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a b s t r a c t

A peroxide-initiated melt compounding technique was used to graft and crosslink the high density
polyethylene/chitosan blend using vinyl triethoxysilane. Different percentage of chitosan (up to max-
imum of 35%) was added in HDPE/chitosan blends. The physical and functional properties of the
crosslinked HDPE/chitosan blends were investigated and compared with its non-crosslinked congener.
eywords:
hitosan
DPE
heology
ilane
rosslinking

IR spectrum of crosslinked blend confirmed the presence of Si–O–Si and Si–O–C absorption peaks at
1020 cm−1 and 1105 cm−1. Increased gel content was obtained with increasing chitosan loading whereas
percentage crystallinity was decreased. Rheological study of crosslinked blends showed linear viscoelastic
behavior with high complex viscosity and dynamic shear storage modulus. Tensile strength of crosslinked
HDPE was 9.3 MPa and it was increased by threefold to 27.4 MPa in crosslinked HDPE/chitosan blends
containing 35% chitosan contents. Similarly lower deformation was observed in crosslinked blends under
static load. Scanning electron microscopy revealed good adhesion between matrix–filler interphase.
. Introduction

Polyolefins have many applications in our daily life and their
onsumption is continuously increasing. These materials are exten-
ively used in high volume for short term applications such as
ackaging film, healthcare, construction, automobile, agricultural,
tc. and are disposed off at dump sites as waste. These polymers
re very resistant to degradation and their complete degradation
akes several years and the environment suffers long term pollution
Orhan, Hrenovic, & Buyukgungor, 2004). Recycling of polymeric
aste is a better solution for this problem but it is very costly.
oreover, the recycled products have poor qualities (Tzankova &

amantia, 1999). Major research is going on to make these material
egradable and environment friendly.

Many synthetic biodegradable polymers such as polylactic acid
Constance, Chu, & Monosov, 1995) and polycaprolactone (Maria,

ariola, & Helena, 1998) were developed and commercialized but
hey were very expensive with limited shelf life. Alternatively,

olymer blends and composites containing natural polymers as
iodegradable additives (such as starch, cellulose and their deriva-
ives) were developed (Alain & Sylvie, 2008; Jung & Junseok,
009; Otey, Westhoff, & Doane, 1980; Tae & Hiroshi, 1980). These

∗ Corresponding author. Tel.: +92 51 2207380–82; fax: +92 51 2208070.
E-mail address: yasintariq@yahoo.com (T. Yasin).
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composites are easily extrudable and commercialized. The major
disadvantage of incorporating natural polymer into synthetic poly-
mer is their compatibility. Natural polymers are hydrophilic while
synthetic polymers are hydrophobic in nature. The resultant blend
of these two types of polymers is almost immiscible. The poor
interaction between matrix and filler interphase causes weaker
mechanical properties (Magnus, Paul, & Kristiina, 2005). In order
to improve interaction, modification of both the polymer and addi-
tives has been made (Araujo, Waldman, & De Paoli, 2008; Girones et
al., 2007; Hongdian, Yuan, Ming, Zuyao, & Weicheng, 2006; Valenza,
Visco, & Acierno, 2002).

In this work, effort has been made to develop a polyolefin
blend containing natural polymer with improved mechanical prop-
erties. A film grade high density polyethylene (HDPE) has been
selected and blended with chitosan which is a natural polymer and
it gives two advantages. It acts as a biodegradable additive and gives
antimicrobial properties to the blend (Zivanovic, Li, Davidson, & Kit,
2007). It has been reported in literature that highly deacetylated
chitosan is more antimicrobial than acetylated chitosan (Sekiguchi,
1994). In fact it is the amino group which controls the antimicro-
bial activity of the chitosan. Vinyl triethyoxysilane (VTES) has been

selected as a crosslinking agent because it has good binding ability
both for HDPE and chitosan. Different weight percentage of HDPE
and chitosan were used to prepare blends. The thermal, mechan-
ical, rheological and morphological properties of the blends were
investigated and compared with its non-crosslinked congener.

dx.doi.org/10.1016/j.carbpol.2010.07.069
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
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. Experimental

.1. Materials

HDPE with melt flow index of 2.2 g/10 min (190 ◦C/2.16 kg)
as purchased from Sigma–Aldrich Australia. Chitosan (from crab

hells, ≥75% deacetylated), vinyl triethoxysilane (VTES), dicumyl
eroxide (DCP), dibutyltin dilaurate (DBTDL) and stearic acid were
lso supplied by Sigma–Aldrich Australia. All the chemicals were
sed without further purification.

