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ABSTRACT

The present research focuses to evaluate a complete outlook of virgin high density polyethylene
(HDPE) and polypropylene (PP) polyblends. Virgin PP of 10, 20, 30, 40 and 50 weight % is
compounded with virgin HDPE. Tensile, Flexural and impact test specimens of virgin HDPE, Virgin PP
and HDPE-PP composites are prepared via twin screw extruder and injection moulding methods as
per ASTM D638-02a (Type-l), ASTM D790 and ASTM D256-A standards respectively. The
mechanical properties like tensile strength, flexural strength, 1zod impact strength are examined.
Polymer sheets are fabricated using a two roll milling machine and compression moulding; and its
electrical properties like dielectric strength, surface resistivity, volume resistivity are examined
according to ASTM-D 257 standard. The study also includes effect of strain rate on tensile properties
of the prepared composite at a cross head speed of 30, 40, 50, 60 and 70 mm/min. Design of
experiment is conducted to find parameters dominating the tensile strength. All experiments are
carried out at room temperature of 23°C and absolute humidity of 54%. Scanning electron microscopy
(SEM), Atomic force microscopy (AFM) and polarised light microscopy (PLM) are used to observe the
surface and crystal morphology. X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR) tests verify the non compatibility of both polymers. Differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA) techniques are used to study the thermal behaviour of composites.
The results manifest dielectric strength and volume resistivity decreases with addition of PP to HDPE;
whereas surface resistivity increases. Co-occurring spherulites are seen for polyblends; indicating the
composite to be a physical blend of continuous and dispersed phases, but on the other hand PP
improves the tensile and flexural properties of HDPE.

Keywords: High density poly ethylene (HDPE); Polypropylene (PP); polyblends; mechanical; thermal;
crystallization; electrical properties; strain rate.

1. INTRODUCTION

Polymer composite is material of research in modern days. Thermoplastic polymers are of great
interest due to their technical and commercial importance [1]. In general two or more polymers are
melt blended to form a product as polyblends [2-5]. The component percentages are the primary
factor influencing their physical properties [6]. The manufacturing technique and operating conditions
are second governing factor.

Among the thermoplastic polymers; PP possess good mechanical strength. In addition it has high
chemical resistance, low cost and easy to manufacture. PP has wide application in automobile spare
parts and as well as container [7]. HDPE is known for its large strength to density ratio due to its little
branching .HDPE unlike PP cannot withstand normally required autoclaving conditions [8-13].
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Jia-Horny Lin et al. has reinforced HDPE to PP matrix and verified the non-compatibility of both
polymers, but improves the impact strength of PP [14]. Souza et al. found the effect of processing
temperature and content of HDPE on interfacial tension of the PP/HDPE polyblend [15].

Past studies show the compatibility of PP/HDPE polyblends depends on factors like processing
temperature, polymer structure and blending ratios [15-17]. Polymers with similar physical properties
form polyblends with greater mechanical strength [18-20]. The mechanical properties of the PP/HDPE
polyblend decreases with increase in dissimilarity of melt flow index (MFI) [21]. 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 [22,23]. Thermoplastics are used in various electrical applications
like wire and cable as insulation and jacketing materials due to their unique combination of properties
such as low temperature flexibility, excellent insulating characteristics and resistance to moisture
absorption [24]. Electrical properties of various polymer blends have been investigated by different
researcher [25-31]. 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 [32,33].
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 [34-36]. 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 [37,38]. It is reported that by blending polyethylene with polypropylene, the dielectric
strength can be increased because the spherulite boundaries are reinforced [39-41]. The mechanism
of increase in dielectric strength by polymer blending is still not so clear.

History reveals, the composites are mainly used for savings in secondary structures. The fibre-
reinforced polymer (FRP) materials find increasing applications as load bearing structures. But in the
other hand, development of polymer materials for high technology engineering applications is in
demand [42-44]. It is always a matter of concern, to evaluate the mechanical properties of polymer
composites at high rates of strain. Premature failure at high loading rates alarms to design structures
with high strength. The progress in research to find the mechanical strength of thermoplastic polymer
blends are still lacks. With respect to above argument, a polymer blend of HDPE-PP has been
developed to understand the strain rate effects on particularly to tensile properties.

