity of the composites is another important criterion in
many practical applications and biodegradability. The aim of our work
was to get information on time dependence of the water uptake and to
analyze isotherm curves of the water uptake.

EXPERIMENTAL

Materials

The composites in the form of films were obtained by melt extrusion
and pressing of low density polyethylene (Malen E FABS, 23-D022)
with a starch preparation (potato starch plastified with glycerin at

168=[534] M. Mucha et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
4:

14
 0

9 
A

ug
us

t 2
01

2 



the weight ratio 3:1). After drying at T ¼ 100�C the starch was
plastified with glycerin at 120� for 2 h. Mixing LDPE with the modified
S was performed in a laboratory extruder at T ¼ 160�C.

Films about 50mm thick with different content of the starch prep-
aration were obtained (Table 1). Figure 1 shows an example of the
composite morphological structure.

TABLE 1 Tested Samples with Various Weight Fractions of the Components
wf (no units)

Name No. LDPE Starch Glicerin

Polyethylene LDPE 1 1.00 – –
2 0.87 0.10 0.03
3 0.73 0.20 0.07

Composite 4 0.60 0.30 0.10
LDPE=S 5 0.47 0.40 0.13

6 0.40 0.45 0.15
7 0.33 0.50 0.17
8 0.27 0.55 0.18
9 0.20 0.60 0.20

Modified starch 10 – 0.67 0.33

FIGURE 1 A microphotograph of sample No. 5.
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RESEARCH METHODS

Photodegradation

The samples were exposed to UV irradiation in the air, at room tem-
perature at the distance of 4 cm from the radiator in time up to 440 h.
For this purpose a LB-151.1 lamp emitting 90% UV radiation in the
range k ¼ 250–265 nm at radiation intensity Io ¼ 700Lx was used.

FTIR spectra at the 400–4000 cm�1 range were obtained using a
Genesis II device (Mattson) by the reflection method (ATR).

Water Adsorption Study

Prior to adsorption measurement, the PE=modified starch composites
were dried at the temperature 100�C for 60 minutes to constant mass.
Next, they were placed in desiccators with saturated solutions of salts
at different air relative humidity (water activity). From time to time
the samples were withdrawn and their masses were determined on
an analytical balance. The measurements were taken until constant
equilibrium mass me was established. This time was about 4 hours.
Moisture content in the sample X was calculated according to the for-
mula: X ¼ (mt�ms)=ms, where: mt – sample mass changing during
the adsorption process; ms – sample (dry) mass before adsorption.

Adsorption isotherms representing the dependence of equilibrium
moisture content X1 on water activity aw were obtained for composites
with different content of PE.

RESULTS AND DISCUSSION

Photodegradation

Photolysis with UV light generate radicals that often lead to cleavage
of polymer chain. Oxidation also occurs since exposure to light is in the
presence of oxygen. The formation of carbonyl or ester groups is
observed.

The changes in FTIR absorption spectra of LDPE=S films during
photodegradation were observed. The FTIR band intensity represents
the total concentration of various functional groups in a polymer
(Table 2).

The following Figures 2 and 3 show chosen characteristic FTIR
absorption bands in respect to �CH2 groups vibrating at 2848 (sym-
metric stretching), 2915 (asymmetric stretching) and 719, 729 cm�1

(deformational swinging) changing with time of UV radiation due to
destruction of the groups.

170=[536] M. Mucha et al.
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Figure 4 shows intensity of absorbance bands at various wave
numbers 1=k versus time of irradiation t. They are presented for three
chosen samples. Due to polyethylene oxidation an increasing intensity
of absorbance band at 1715 cm�1 and 908 cm�1 (carbonyl group forma-
tion) is observed in Figure 5.

Looking on the drawings in Figures 4 and 5 the induction period of
the PE destruction is clearly seen close to 160 hours. Basing on the
changes of absorbance bands of LDPE functional groups, rate con-
stants of the characteristic processes, leading to a destruction of
methylene groups were determined.