.2. Sample preparation

The chitosan was dried in vacuum oven for 24 h at 80 ◦C. The
oisture content of chitosan was measured using Sartorius mois-

ure analyzer. The moisture content before and after drying the
hitosan was 13.7% and 3.1% respectively. After drying, the chi-
osan was cryogrinded into fine powder using Cryo-grinder (8650
reeze/Mill). The particle’s size distribution of chitosan was then
etermined by Malvern Instrument (Mastersizer 2000) using water
s dispersant.

A series of HDPE/chitosan blends with weight ratio of 100/0,
5/15, 75/25, 70/30, 65/35 were prepared using Brabender inter-
al mixer at 170 ◦C with rotor speed of 40 rpm. For crosslinked
lends, following steps were taken. In all crosslinked formula-
ions, fixed amounts of DCP (0.15 phr, part per hundred parts
f resin) and DBTDL (0.05 phr) were dissolved in dry acetone
nd were sprayed over HDPE pellets. In order to remove ace-
one the HDPE pellets were dried at 60 ◦C in oven for 5 min.
he DCP coated HDPE pellets were mixed with chitosan and
tearic acid (0.3 phr) in internal mixer for 3 min at (T = 130 ◦C,
otor speed = 33 rpm). Fixed amount of VTES (2.8 phr) was grad-
ally added to the mixture during melting stage. For the next
min, the temperature and the rotor speed were fixed at 170 ◦C
nd 40 rpm respectively. Finally, the blended material was heat
ressed into sheets at 170 ◦C under 50 kN load. The prepared
heets were crosslinked in hot water at 90 ± 1 ◦C for 20 h. After
rosslinking, the sheets were dried in vacuum oven for 16 h at
0 ◦C.

.3. Structural analysis

The structure analysis of the blends was examined by Fourier
ransform infrared spectroscopy (FTIR). The IR spectra of the
lms were recorded by FTIR spectrophotometer (Thermo Electron
orporation, Nicolet 6700) using attenuated total reflection tech-
ique. The spectrum was scanned from 4000 cm−1 to 500 cm−1

t the resolution of 6 cm−1. An average of 32 scans was
ecorded.

.4. Gel content

The gel contents of the prepared samples were determined
ccording to ASTM 2765. The samples were crushed into fine pieces,
laced into copper cloth and weighed. Extraction was carried out
ith p-xylene for 15 h in Soxhlet extractor. The extracted spec-

mens were washed with acetone and then dried to a constant
eight under vacuum. The gel contents of the specimens were

alculated using the following equation.
Gel content (%)

= weight after extraction
weight of original specimen − weight of chitosan

× 100
mers 83 (2011) 414–421 415

2.5. Thermogravimetric analysis

The thermal stability of the samples was studied by using ther-
mogravimetric analysis. These experiments were performed on
a Mettler Toledo (TGA/DSC star system), under nitrogen flow of
50 mL/min. Approximately 8–10 mg of sample was placed in the
alumina pan at a heating rate of 10 ◦C/min from room temperature
to 550 ◦C.

2.6. Differential scanning calorimetry

Differential scanning calorimetry (DSC) of the blended material
was performed using DSC Q2000 instrument. The samples were cut
into small pieces and ∼5 mg of each sample was used for analysis.
To remove the thermal history, the sample was heated from 25 ◦C
to 180 ◦C and cooled to −50 ◦C and then reheated up to 180 ◦C at a
heating rate of 10 ◦C/min under nitrogen atmosphere.

2.7. Rheological analysis

The time and temperature dependent storage modulus (G′),
loss modulus (G′′) and complex viscosity (�*) were determined by
Advance Rheometric Expansion System (ARES) using parallel plate
geometry having plate diameter of 25 mm. The specimens from the
compression molded sheets were cut according to the diameter of
the plate. The experiment was performed at 150 ◦C over the fre-
quency range of 0.05–100 rad/s. The gap between the plates was
automatically adjusted by the instrument.

2.8. Tensile properties

The tensile properties were determined using an Instron tensile
tester (model 5543). The instrument was operated at a crosshead
speed of 50 mm min−1 using 5-kN static load cell. The specimens
were cut into dumb bell shape (Dimension; Type 4, Standard; ISO
37:1994) from a 1-mm thick compression molded sheet. Five spec-
imens from each sample were tested.