A detailed review of the strain rate dependence of mechanical properties of polymer composites has
been outlined by Jacob et al. [45]. The study of different properties of polymer blends is a new
approach [46]. These polymeric materials must perform at the imposed conditions. Blend of HDPE-PP
has been prepared [47-49] and its mechanical, thermal, crystallization and electrical properties has
been studied. An experimental approach using universal testing machine (UTM) was employed to
study the effect of low strain rate loading on HDPE/saw dust composites [50]. In fibre reinforced
polymer composites, the increment of filler may increase its tensile strength [51]. In general, the filler
is incapable to endure the stress transmission efficiently and resulting low compression strength
[52,53]. In a similar manner, Bia et al. [5413 studied the tensile properties of rigid glass bead/HDPE
composites at a strain rate of 3x10°- 8x107 s and observed tensile modulus and strength increases
with loading rate. Over the last two decades, the global production of synthetic polymers increasing.
Polymers have low weight, durability and cheap relative to other materials [55-57]. So in the present
work an attempt has been made to find out an alternative use of HDPE-PP polyblend by accessing
the different physical and chemical properties. Additionally the design of experiments (DOE) is carried
out to discover the influencing factor on tensile strength at break point.
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2. EXPERIMENTAL

2.1 Collection of Polymers

PP (M110 Grade, homopolymer) produced by the sphericol technology and HDPE (M5818 Grade,
injection moulded type) produced by Mitsui Slurry CX technology are purchased from Haldia
petrochemical limited, haldia, India. Different physical properties of the polymers are reported in
Table 1.

Table 1. Physical properties of 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

2.2 Preparation of Tensile, Flexural and Impact Test Specimen

Polymers in the form of pellets are collected. The pellets are dried in a hot air oven at 60°C for 8 hrs to
remove moisture content followed by mixing of 10, 20, 30, 40 and 50 wt. % of PP to HDPE. Then they
are converted into polymer blend pellets using a twin screw extruder (ZV20, Specific Engineering and
Auto Mates, Vadodara, India) at feeder speed of 51 rpm and main rotor at 54 rpm. The screws are of
21 mm diameter and co-rotating type, containing three thermal barrels at 190, 200 and 210°C
respectively. The melt and die temperatures are 224 and 200°C.

The obtain pellets are dried at 60°C for 8 hrs and moulded to test samples using an automatic
injection moulding machine (Endura-90, Electonica plastic machines limited, Kolkata, India) with
screw diameter of 35 mm at 177 rpm. The temperature of the nozzle is 200°C and that of the three
barrels are 190, 200 and 210°C respectively.

Tensile specimens are prepared according to ASTM D638-02a type-I; with gage length 50 mm, width
13 mm and thickness 3 mm. Flexural sample of size 127 mm x 12.7 mm x 3.2 mm are prepared as
per ASTM D790 standards. Impact test specimens are prepared by cutting the flexural samples to a
size of 63.5 mm x 12.7 mm x 3.2 mm with a V-notch of 45° and 0.25 mm depth as per as per ASTM
D256-A standard. Fig. 1 shows the snapshots of the test samples.

(a) (b)

Fig. 1. Prepared test specimens (a) Tensile (b) Flexural

2.3 Preparation of Polymer Sheets

In the similar manner 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 machine having front roll at a speed of 42
rom and rear roll at a speed of 37 rpm at an operating temperature of 300°C. The rollers are of 155
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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 compression press (ldentification no:
CIPET/PTC/119, make: CIPET, Ahmedabad) as 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 Fig. 2.

