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Abstract

Polymer composites of virgin high density poly ethylene (HDPE) and virgin
polypropylene (PP) are prepared. PP of weight% of 20, 30 and 50 are rein-
forced to HDPE in the form of pellets. They are converted into raw polymer
sheets using a two roll milling machine. The prepared raw sheets have un-
dergone compression moulding to fabricate polymer sheets to study electrical
properties like dielectric strength, surface resistivity and volume resistivity at
atmospheric temperature and pressure. Result shows dielectric strength and
volume resistivity decreases with addition of PP to HDPE, whereas surface
resistivity increases. Crystal growth rate is observed using a cross polarised
microscope (PLM). The microscopy results reveal, the PP crystallizes faster
than HDPE and the growth rate declines for the polyblend; showing
non-uniform and hazy spherulitic structure.
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1. Introduction

During last decades polymeric containing materials attracted the attention of
scientists for wide spread applications such as solar energy conversion, coatings,
adhesives, lithography, light emitting diodes, sensors, laser development and
many applications [1] [2]. Thermoplastics are used in various electrical applica-
tions like wire and cable as insulation and jacketing materials due to their unique

combination of properties such as low temperature flexibility, excellent insulat-
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ing characteristics and resistance to moisture absorption [3]. Electrical proper-
ties of various polymer blends have been investigated by different researcher
[4]-[10]. In general polymer blends are prepared by physical mixing of two or
more polymers to obtain a new material with improved properties compared to
the parent one. This is the most convenient method of obtaining a material
rather than synthesizing a new polymer [11] [12]. The electrical conductivity
studies are aimed at understanding the origin of the charge carrying species and
the way in which they move through the bulk of the material. Polymers with
controlled conductivity and thermal sensitivity are much desirable in various
applications [13] [14] [15]. Knowledge of electrical properties of polymer blends
is helpful in material study and characterization for device fabrication.

To develop a new electrical insulating material with good performance, it is
important to do researches focusing on the effect of morphology on electrical
properties. Polypropylene possesses good insulation performance because of its
high crystallinity. However, since spherulite boundaries become weak points, the
dielectric strength of polypropylene is not so much higher than high density
polyethylene [16] [17]. It is reported that by blending polyethylene with poly-
propylene, the dielectric strength can be increased because the spherulite
boundaries are reinforced [18] [19] [20]. The mechanism of increase in dielectric
strength by polymer blending is still not so clear. In the present paper, effects of
blending of polypropylene (PP) with high density polyethylene (HDPE) on dif-
ferent electrical properties, such as dielectric strength, surface resistivity and
volume resistivity are examined. Crystal structures are observed through cross

polarised optical microscope (PLM).

2. Materials and Methods
2.1. Pickup of Polymer Raw Materials

Polypropylene of homopolymer type with M110 grade prepared by the spheripol
technology and high density polyethylene of injection moulded type with M5818
grade prepared by Mitsui Slurry CX technology is obtained from Haldia petro-
chemical limited, Haldia, West Bengal, India in the form of pellets. Different
physical properties of the polymers are reported in Table 1.

2.2. Preparation of Polymer Sheets

The collected polymer pellets are dried in a hot air oven at 60°C for 8 hours to
remove moisture content followed by mixing of 20, 30 and 50 weight% of PP to
HDPE. They are converted into polymer raw sheets using a two roll milling ma-
chine having front roll at a speed of 42 rpm and rear roll at a speed of 37 rpm at
an operating temperature of 300°C. The rollers are of 155 mm diameter and 360
mm length. The raw sheets are chopped and finally converted to circular disc
shaped sheets having @ of 110 mm (for surface and volume resistivity) and 50
mm (for dielectric strength) with 3 mm thickness using a laboratory compres-
sion press (Identification No.: CIPET/PTC/119, Make: CIPET, Ahmedabad) as
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per ASTM-D 1894 standard at 300°C and 15 tons load. The circular disc shaped

polymer sheets used in the experiment are shown in Figure 1.