2.9. Creep test

The creep experiments were performed using DMTA IV
(Rheometric Scientific). The instrument was operated in ten-
sile mode at 60 ◦C. The dimensions of the specimens were
1.4 mm × 6 mm × 25 mm. The constant static stress of 2 MPa was
applied for 5 h. Five specimens from each sample were tested.

2.10. Morphological analysis

Scanning electron microscope (Jeol, JSM, 6400F) was used to
study the morphology of the prepared samples. Specimens were
dried overnight in vacuum oven and then freeze fractured. Carbon
fibers were used to coat the fractured surfaces. The instrument was
operated at 10–15 kV. Energy dispersive spectroscopy (EDS) was
used to determine the elemental composition of the specimens.

3. Results and discussion

3.1. Mechanism of silane crosslinking

A series of crosslinked HDPE/chitosan blends were prepared by
melt compounding technique and crosslinked with VTES in the

presence of dicumyl peroxide. The proposed mechanism of vari-
ous reactions that occur during processing and silane crosslinking
is shown in Scheme 1 [i (a–d)]. DCP dissociates into peroxy radicals
at higher temperature and these radicals attack on polyethylene
and chitosan chains. This reaction generates free radicals on the
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Scheme 1. (i) Reaction during processing, generation of free radicals from DCP (a), abstraction of hydrogen from polymer chain (b), crosslinking (c) and grafting reactions
(d). (ii) Reaction during crosslinking, hydrolysis (a), self-condensation of silanol groups (b), condensation of silanol with hydroxyl group (c) and with amino group of chitosan
(d).
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Table 1
DSC and gel content analysis of HDPE/chitosan blends.a.

Sample Tm (◦C) �Hf (J/g) Tc (◦C) �Hc (J/g) Xc (%) Gel content (%)

HP 130.3 184.1 117.2 259 63.4 –
HP15 129.8 154.5 116.8 243 53.2 –
HP25 129.7 143.5 116.6 230 49.4 –
HP30 129.6 133.3 116.6 206 45.9 –
HP35 129.6 131.1 116.5 201 45.2 –
XHP 129.8 179.1 116.6 257 61.7 9.2
XHP15 129.4 149.7 116.5 221 51.6 12.7
XHP25 128.9 139.2 116.4 203 48.0 21.0
XHP30 129.3 125.3 116.4 200 43.2 28.1
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XHP35 129.0 114.1 116

a Prefix ‘X’ is used for crosslinked HDPE/chitosan blends.

olymer chains. An attack by the peroxy radicals on the double
ond of the VTES was responsible for the grafting of VTES on poly-
er backbone. Radical induced crosslinking of blended materials

as also occurred during processing. Silane crosslinking with vari-
us condensable groups were carried out in hot water as shown in
cheme 1 [ii (a–d)]. The first step during crosslinking was hydrolysis
f silanol groups. The second step involved a number of reactions
uch as self-condensation of silanol groups and condensation reac-
ions of silanol with hydroxyl and amino groups of chitosan (Nadia,
ariq, & Zareen, 2008). The presence of these reactions was con-
rmed by FTIR.

.2. Particle size distribution

The particle size, distribution and dispersion of chitosan in the
lend are important factors that affect the mechanical properties.
he particle size distribution varied from 0.02 �m to 2000 �m. The
ean percentage of particle size was found to be in the range of

41 �m. The particle size greater than 20 �m and less than 100 �m
ontributes 10% by volume while the particle size greater than
000 �m contributes only 16% by volume.

.3. Structural analysis
FTIR spectra of HP, HP25 and XHP25 are shown in Fig. 1. The
mportant peaks of chitosan were present both in spectrum (b)
nd (c). The absorption peaks of chitosan at 1577 cm−1, 1612 cm−1,
nd 3284 cm−1 were assigned to N–H, C–O and O–H groups of
hitosan respectively. In spectrum (c) the characteristic absorp-

Fig. 1. IR spectra of HP (a), HP25 (b) and XHP25 (c).
191 39.3 40.0

tion band of polysiloxane (Si–O–Si) appeared at 1020 cm−1 and
1045 cm−1 (Hernandez, Rojas, Garcia, Canseco, & Castano, 2003;
Magnus & Kristiina, 2006; Zhengzhou, Yuan, Zhou, & Ruowen,
2003). The peak at 1105 cm−1 was assigned to Si–O–C which was
attributed to the covalent bonding between polymer and silane
(Zakirov, Khabibullaev, & Chi, 2009). This absorption peak provided
strong evidence about the crosslinking reaction. Additionally some
peaks corresponded to (Si–O–Si) symmetric vibration were also
observed at 805 cm−1 (Hernandez et al., 2003; Magnus & Kristiina,
2006). These peaks were absent in the spectrum of HDPE and non-
crosslinked HP25.