Fig. 2. Polymer sheets incorporated for electrical property study

2.4 Mechanical Properties

Both tensile and flexural strengths of HDPE/PP polyblends are tested using an universal testing
machine (UTM3382, Instron, UK) as per ASTM D638-02a and ASTM D790 standards respectively.
Mechanical properties are studied for the composites along with virgin polymers and results are
compared. Tests are conducted at cross head speed of 50 mm/min (ASTM standard). Flexural
sample of size 127 mm x 12.7 mm x 3.2 mm are tested at speed of 1.365 mm/min with support span
spacing of 51.2 mm (span = 16 times of thickness) at an extension up to 5%. The speed of the test
and flexural strengths are calculated according to equation 1 and 2 respectively.
zi?
Speed — )

_ 3pL
TFmax = 3pa2

)
Where, Z is Rate of straining at 0.01 mm/mm/min, L is span length (mm) and d is sample thickness
(mm), og,_ .. is flexural strength (MPa), P is load (N), L is span length (mm) and b is sample width
(mm).
Impact tests are conducted using a lzod and Charpy impactometer (IT 504 Plastic impact, Tinius
Olsen, USA) with a V-notch cutter as per ASTM D256-A standard , possessing a pendulum energy of

13.70 J. Impact test specimens are prepared by cutting the flexural samples to a size of 63.5 mm x
12.7 mm x 3.2 mm with a V-notch of 45° and 0.25 mm depth.

Mechanical property study also includes the findings like, the strain rate effect on tensile strength.
Tests are conducted at cross head speed of 30, 40, 50, 60 and 70 mm/min for each composite type.
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Stress and strain at yield and break points are estimated in the experiment and reported in result and
discussion section. Each data corresponds to the mean value for three independent observations.

2.5 Microscopy Test

Our investigation has used SEM (JEOL; JSM-6480 LV, USA), Field emission SEM (Nova Nano SEM-
450, USA) and PLM (Leica, DM750P, Germany). Morphology of samples is captured before and after
fracture of impact test. Energy dispersive spectroscopy (EDS) analysis and carbon mapping test are
conducted using FESEM at an operation voltage of 10 KV. Samples are gold coated before each test.
PLM is used to observe the spherulite behaviour of the polyblends. A tiny sample is placed on a glass
slide and melted at 200°C (using the hot stage) followed by sandwiching the sample by placing a
micro glass slide over it to form a thin film. The sample is cooled at rate of 5°C/min (using cold stage)
and spherulite morphologies are captured at 130 and 125°C at magnificationx10.

AFM (Park XE 100, South Korea) is used to observe the topography of prepared tensile specimens. In
order to see the distribution of polymer molecules in the blend and root mean square (rms) roughness
(Rg) in nanometre scale; an AFM at non contact mode and room temperature is implemented. Images
were scanned by using a cantilever of tip radius 10 nm (NCHR mode), a nominal constant spring of
0.05 N/m and a scanning rate of 0.9 Hz. The scans were made on 1000 nm x 1000 nm scale (except
for 60HDPE/40PP, held at 750 nm x 750 nm) and repeated five different times on five different area
of the polymer surface (tensile specimen) at a resolution of 256 x 256 pixels (except for
60HDPE/40PP, held at 192 x 192 pixels), set point of 10 nm, amplitude of 20.85 nm. The rms
roughness is determined [58] by following equation,

2= Zg)®
rms = LEi Zar)
N

@)

Where, Z; is the height at a particular point on an image (nm), Z,, is the mean height of all pixels in the
image (nm) and N is the total number of pixels in the image. The maximum range is the height
difference between the lowest and highest pixels in the image.

2.6 XRD, FTIR

In order to analyse any new phase formations after blending the polymers and to understand the
chemical structure of the polyblends; the XRD (Philips, PW1720, USA) and FTIR (Perkin-Emler
Spectrum 100, USA) techniques are utilised. X-ray scanning is done within a diffraction angle (26)
range of 10-90° with Cu Ka radiation at 40 KV and 30 mA. The rate of scanning is 10%min and at A =
0.154 nm. The IR Spectroscopy is observed between the waveband of 450 to 4000 cm™.

2.7 Dsc and Tga Analyses

The polyblends thermal behaviour is analysed using a DSC (Perkin-Elmer DSC 7, MA, USA) and TGA
(Perkin-Elmer TGA, MA, USA) analysers. The DSC tests are performed under nitrogen flow rate of 50
ml/min. Polymer samples of around 10 mg are scanned at a heating rate of 10°C/min from ambient
temperature to 200°C. The samples undergo three thermal cycles. Heating, cooling and reheating
under the same condition to follow an identical thermal history for all polymer blends.