3. Results and Discussion

Electrical properties like surface resistivity and volume resistivity at atmospheric
temperature and pressure are measured using a super mega ohmmeter (Identi-
fication No.: CIPET/PTC/095, Make: Toa Electronics Ltd., Japan, Model:
SM-8220) at a voltage of 500 V as per ASTM-D 257. Dielectric strength is meas-
ured using a dielectric breakdown tester (Identification No.: CIPET/PTC/150,
Megger, OTS 100 AF/2). Results of different electrical properties are reported in
Figures 2-4.

Since the surface length is fixed, the measurement of surface resistivity is in-
dependent of physical dimensions. In our observation the surface resistivity of
both HDPE and PP samples are same. But the augmentation of PP with HDPE
matrix increases the surface resistivity. The value is maximum for
70HDPE/30PP composite. The mechanism behind the improvement of the
property is not understood in our project. Data pertaining to volume resistivity
is shown in Figure 3. PP bears maximum volume resistivity of about 10"
Ohm.cm. It is noteworthy to mention that the reinforcement of PP to HDPE
matrix results in decrease of volume resistivity. The obtained results reveal, the
80 HDPE/20PP composite possesses the minimum volume resistivity of 2.07 x
10" Ohm.cm. But the causes behind the fall in the said property are unknown.

Dielectric strength is a major electrical property of insulators. In general the
electrical properties break down after continuous application of increased volt-
age to an insulator. So it is a measure of electrical strength of a material as an
insulator. It is the maximum voltage required to produce a dielectric breakdown
through the material and is expressed as volts per unit thickness. In our observa-
tion the HDPE/PP composite bears less dielectric strength than their virgin
forms as shown in Figure 4. Generally the dielectric strength of a material arises
due to the polarisation of molecules and it increases with increase in polarisabil-
ity [21]. It is believed that the augmentation PP to HDPE matrix decreases the
atomic polarisation, thereby lessening the insulating properties.

Spherulite morphology is observed at magnification x10 to understand the
crystal behaviour of the polymers. Cross polarised light microscope (PLM, Leica,
DM 750P, Germany) is implemented for this characterisation. At incipient the
heating stage of the PLM is switched on at a heating rate of 10°C/minute till
200°C is reached. The temperature is maintained constant and a tiny polymer
sample of around 10 mg is melted using the hot stage. The molten polymer is
converted to a thin film placing a micro glass slide over it. Cooling stage is
switched on at a rate of 10°C/minute and spherulite images are captured at
130°C and 120°C respectively as shown in Figure 5. The results reveal; rein-
forcement of PP to HDPE matrix declines the crystal growth. Growth rate is

higher in PP. The spherulites bloom in a spherical shape with a uniform struc-
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ture. But the crystal structure for HDPE is like ring shaped. The polymer blend
possesses both the phases having distinguishable spherulites. This may be due to
the non compatibility of PP with HDPE matrix.

Table 1. Physical properties of the collected polymers.

Polymer type Melt flow index (g/10 min) Density (g/cc)
HDPE 19 (2.16 kg, 190°C) 0.956
PP 11 (2.16 kg, 230°C) 0.900
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Figure 2. Results showing data for surface resistivity.
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Figure 3. Variation of Volume resistivity with composition.
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Figure 4. Dielectric Strength as a function of composition.
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Figure 5. Crystallisation behaviour of developed polymers (a) HDPE at 130°C; (b) HDPE
at 120°C; (c) PP at 130°C; (d) PP at 120°C; (¢) 50HDPE/50PP at 130°C; (f) 50HDPE/50PP
at 120°C; (g) 70HDPE/30PP at 130°C; (h) 70HDPE/30PP at 120°C.

4. Conclusion

The study concluded some salient features of the composite. The electrical
properties like dielectric strength and volume resistivity are decreasing on rein-
forcement of PP to HDPE. On the other hand the surface resistivity is improved.
The exact causes for the changes in the property are not clear. But it is believed
maybe due to changes in the polarising property. The spherulite growth rate is
higher for virgin PP than HDPE. The crystallization behaviour is broadly
changed in the polymer blend. Co-occurring spherulites are seen in the polymer
composite remarking the polyblend to be a physical mixture of two non com-
patible phases. The composite blend may find suitable application areas, if sur-

face resistivity is under consideration.
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