3.4. Gel content

The gel contents of crosslinked samples are shown in Table 1.
This table shows that the lowest gel content was observed for XHP
and its quantity increased as the amount of chitosan increased in
the blend. The maximum value of 40% gel content was observed
for XHP35. The increasing tendency of gel content with increasing
amount of chitosan was associated to the crosslinking reaction of
silanol groups with hydroxyl and amino functionality of chitosan
as shown in Scheme 1 [ii (c and d)]. At higher chitosan loading the
probability of these reactions increased. Thus gel contents of these
blends were found to be directly proportional to the amount of
chitosan.
3.5. Thermogravimetric analysis

Fig. 2 shows weight loss of blended material against temper-
ature. The virgin sample showed single stage degradation in the

Fig. 2. TGA curves of HP (a), XHP (b), HP35 (c) and XHP35 (d).
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Fig. 3. Dynamic shear moduli (G′ and G′′) of non-crosslinked blends (a), crosslin

ange of 420–500 ◦C corresponding to the decomposition of PE
atrix, whereas crosslinking of HDPE with silane (XHP) resulted

n higher thermal stability. The thermograms of non-crosslinked
DPE/chitosan blend showed two stages of degradation. The first

tage ranging from 260 ◦C to 420 ◦C was due to thermal degradation
f chitosan. In this stage, degradation of chitosan took place which
nvolved dehydration, ring scission and decomposition reactions
Nadia et al., 2008). The second stage (420–500 ◦C) was attributed
o the decomposition of PE matrix as observed in case of HP. The
rosslinked HDPE/chitosan blends showed three stages in thermo-
ram. The first stage ranging from 90 ◦C to 160 ◦C was due to water
vaporation because the composites were crosslinked in hot water.
he absence of first stage in non-crosslinked samples was mainly
ecause these samples were not placed in hot water and the used
hitosan was completely dried. The second and third stages were
imilar to non-crosslinked HDPE/chitosan blend.

It was also noted that increasing percentage of chitosan in
DPE/chitosan blends gave higher percentage of residue. The

esidue of HP35 was 14% while that of HP30 was 12%. Similar behav-
or was also observed for crosslinked formulations. The percentage
f residue of crosslinked samples was higher than non-crosslinked
ormulations i.e. HP has 3% residue while XHP has 6%. DTA
hermogram showed similar degradation pattern as that of TGA
urves.
.6. Differential scanning calorimetry

Table 1 presents melting temperature (Tm), crystallization tem-
erature (Tc), heat of crystallization (�Hc), heat of fusion (�Hf) and
ends (b) and complex viscosities of non-crosslinked and crosslinked blends (c).

the percentage crystallinity (Xc) of the samples. The crystallinity of
silane crosslinked formulations was determined by the following
equation:

Xc = �Hf

�Hf◦
× 100

where �Hf is the observed heat of fusion of the sample and �Hf◦
is the heat of fusion of 100% crystalline HDPE and was taken to be
290 J/g (Sirisin & Meksawat, 2004). The virgin HP has Tm 130.3 ◦C
with Xc 63.4% whereas XHP has Tm 128.8 ◦C with Xc 61.7%. A small
difference among the values of Tm and Tc was observed in both non-
crosslinked and crosslinked blends but the percentage crystallinity
was greatly affected by the incorporation of chitosan. It shows
that chitosan inhibits the close packing of the PE chains. The Xc

of HP15 and HP35 were 53.2% and 45.2% while those of XHP15 and
XHP35 were 51.6 and 39.3%. The lower crystallinity of crosslinked
formulations over non-crosslinked formulations was due to the for-
mation of network structure (Jiao, Wang, Liang, & Hu, 2005). The
network structure reduced the chain flexibility which lowered the
peak crystallization temperature and consequently reduced crys-
tallinity. Similar trend has been reported for in thermoplastic wood
composite (Magnus & Kristiina, 2006).