The degree of crystallinity (Xc) of the polyblends is evaluated by equation-4

o

X-(%) = EF x 100 (4)

Where, AHy = Melting enthalpy of HDPE or PP in the blend, ,&Hf“ = Enthalpy corresponding to melting

of 100% crystalline HDPE or PP and & = weight fraction of HDPE or PP in the blend. In TGA test,
polymer samples with masses of approximately 10 mg are heated from atmospheric temperature to
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600°C, at heating rate of 10°C/min and nitrogen flow rate of 50 ml/min, to observe their degradation
behaviour. Data corresponding to ﬁHJP are referred from Roger L. Blaine [59].

2.8 Taguchi Optimization

Design of experiment (DOE) is one of the powerful statistical techniques to study the influence of the
controlling factor on output. All designed experiments require a certain number of combinations of
factors and levels be tested in order to observe the results of those test combination. In our project,
Taguchi optimization method is employed to find out the optimum operating parameters influencing
the tensile properties using MINITAB-16 software. Tensile strength at break point is considered as
response. The operating conditions implemented are given in Table 2.

Table 2. Levels of the variables used in the experiment

Control Factors Level

1 2 3 4 5 Units
Composition (code:C) 50 60 70 80 90 Weight % (HDPE)
Speed (code:S) 30 40 50 60 70 mm/min

Full-Factorial design is conducted in accordance with 5 level Lys (5°) orthogonal array. The S/N ratios
for maximum tensile strength at break (in MPa) under ‘larger is the better characteristic’ are calculated
as the logarithmic transformation of the loss function as shown below.

Larger is the better characteristic:
s . 1.1
o= t0log_(Z_) (5)

Where ‘n’ is the repeated number trial conditions and ‘Y’ is the data pertaining to tensile strength at
break point.

3. RESULTS AND DISCUSSION
3.1 Tensile, Flexural and Impact Strengths of Polyblends

In this section the mechanical strength results corresponding to 20, 30 and 50% PP reinforced
composites are reported. The maximum value (= 35MPa) of tensile strength is resulted from PP
where as the HDPE matrix bears a tensile strength of = 22MPa (Fig. 3(a)). Reinforcement of PP to
HDPE improves the tensile strength (compared to HDPE) due to formation of brittle polyblends as
observable in Fig. 3(b). The magnitude of tensile modulus at break point is reported in Fig. 3(c).
Detailed tensile results are noted in Table 6. The experimental outcomes for flexural tests are
reported in Fig. 4. Flexural strength improves (See Fig. 4a) and a value of = 23MPa is observed for all
the composite blends. Fig. 4(b) reveals the PP added polyblends bear more extension properties
when compare to HDPE. Data pertaining to the flexural modulus are reported in Fig. 4(c); indicating
the PP content increases the flexural modulus; as PP to be a separate phase in the polyblend and
HDPE as continuous matrix.

The impact strength of polymers are expressed in three different ways and reported in Fig. 5. The
results corresponding to impact strength in Joule (J) is reported in Fig. 5(a); indicating a maximum
value for HDPE where as attributing a minimum value to 50/50 polyblend. Energy absorbed during
impact per unit thickness of sample is manifested in Fig. 5(b). The impact energy absorbed per unit
cross sectional area, perpendicular to load; also shows a similar trend as visible in Fig. 5(c).
Reinforcement of PP particles to HDPE matrices contracts the stress concentration and the plastic
deformation property is lost; there by weakening the impact property.
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3.2 Phase Analysis of HDPE/PP Polyblends