It was assumed that photodegradation of the tested films in respect
to characteristic group destruction proceeded according to the 1st
order reaction [15] according to the following equation.

ln
Ai

A0

� �
¼ �k � t ð1Þ

where Ai=Ao – relative change of intensity of absorbance band, k – rate
constant. The value of k was determined by the approximation of
experimental points in the system lnðAi=AoÞ ¼ fðtÞ, straight line – by
the least squares method.

An example of the dependence of the logarithm of relative intensity
of absorbance bands at 729 and 1471 cm�1 on photodegradation time
taken for samples 1–4 is presented in Figure 6. Calculated rate con-
stants of the first-order reaction are presented in Figure 7 for 3 chosen
bands of the methylene group destruction.

Basing on the results it was found that addition of the modified
starch protects LDPE against UV. With an increase of weight fraction
of the modified starch in the LDPE=S composites, a decrease of rate
constants k of LDPE photolysis (CH2 destruction) is recognized.

Perhaps hydrogen bonded aromatic molecules of the modified
starch can absorb UV photons and convert the photon energy into

TABLE 2 Wave Numbers of Functional Groups for FTIR

No. Wave number t [cm�1] Group

1 2915 Asymetric stretching vibrations of �CH2� group
2 2848 Symetric stretching vibrations of �CH2� group
3 1471,1463 Deformational scission vibration of �CH2�
4 1370 Deformational scission vibration of CH3�(weak)
5 1350–1150 Fanning deformational vibration of �CH3� group (weak)
6 729,719 Swinging deformational vibration of �CH2� group

Influence of Modified Starch on Photostability 171=[537]
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FIGURE 2 FTIR absorbance band at 2848 cm�1 and 2915 cm�1 changing with
time of photodegradation: a) sample No. 1, b) sample No. 2, c) sample No 5.
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FIGURE 3 FTIR absorbance band at 719 cm�1 and 729 cm�1 changing with
time of photodegradation: a) sample No. 1, b) sample No. 2, c) sample No. 5.
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FIGURE 4 Intensity of the characteristic absorbance bands changing with
time of photodegradation: a) sample No. 1, b) sample No. 2, c) sample No. 5.
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FIGURE 5 Intensity of absorbance bands of carbonyl at 1715 cm�1 and vinyl
at 908 cm�1 groups versus time of photodegradation: a) sample No. 1, b) sample
No. 2, c) sample No. 5.
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vibrational energy without undergoing destructive photochemical
reactions in starch and polyethylene. The interesting concept of
hydrogen band protection of living matter against UV irradiation
was presented elsewhere [16].

FIGURE 6 Dependence of the logarithm of relative absorbance intensity of
samples No. 1–4 on photodegradation time: a) at 729 cm�1 b) at 1471 cm�1

(CH2 scissoring peak).
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FIGURE 7 Rate constants k[1=h] of LDPE photodegradation vs. polyethylene
weight fraction wfPE in the composites: a) at 2848 cm�1, b) at 1463 cm�1, c) at
719 cm�1.
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Water Adsorption

Starch-based materials are hydrophilic and they tend to absorb water
molecules because the hydroxyl group in starch can form a hydrogen
bond with water. Influence of the PE type on water absorption of
PE=starch was shown in paper [17]. It was stated that the water
absorption rate was lower in LDPE=starch blends than in HDPE=
starch blends.

In the presented study the influence of polyethylene content on
adsorption properties of the LDPE=S composite is determined. Our
results on water uptake are presented in the form of water adsorption
kinetic curves and adsorption isotherms.

Kinetic curves of water adsorption at aw ¼ 0.765 obtained for
LDPE=S composites with various PE contents are shown in
Figure 8a. Figure 8b shows the curves obtained for sample 4 at differ-
ent water activities aw.

The analysis of water adsorption results shows that the amount of
water adsorbed by the composites depends on water activity and is
directly proportional to the weight fraction of hydrophilic modified
starch.