3.7. Rheological analysis
Melt rheology of thermoplastic blends is vital to understand the
structural property relationship and their processibility. The pres-
ence of stable viscoelastic region was confirmed by time and strain
sweep experiment before the frequency sweep. The results show
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Table 2
Tensile properties of non-crosslinked and crosslinked blends.

Sample TS (MPa) Eb (%) Sample TS (MPa) Eb (%)
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tured surfaces of HP35 and XHP35 formulations. Micrographs of
the non-crosslinked blend show clear chitosan particles, which
were loosely embedded in polyethylene matrix. Various gaps were
observed between the HDPE and chitosan interphase. This shows
HP 8.1 ± 1.0 403.3 ± 9.2
HP15 7.6 ± 1.3 18.1 ± 1.0
HP30 5.7 ± 0.7 8.0 ± 0.5
HP35 5.6 ± 0.5 7.3 ± 0.5

hat both the non-crosslinked and the crosslinked samples were
ithin the linear viscoelastic region.

Fig. 3a and b shows the dynamic shear moduli of non-
rosslinked and crosslinked formulations at 150 ◦C and the complex
iscosities (�*) of these formulations are shown in Fig. 3c. It can
e seen from Fig. 3 that both the composition and crosslinking in
he blend affected the values of G′, G′′ and �*. These variation in G′

nd G′′ corresponded to energy change occurring during dynamic
hear process and are strongly dependent on interaction between
olymers interphase in the blend (Rhon, 1995).

An increase in G′ and G′′ values with increase in frequency was
bserved for both non-crosslinked and crosslinked formulations.
his is due to the fact that at low frequency, time is large enough to
nfold the chains and they relax slowly. This high relaxation tends
o reduce the G′ and G′′ values. However when polymer chains were
eformed at higher frequency, the entangled chain had less time for
e-orientation which increased the moduli. Similar behavior was
lso reported for the compatibilized low density polyethylene and
thylene octane copolymer blend (Baghaei et al., 2009).

Fig. 3a also revealed that in case of non-crosslinked formula-
ion the G′′ curves were well above the G′ curves. This shows that
hitosan has a poor interaction with HDPE and the components
ere weakly associated with each other. As chitosan is hydrophilic

nd polyethylene is hydrophobic in nature, therefore, the resul-
ant blend of these two components was immiscible. It was also
bserved that G′′ values of non-crosslinked formulations increased
inearly with increasing percentage of chitosan.

In Fig. 3b, the crosslinked blend shows opposite behavior to that
f non-crosslinked blend i.e. the G′ curves were higher than G′′.
his showed that a strong interaction was developed between the
olymers interphase by VTES. The silane forms a network structure
etween the HDPE–chitosan interphase which enhances the elastic
roperties of these materials.

Fig. 3c depicts complex viscosities of non-crosslinked and
rosslinked formulations. This figure shows that complex viscosity
�*) increased with increasing chitosan amount in the blend and
ecreased with increasing frequency. This was due to the strong
hear thinning behavior of the blend at molten state (Baghaei
t al., 2009). The silane crosslinked formulations have higher �*
han non-crosslinking formulations. This behavior might be due to
he formation of network structure formed by VTES which causes
reater resistance under shear flow. Besides this, the amount of chi-
osan loading also increased the �* of both types of formulations. In
on-crosslinked formulations, greater amount of chitosan loading
ill cause greater entanglement of the chains and thus gradually

ncreases the �*.

.8. Tensile properties

The tensile properties of HDPE/chitosan blends are shown
n Table 2. This table illustrates that the tensile strength (TS)
f crosslinked samples was much higher than non-crosslinked

amples. The TS showed direct relationship with gel content of
rosslinked blends. The TS of virgin HP was 8 MPa and it increased
y 16% to 9.31 MPa in XHP. Similarly the XHP15 (14.4 MPa) showed
wofold enhancement as compared to HP15 (7.6 MPa). The max-
mum TS was observed for XHP35 (27.4 MPa) which was 5 times
XHP 9.3 ± 0.5 336.9 ± 7.3
XHP15 14.4 ± 1.5 21.4 ± 2.5
XHP30 25.7 ± 1.7 9.3 ± 1.3
XHP35 27.4 ± 2.9 7.3 ± 1.8

higher than HP35 (5.6 MPa). The increasing trend in tensile prop-
erties was attributed to the strong interaction developed between
the polymer interphase. Both the non-crosslinked and crosslinked
samples showed poor elongation properties but the effect was more
pronounced in the non-crosslinked formulations. The maximum
value of percentage elongation (Eb) was seen in XHP15 which was
21% whereas HP15 showed 18%. The Eb values decreased with
increased chitosan amount in the blend and lowest Eb values were
observed in HP35 and XHP35. Similar behavior was observed by
other authors in similar system (Balsuriya, Ye, Yiu, & Wu, 2005;
Byung & Soo, 2001).