The chemical and crystal structure of HDPE/PP polyblends are analysed by XRD and FTIR. Figs. 6
and 7 reports the XRD and FTIR results. For PP all the peaks lies between 26 of 15 to 30°, which are
a form of PP. The peaks are corresponding to crystalline lattices [60]. Two diffraction peaks for HDPE
are observed between 20 to 30° diffraction angles, comprising of orthorhombic crystals [61,62].
Reinforcing PP to HDPE does not produce any new peaks, only shortening of peaks for HDPE/PP
polyblends are seen. So combination of PP with HDPE is only a physical mixing with no alternation of
chemical structure. Table 3 shows the frequency ranges of different functional groups of PP and
HDPE polymers, with assigned vibration type. The FTIR spectra reveals, the peaks of HDPE/PP
composites confirms to those of virgin HDPE and PP matrices.
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Table 3. IR spectra analysis reports

Group Wave number (cm™) Vibration type Assigned to
-C-H 2985-2810 Stretching PP

-CH, 2950-2850 Stretching HDPE

-CH, 1475-1440 Bending PP

-CHs 1380-1370 Bending PP

-CH, 1470-1460 Bending HDPE

-CH, 730-700 Rocking HDPE

3.3 Thermal Behaviour of HDPE/PP Polyblends

From the DSC study the melting temperature (T,) of PP and HDPE are 168.6 and 134.6°C
respectively. Table 4 reports the detailed results of melting temperature and melt enthalpy (AHg) of

the polymers. The HDPE/PP polyblend bears two melt points as shown in Fig. 8(a); indicating the
polyblend to be a co-occurrence of both HDPE and PP. The results authenticate the polymer
composite to be a physical mixture of both the polymers. The existence of PP in HDPE does not alter
the melt peak temperature significantly.

Fig. 8(b) shows the temperature (T.) and enthalpy (AH_)of crystallization for all the polymers resulted

from the DSC cooling cycle. The T.’s for PP and HDPE are 122.11 and 115.01°C respectively. Result
shows PP crystallizes faster than HDPE. But the order of crystallinity of the composite blend is quite
similar to HDPE. Augmentation of PP particles to HDPE retards the nucleation of the heterogeneous
polymer blend and so the crystallization peaks of the polyblends are undistinguishable.

The weight loss of a polymer with respect to time or temperature is usually predicted by using TGA
technique. The thermal degradation is an irreversible process. Our work focused to predict the
degradation temperature (Tp). It is defined in our project as; the temperature at which the weight loss
of the polymers just starts to fall immediately. Fig. 9 shows TG/DTG thermogram sketches of our
prepared polymers. The results obtained via TG analysis on polymers are revealed in Table 5. All the
samples undergo a single degradation step. The inflection point (lp, at which the rate of weight change
with temperature is maximum) and residual weight % are also reported in Table 5. It is evident from
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the results that, the thermal behaviour of the binary polyblends differ marginally; may be due to similar
density and MFI.

Table 4. DSC data of HDPE/PP polyblends

Polymer type AH , yig Tm,°C T, °C Xc, % ﬂﬂc, Jig
HDPE 213.9 134.6 115.0 73.0 253.2
PP 55.7 168.6 122.1 26.9 74.94
50HDPE/50PP 119.7%/30.5° 134.4%/166.1° 115.2 81.70%/29.46° 2124
70HDPE/30PP 138.1%/29.6° 134.4%/163.7° 1155 67.33%47.66° 201.5
80HDPE/20PP 131.0%/25.1° 134.8%/162.6° 120.8 55.88%/60.62° 148.6

The superscript ® and ° corresponds to citing HDPE and PP respectively
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Table 5. TG/DTG results of prepared polymers

Sample Tp, °C Weight % Residual Inflection point
atTp weight % °C %/ °C
HDPE 368.56  97.45 0.7495 452.5 2.264
PP 356.87 97.86 1.206 438.0 3.008
50HDPE/50PP 392.34  96.20 0.5303 447.68 3.002
70HDPE/30PP 388.54  96.45 0.6602 447.65 2.94
80HDPE/20PP  320.174 96.16 1.972 433.16 1.378

3.4 Microscopy of HDPE/PP Polymer Composites

The surface morphology of polymers before fracture is reported in Fig. 10 by means of FESEM. A
similar morphology of all the polymer blends is observed. Prepared sample’s surfaces are smooth and
difficult to differentiate by FESEM. The continuous and dispersed phases for un-fractured polyblend
samples are difficult to identify. To evaluate the changes in the properties; carbon elemental mapping
(EDS) and AFM tests are conducted and disclosed in Figs. 11 and 12. Surface behaviour of fractured
specimens after impact test is shown in Fig. 13.

