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Abstract Tensile properties and thermal characteristics of blends made from linear
low-density polyethylene (LLDPE) and polyvinyl alcohol (PVA) have been
investigated. 3-(Trimethoxysilyl)propyl methacrylate (Si A174) was used as a
coupling agent. The blends were melted and mixed using a Haake Rheomix at
150 °C and 50 rpm for 10 min. Results show that the incorporation of Si A174
resulted in the increase of the tensile strength and Young’s modulus but decrease in
the elongation at break of the LLDPE/PVA blends. The crosslinked formation
between LLDPE, PVA, and Si A174 was confirmed by decrease of melting tem-
perature and degree of crystallinity as demonstrated by differential scanning
calorimetry study.
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1 Introduction

In situ silane crosslinking technology in polyethylene has offered several advan-
tages over chemical treatment and radiation methods. This technique has been used
extensively as the insulation compounds on the electrical cable system ranging from
underground to Aerial Bundle Cable network (Celina and George 1995). The
improvement in properties of silane crosslinked polyethylene included process
operation and production, mechanical properties, degradation stability, and resis-
tance to creep.

The treatment of filler or polymer by silane coupling agent has been reviewed by
different authors (Bengtsson and Oksman 2006; Prachaywarakorn et al. 2008). It is
observed that, in general, the silane crosslink polyethylene consists of at least two
stages. The first stage is grafted silane via its vinyl groups on polyethylene through
radical reaction. The second stage is silane crosslinking reaction of resultant
copolymer via the exposure to hot water with the presence of catalyst through
hydrolysis and condensation reaction.

In our previous work (Ismail et al. 2009, 2010), we have reported the tensile and
thermal properties of linear low-density polyethylene/poly(vinyl alcohol) (LLDPE/
PVA) blends. Results indicated that in situ incorporation ofmaleic acid inLLDPE/PVA
blends showed increases in the tensile strength and Young’s modulus but slightly
decreases the elongation at break. In this work, 3-methacryloxypropyltrimethoxysilane
was used to crosslink linear low-density polyethylene/poly(vinyl alcohol) blends while
the polymers in the molten state. It is expected that formation of crosslinked network
will be reflected on the tensile and thermal properties.

2 Materials and Methods

2.1 Materials

Poly(vinyl alcohol) with average molecular weight of 89,000–98,000 and 99+%
hydrolyzed, 3-(trimethoxysilyl)propyl methacrylate (Si A174), and dicumyl per-
oxide (DCP) was obtained from Sigma-Aldrich (Malaysia) Sdn. Bhd. Linear
low-density polyethylene (LLDPE) with melt mass flow rate (MFR) (190 °C/
2.16 kg) 1.0 g/10 min and melting temperature of 123 °C was obtained from
Polyethylene (Malaysia) Sdn. Bhd.

2.2 Mixing Procedure

The formulation of LLDPE/PVA blends with and without Si A174 is shown in
Table 1. The preparation of blends was carried out in a Haake Rheomix Polydrive
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at temperature 150 °C and rotor speed of 50 rpm for about 10 min. The blends
were mixed according to mixing sequence as shown in Table 2.

Sample of blends was compression molded in an electrically heated hydraulic
press. Hot-press procedures involved preheating at 150 °C for 4 min followed by
compressing for 4 min at the same temperature and subsequent cooling under
pressure for 3 min.

2.3 Measurement of Tensile Properties

Tensile test was carried out according to ASTM D 638 using Instron 3366.
A crosshead speed of 50 mm/min was used, and the test was performed at 25 °C.
Tensile strength, Young’s modulus, and elongation at break were evaluated from
the stress–strain data.

2.4 Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) measurements of blends were carried out
by using Perkin Elmer Pyris 1 DSC under nitrogen atmosphere. Each blend was
first heated from 30 to 170 °C at heating rate 10 °C/min, annealed for 5 min at
170 °C, cooled from 170 to −50 °C at cooling rate 10 °C/min, and rescanned from
−50 to 300 °C at heating rate 10 °C/min (second scan). The blend weight was
10 ± 0.5 mg. Thermal properties such as melting temperature (Tm), crystallization
temperature (Tc), and heat of fusion (ΔH) were determined from DSC thermograms.