Based on the analysis of experimental curves of adsorption kinetics,
effective diffusion coefficient D was determined using the second
Fick’s law for unidirectional diffusion (2):

@C

@t
¼ D

@2C

@x2
ð2Þ

where C – concentration, D – effective diffusion coefficient, t – time,
x – distance

In the case of the initial stage of water diffusion, a simplified
formula (3) can be assumed:

X

X1
¼ 4

L

Dt

p

� �1=2

ð3Þ

where L – sample thickness, t – time, X – moisture concentration in
the sample in time t, X1 – maximum moisture content absorbed by
the sample.

Basing on the relation: X=X1 ¼ f(t)1=2, effective diffusion coeffi-
cients were determined for the composites and their values were
drawn as a function of polyethylene weight fraction wfPE and water
activity aw (Fig. 9).

In the literature [18–20] there are many relations for a mathemat-
ical description of water adsorption isotherms by biological materials.

178=[544] M. Mucha et al.
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FIGURE 8 Kinetic curves of water adsorption (moisture content X versus
time t) for LDPE=S composites: a) of various polyethylene contents (sample
1–7), b) of sample 4 at various water activities aw.
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The GAB model presented in Eq. (4) is used most often:

X

Xm
¼ C � K � aw

ð1�K � awÞ � ½1þ ðC� 1Þ � K � aw�
ð4Þ

FIGURE 9 Dependence of effective diffusion coefficient D on: a) weight
fraction wfPE of polyethylene b) water activity aw (samples No. 2–8).
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where X – moisture content in the sample; Xm – moisture content in
the monomolecular layer; aw ¼ p=ps – water activity defined as the
ratio of water pressure (p) to pressure over the tested sample (ps) (rela-
tive humidity); K ¼ ed=RT – parameter in the equation; d – energy
needed to transport water to the inside of a multiparticle absorbent
layer; C – parameter in the GAB equation related to the heat of
adsorption; T – process temperature; R – gas constant.

The GAB equation is well applicable in the water activity range
from 0.1 to 0.9. In the tested case the values of parameters K, Xm

and C were determined.
Figure 10 shows water adsorption isotherms of the composites

(points) along with isotherms describing them according to the GAB
model (solid lines – Eq. (4)).

Parameters of the GAB equation (Xm;C;K) were determined by the
iteration method in the Origin 7.0 program and presented in Figure 11
depending on the weight fraction of polyethylene-wfPE.

FIGURE 10 Water adsorption isotherms for LDPE=S composite (samples
No. 2–7 and 10); points – experimental data, lines – GAB equation.
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FIGURE 11 Dependence of C (a), K (b) and Xm (c) parameters (in the GAB
equation) on polyethylene content in the composite wfPE.
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The analysis of the determined parameters in the GAB equation
shows that parameter K changes a little and it ranges from 0.71 to
0.88. Both parameter C responsible for the heat of adsorption and
parameter Xm which determined moisture content in the monomolecu-
lar layer, increase with the fraction of modified starch in the composite
(a decrease of wfPE).

The experimental data are well described by fitted curves obtained
from GAB equation (4). The GAB equation can be easily applied in
other polymeric systems [21].

CONCLUSIONS

. Pure starch is reported [22] to be sensitive to UV-light. However, no
morphological change in the starch was noticed for LDPE=glycerin-
modified starch samples up to 480 h of irradiation.

. Pure LDPE is less resistant to UV irradiation with the wavelength k
close to 257 nm than the polymer in the LDPE=s composites. The
induction time of photolysis of LDPE and composites was observed
as t ¼ 160 h.

. With an increase of modified starch content in the LDPE=S com-
posite, a decrease of the analyzed kinetic constants k of LDPE
photodegradation was observed. Addition of modified starch seems
to have a protective action to LDPE in the LDPE=S composite.

. LDPE in the composite is also oxidized during photolysis in air. The
band absorbance of carbonyl group >C=O appears and its intensity
increases with time of photolysis.

. The LDPE=S composites have shown a controlled water uptake
dependent on the starch content.

. Effective coefficients of water diffusion D decrease non-linearly with
an increase of PE content.

. Water adsorption isotherms are well described by the GAB equation.
Parameters of the equation C and Xm decrease linearly in the tested
range of wfPE growth.
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