3.9. Creep test

Creep study was carried out by using dynamic mechanical
thermal analyzer and the results are shown in Fig. 4. In this
figure highest deformation was observed for neat HP as com-
pared to XHP. The addition of chitosan in HDPE lowered the
deformation and it decreased further with increasing amount of
chitosan in HDPE/chitosan blends. The non-crosslinked blends
showed greater deformation as compared to their corresponding
crosslinked blends. The XHP35 showed less deformation than HP35.
The lower deformation in the crosslinked blends was associated to
silane crosslinking which holds the macromolecular chain firmly
whereas in non-crosslinked samples, the molecular chain moved
freely and the hydrophobic–hydrophilic repulsion of HDPE and chi-
tosan further facilitated this phenomenon.

3.10. SEM analysis

Fig. 5a and b shows scanning electron micrograph’s of the frac-
Fig. 4. Creep analysis of non-crosslinked samples [HP (a), HP15 (b), HP25 (c), HP35
(d)] and crosslinked samples [XHP (e), XHP15 (f), XHP25 (g) and XHP35 (h)].
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ig. 5. Scanning electron micrograph of non-crosslinked blend HP35 (a), scanning
lend XHP35 (c) and EDS spectrum of the crosslinked blend XHP35 (d).

oor adhesion between HDPE and chitosan. This was the main
ause of lower mechanical properties of these blends. Whereas
rosslinked blend (XHP35) showed better adhesion between chi-
osan and HDPE. As VTES improves the miscibility of HDPE and
hitosan, consequently HDPE seems to adhere the chitosan particle
ery well.

Fig. 5c and d show elemental analysis results of XHP35 obtained
y EDS technique. In Fig. 5a the marked region of chitosan particles
howed some characteristic elemental peaks. The presence of sil-
con peak gives evidence about the crosslinking reaction between
hitosan and polyethylene matrix. Some peaks corresponding to
odium, calcium and aluminum were also obtained which might
e due to the remains of impurities and/or catalyst etc. present in
he polymer resin.

. Conclusions

HDPE/chitosan blends were prepared by a peroxide-initiated
elt compounding technique and VTES was used as crosslinker.
he crosslinked blends showed distinct absorption peaks of Si–O–C
nd Si–O–Si at 1105 cm−1 and 1020 cm−1 which confirmed the
rosslinking reaction. The degree of crosslinking was found to
e directly proportional to the amount of chitosan at fixed VTES
mount. Thermogravimetric analysis of the non-crosslinked and
on micrograph of crosslinked blend XHP35 (b), EDS micrograph of the crosslinked

crosslinked HDPE/chitosan blends showed two and three stage
degradation behavior respectively. It was also noted that increas-
ing percentage of chitosan in the blends gave higher percentage
of residue. Differential scanning calorimetry showed decreasing
trend of percentage crystallinity and peak melting temperature
with increasing amount of chitosan which was associated to the
formation of network structure and the disorder of close pack-
ing of polyethylene chains. The minimum percentage crystallinity
was observed for XHP35. Dynamic melt rheological behaviour
of the blends was within linear viscoelastic region. The com-
plex viscosity and dynamic shear storage modulus (G′) of the
crosslinked samples were well above the non-crosslinked sam-
ples which showed a strong interaction between the matrix–filler
interphase and the elastic nature of the crosslinked blend.
High tensile strength was observed for the crosslinked sam-
ples and increases with increasing amount of chitosan in the
blend. Tensile strength of crosslinked HDPE/chitosan blends con-
taining 35% chitosan contents was 27.4 MPa which was three
time higher than the XHP. Results of creep experiment indi-

cated small deformation in crosslinked blends which showed that
silane crosslinking effectively linked the two immiscible compo-
nents. Similarly scanning electron microscopy also confirmed good
compatibility and strong adhesion between HDPE and chitosan
interphase.
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