Fig. 12 reports 2D and 3D topography of the prepared tensile specimens. The polymers are uniformly
distributed inside the composite as visible in the AFM images. The white and brown spots (both dark
and dull) are confirming to the PP and HDPE phases respectively. Few aggregative PP phases are
observed in the 50HDPE/50PP composite. A wide distribution of PP molecules within the blend is
noticeable in 90 % HDPE blend (Fig. 12. (i) and Fig.12 (j)). As both the polymers are not compatible to
each other, the molecular distribution of PP declines with its content. HDPE holds low melting point
and high melt flow index, resulting a smoother surface formation during injection moulding. Results
corresponding to the rms roughness (R,) are revealed in Fig. 14. Attributing to the above discussion,
the roughness of the prepared tensile specimen confirms to be minimum for 90HDPE/10PP polymer
composite. The maximum rms roughness (R,=3.478 nm) is resulting for 50HDPE/50PP polyblend
specimen and falls with increase in HDPE load.

Crystal structures of the polyblends during solidification from molten stage are reported in Fig. 15.

Spherulites are large and spherical for PP conforming to the results reported by jia-Horng Lin et al.
[14], and so called ring spherulites for HDPE. PP forms an overlapped layer in the polyblend and
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hence an incomplete spherulitic growth is resulting for the polymer composites. Spherulites stalk over
each and cannot reach to complete form.

Fig. 10. Surface Morphology of un-fractured Polyblends; (a)Virgin HDPE, (b)Virgin PP, and
HDPE/PP Polyblends which contain, (c) 50 wt%, (d) 30 wt% and (e) 20 wt% of PP
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Fig. 11. EDS and Carbon element mapping of Polyblends; (a)Virgin HDPE, (b)Virgin PP, and
HDPE/PP Polyblends which contain, (c) 50 wt%, (d) 30 wi% and (e) 20 wt% of PP
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Fig. 12. 2D and 3D Tapping mode AFM images of (a),(b) 50HDPE/50PP; (c),(d) 60HDPE/40PP;
(e),(f) 70HDPE/30PP; (g),(h) 80HDPE/20PP; (i),(j) 90HDPE/10PP polyblends
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Fig. 13. SEM images of the fractured specimens after impact tests; (a) Virgin HDPE, (b) Virgin
PP and Polyblends which contain (c) 50 wt %; (d) 30 wt %; (e) 20 wt % of PP
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Fig. 14. Root mean square roughness (R,) of the prepared tensile specimens
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Fig. 15. Spherulite structures of prepared Polymers (a) HDPE at 130°C, (b) HDPE at 125°C, (c)
PP at 130°C, (d) PP at 125°C, (e) 50HDPE/50PP at 130°C, (f) 50HDPE/50PP at 125°C, (g)
80HDPE/20PP at 130°C, (h) 80HDPE/20PP at 125°C

Electrical properties like surface resistivity and volume resistivity are measured using a super mega
ohmmeter (ldentification no: CIPET/PTC/095 make: Toa electronics Itd, Japan, Model: SM-8220) at a
voltage of 500V as per ASTM-D 257 standard. Dielectric strength is measured using a dielectric
breakdown tester (Identification No: CIPET/PTC/150, Megger, OTS 100 AF/2). Results of different
electrical properties are reported in Figs. 16 to 18.