Table 1 Formulation used in LLDPE/PVA blends

Blends (php/php) Control blends Blends with Si A174

LLDPE 90 80 60 50 40 90 80 60 50 40

PVA 10 20 40 50 60 10 20 40 50 60

Si A174 – – – – – 3 3 3 3 3

DCP – – – – – 0.1 0.1 0.1 0.1 0.1

Table 2 Mixing sequences of components in preparation of the blends

Control blends Blends with Si A174

Time (min) Operation

0 Rotor started and loading of LLDPE Rotor started and loading of LLDPE

2 PVA PVA, Si A174, DCP

10 Dump
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3 Results and Discussion

3.1 Tensile Properties

Figure 1a, b shows the effect of PVA content on the tensile properties of LLDPE/
PVA blends with and without Si A174. It is clear that the tensile strength and
elongation at break of LLDPE/PVA blends without Si A174 decrease steadily with
increasing PVA content, whereas Young’s modulus (Fig. 2) shows the opposite
trend. This is due to the poor interfacial adhesion between two opposite polarity
polymers and resulted in poor stress transfer between matrix and the dispersed
phase. It is believed that PVA forms agglomerates due to strong intramolecular
hydrogen bonds between the hydroxyl groups which resulted in poor dispersion and
adhesion in the LLDPE particularly at higher PVA content (Ismail et al. 2009,
2010). But as Si A174 were added into LLDPE/PVA blends, the tensile strength
and Young’s modulus of the blends increase with increasing PVA content, while

Fig. 1 Effect of PVA content on the a tensile strength, b elongation at break of the LLDPE/PVA
blends with and without silane coupling agent (Si A174)
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the elongation at break shows the opposite trend. This is due to the ability of Si
A174 to improve compatibility between the PVA and LLDPE through crosslink
reaction. Figures 3 and 4 show the proposed reaction occurred between LLDPE and
PVA with the presence of Si A174.

3.2 Thermal Properties

The crystallinity (Xc), melting endotherms, melt crystallization temperatures (Tc),
and the melting peak temperatures of the blends from DSC analysis are summarized

Fig. 2 Relationship of variation of PVA content on Young’s modulus of the LLDPE/PVA blends
with and without silane (Si A174)

Fig. 3 Proposed chemical reaction between LLDPE and silane initiated by dicumyl peroxide
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in Table 3. The lower melting temperature and degree of crystallinity in crosslinked
LLDPE/PVA blends compared to blends without Si A174 may be related to the
crosslinking network initiated during melt processing. The network structure makes
the macromolecular LLDPE chain less flexible, lowering the Tc and making
crystallization more difficult. Interestingly, the Tc of crosslinked LLDPE/PVA
blends with ratios of 60/40 and 50/50 are close to that of the pure LLDPE. This
result indicates that Si A174 enhances the compatibility between PVA and LLDPE.

Fig. 4 Plausible chemical reaction between LLDPE, silane, and PVA

Table 3 Melting parameters of LLDPE and PVA in LLDPE/PVA blends with and without Si
A174

LLDPE/PVA ccc LLDPE ccc ccc PVA

(php/php) ccc Tm (°C) Tc (°C) Xc (%) Tm (°C)

Without Si A174 100/0 121.35 108.56 33.7 –

ccc 60/40 123.34 115.57 12.5 226.74

ccc 50/50 123.75 116.47 7.4 227.73

ccc 40/60 123.45 116.79 4.9 227.3

Si A174 60/40 122.72 109.86 8.6 227.09

ccc 50/50 122.53 110.88 6.1 227.45

ccc 40/60 122.55 115.55 1.6 227.63
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4 Conclusions

The following conclusion can be drawn from this study:

i. The presence of Si A174 has increased the tensile strength, elongation at break,
and Young’s modulus of LLDPE/PVA blends.

ii. The compatibility of the LLDPE/PVA blends is enhanced by depression of
melting temperature.
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