Since the surface length is fixed, the measurement of surface resistivity is independent 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 Fig. 17.
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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 80HDPE/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 voltage 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 observation the
HDPE/PP composite bears less dielectric strength than their virgin forms as shown in Figure-18.
Generally the dielectric strength of a material arises due to the polarisation of molecules and it
increases with increase in polarisability [63]. It is believed that the augmentation PP to HDPE matrix
decreases the atomic polarisation, thereby lessening the insulating properties.
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Fig. 18. Dielectric Strength as a function of composition

Table 6. Experimental values of stress at yield and break point

Composite Speed, mm/min
30 40 50 60 70 30 40 50 60 70
Stress, MPa
At Yield At break

50HDPE/S0PP  27.96 25.40 2791 2642 2749 2573 23.22 26.69 25.57 26.12
60HDPE/40PP  23.74 2453 2485 2560 2578 14.39 13.07 6.26 6.85 6.44
70HDPE/30PP  25.73 26.11 24.73 2747 2715 2357 2429 2415 2550 25.17
80HDPE/20PP  24.20 24.60 2351 2515 25,65 20.63 20.40 22.10 21.79 23.99
90HDPE/10PP 2795 2854 29.13 2945 2948 294 303 566 540 7.62

Table 7. Experimental values of strain at yield and break point

Composite Speed, mm/min
30 40 50 60 70 30 40 50 60 70
Strain, %
At Yield At break

50HDPE/50PP 755 762 7.05 7.62 7.15 1146 12.08 8.82 9.81 9.78
60HDPE/40PP 8.25 8.24 822 8.07 7.74 438.18 438.64 29580 141.05 92.132
70HDPE/30PP 7.87 7.11 750 7.15 7.04 1298 10.90 1259 1113 11.53
80HDPE/20PP 854 820 7.70 759 754 1519 1526 12.82 12.15 11.07
90HDPE/10PP 728 7.16 6.94 6.91 7.00 104.35 84.15 62.59 68.24 55.07

Finally the effect of strain rates on tensile strength of the prepared polymer composites is evaluated.
Data pertaining to the tensile properties of all the prepared polyblends at different cross head speeds
are reported in Tables 6 and 7. Table 6 shows the outcomes for the tensile stress at yield and break
points in MPa. The resulted strain in % at both yield and break points are disclosed in Table 7.

The optimisation result shows that tensile strength is maximum for 50HDPE/50PP polyblend. The
tensile strength decreases with increase in HDPE content in the composite. Tensile strength is
minimum at the cross head speed of 40 mm/min and maximum at 70 mm/min. The Fig. 19 reveals,
the strength is almost same at cross head speed of 40, 50 and 60 mm/min. But the improvement of
the tensile strength at the rate of 70 mm/min is quite significant. Analysis of result from Figure.19
concludes that a factor combination of C1 and S5 shows the maximum strength at break point. The
results are in accordance to the fact that, high strain rates favour the elastic behaviour of materials.
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Elasticity is associated with load bearing performance as embodied in properties such as strength.
But low strain rates favour the viscous behaviour. In our experiment; as cross head speed increases
to 70 mm/min; the temperature of the specimen might declines to minimum and making it stronger
and stiffer.

The tensile strength behaviour at break point is designed and reported in Table 8. S/N ratio in
Taguchi’s technique indicates the ranking of parameters based on their influences. The mean of the
S/N ratios is found to be 22.960 dB. Response table for S/N ratios is shown in Table 9. Larger the
better characteristic is taken for this analysis. The difference between the highest and lowest value
estimates the magnitude of delta (A). Ranking was allotted in descending order with respect to the
delta values. It is concluded that composition dominates in a higher extent to tensile strength; than
that of cross head speed. Figs. 19 and 20 depicts the main effect plot for S/N ratio and mean S/N ratio
respectively.

The analysis of variance (ANOVA) is used to analyze the influence of tensile strength parameters like
composition and speed. The ANOVA establishes the relative significances of factors in terms of their
percentage contribution to the response. This analysis was carried out for a level of significance of 5%
(the level of confidence 95%). ‘P’ value, less than 0.05 for a particular parameter, indicates that it has
the major effect on the responses. From Table 10 it is observed that ‘P’ value for the factor
composition is much lesser than 0.05; so the major controlling parameter for tensile strength is
composition followed by speed.

Table 8. Experimental design using L,5 orthogonal array

ng Composition, Speed, Tensile Strength S/N Ratio,
(5°) Wt % HDPE Mm/min At break, MPa dB
1 50 30 25.73 28.21183
50 40 23.22 27.31986
3 50 50 26.69 28.52892
4 50 60 25.57 28.15631
5 50 70 26.12 28.33946
6 60 30 14.39 23.16423
7 60 40 13.07 22.32551
8 60 50 6.26 15.93981
9 60 60 6.85 16.72015
10 60 70 6.44 16.18581
11 70 30 23.57 27.44977
12 70 40 24.29 27.70927
13 70 50 24.15 27.65942
14 70 60 25.50 28.13217
15 70 70 25.17 28.01973
16 80 30 20.63 26.29251
17 80 40 20.40 26.19431
18 80 50 22.10 26.88824
19 80 60 21.79 26.76634
20 80 70 23.99 27.6006
21 90 30 2.94 9.378756
22 90 40 3.03 9.654614
23 90 50 5.66 15.0686
24 90 60 5.40 14.6527
25 90 70 7.62 17.64594

A correlation between tensile strength at break point “TS,” (non-variable factor), composition and
speed (variable factors) is derived by multiple linear regressions from equation no-6. From equation
no-4, it is observed that the factor “composition” has a major impact on tensile strength followed by
speed.
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Table 9. Response table for tensile strength at break

Level Composition: C Speed: S
1 28.11 229
2 18.87 22.64
3 27.79 22.82
4 26.75 22.89
5 13.28 23.56
Delta(A) 14.83 0.92
Rank 1 2
Main Effects Plot for SN ratios
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Fig. 19. Main effect plot for S/N ratio
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Table 10. ANOVA table for tensile strength at break point

Source DF Seq SS Adj SS Adj MS F P
COMPOSITION 4 873.54 873.54 218.38 3383 0
SPEED 4 2.45 2.45 0.61 0.09 0.983
Error 16 103.29 103.29 6.46

Total 24 979.28

NOTE - DF: Degree of Freedom; seq SS: The Sequential Sum of Squares; Adj SS: Adjusted Sum of Squares;
Adj MS: Adjusted Mean Squares

TSb= Ko + K1A + K2B + K3C (6)
Where, K; (i=0, 1, 2, 3....) is a model constant. The regression equation is given by

TS, = 36.8 - 0.287 COMPOSITION + 0.010 SPEED (7)
Finally a confirmation test was conducted to evaluate the design parameters influencing the response.
The purpose of confirmation experiment is to validate the conclusions drawn during the analysis
phase. For this, control parameters with optimal levels of 60HDPE/40PP for composition and 40
mm/min for speed are considered. Table 11 shows the confirmation test result. The experimental
result shows an improvement in tensile strength at break point to be 1.6%.

Table 11. Results of the confirmation experiment

Optimal control parameters

Prediction Experimental
Level C.S; C.S;
S/N ratio, dB 22.85 23.22

4. CONCLUSION

Our project promisingly combines PP with HDPE. The dispersion of PP in HDPE improves tensile and
flexural strengths compared to HDPE, where as impact strength falls in compared to both HDPE and
PP. The XRD, FTIR and DSC tests prove the polyblend to be a combination of two dispersed
matrices. No changes in chemical structure are observed, confirming the composite to be a physical
blending. PLM tests authenticate; reinforcement of PP particles to HDPE retards the crystal growth
and spherulites lap over. The spherulite growth rate is higher for virgin PP than HDPE. TGA tests
disclose the degradation characteristics. The polyblend shows lesser values of dielectric strength and
volume resistivity. 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 may be due to changes in the polarising
property. Cross head speed is an important variable to decide the tensile behaviour. Tensile strengths
at break point are quite identical at 40, 50 and 60 mm/min and the value is maximum at 70 mm/min.
Optimisation results summarises composition is more dominating to tensile strength compared to
cross head speed. The results are quite obvious due to the stated reasons. Surface roughness of the
tensile specimens is significantly affected by the presence of PP; as dispersed phase in the
composite. The polyblend having 50 weight % of PP and HDPE holds the highest rms roughness
during moulding. Due to low material cost and traditional fabrication methods, the polymer composites
may find suitable applications areas.
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