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ABSTRACT

Comparison of some mechanical properties of injection and extrusion moulded pineapple leaf powder (PALP) filled
high density polyethylene (HDPE) was studied. PALP and HDPE composites were prepared using injection and
extrusion moulding techniques respectively. The weight percentages (wt.%) of filler contents investigated were var-
iedas 0, 2, 4, 6, 8, 10 wt.%. It was observed from the results of the mechanical properties carried out on the compo-
sites that the tensile strength, tensile modulus, abrasion resistance, and hardness of the composites increased with
increases in filler content for all the filler contents investigated both for the injection, and extrusion moulded com-
posites while the elongation at break (EB) for HDPE/PALP composites was found to decrease with increases in
filler content for all the filler contents investigated both for the injection, and extrusion moulded composites. The
results also showed that the extrusion moulded HDPE/PALP composites exhibited better tensile strength, tensile
modulus, hardness, abrasion resistance and flexural strength than the injection moulded HDPE/PALP composites
for all the filler contents investigated while the elongation at break (EB) of the extrusion moulded HDPE/PALP
composites exhibited lower elongation at break (EB) values than the injection moulded composites for all the filler
contents investigated. From the present study, it has been proved that PALP can be used as reinforcing filler in pol-
ymer composites and that the use of extrusion moulding technique produced HDPE/PALP composites of slightly
better mechanical properties than those produced using injection moulding technique. This has shown that the qual-
ity of moulded products depends on the selection of correct processing techniques. Therefore, in processing bio-
composites, suitable processing techniques must be carefully selected in order to obtain optimum composite proper-
ties.

Keywords: Injection moulding technique, extrusion moulding technique, mechanical properties, pineapple leaf
powder, high density polyethylene, composites.

INTRODUCTION

Thermoplastic composites are composites that have a thermoplastic polymer as a matrix. The moulding of thermo-
plastics can be carried out non-isothermally, i.e., they can be heated rapidly and cooled without any damaging ef-
fects to their microstructure. The melt viscosities of polymer thermoplastics are 500 to 1000 times that of the ther-
mosets [1-2]. The natural fibres that can be used to reinforce thermoplastics include wood, cotton, flax, hemp, jute,
sisal, banana, pineapple, rice straw, and sugarcane fibres [3]. The greatest advantage of using polymer composites is
the improvement on their light-weight, strength and stiffness [4]. If appropriate choices of reinforcement and matrix
materials are selected, an improved property that will fit into the desired structure will be obtained. Unlike metals,
polymer composites do not break up easily under stress. A small crack in a piece of metal can spread rapidly to
cause great problem especially when used in aircraft but polymer composite material will block the crack, share in
the stress due to the effect of fibrous materials used for reinforcement. Polymer composites are resistant to heat and
corrosion. This is why polymer composites are ideal products for use in boats, spacecraft etc. that are liable to be
used in extreme environmental conditions. Composites are durable especially when plastics are used as the matrix
material. They provide design flexibility and could be moulded into different shapes as desired [5-6].

The manufacturing processes for the fibre-thermoplastic composites include extrusion moulding, injection mould-
ing, calendaring, thermoforming and compression moulding [7]. The quality of moulded products depends on the
selection of correct processing techniques and parameters. The process temperature is of utmost importance, since at
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temperatures above 200°C, natural fibres start to degrade [7]. Li et al [8] determined the appropriate values of injec-
tion temperature and pressure for flax fibre reinforced high density polyethylene bio-composites. The results showed
that higher fibre content in composites led to higher mechanical strength. An Injection temperature of lower than
192°C was recommended for better composite quality because at higher temperature, fibre degradation (fibre degra-
dation temperature ~ 200°C) might have occurred, thereby leading to inferior tensile properties. In comparison with
the injection temperature, the influence of injection pressure was not obvious in this study. However, higher injec-
tion pressure was preferred to obtain better composite tensile properties.

The extrusion process for composite production is by far the most common processing method for the production of
fibre-thermoplastic composites. The injection or compression moulding technique is used when the processing of a
continuous piece is not desired, or a more complicated shape is needed. However, the total weight of product is
much less than that obtained with the extrusion moulding [7]. When fillers are added during the extrusion or injec-
tion moulding process, changes occur which alter the processing parameters, fibre orientation, and mechanical prop-
erties of the product [9].

Many factors influence the performance of natural fibre reinforced composites and these include the nature of fibre,
fibre/filler size and content, the presence or absence of coupling agents, processing technique among others. The
effect of fibre content on the properties of natural fibre reinforced composites is particularly of importance. It is of-
ten observed that increase in fibre content leads to an increase in the tensile properties of composites. Ma et al [10]
investigated the effects of fibre contents on the tensile properties of micro winceyette fibre reinforced corn starch
composites and found that the tensile strength of the composites was approximately trebled when the fibre content
increased from 0 to 20 % wt. However, the elongation at break decreased with increase in fibre content. Similarly,
Lee et al [11] studied kenaf and jute fibre reinforced polypropylene, and found that the tensile strength and Young’s
modulus increased with increase in fibre content, reached a maximum, and thereafter, decreased with further in-
crease in fibre content. Another important factor that significantly influences the properties and interfacial character-
istics of polymer composites is the processing techniques used. Therefore, suitable processing techniques must be
carefully selected in order to obtain optimum composite properties [12]. Tungjitpornkull and Sombatsompop [12]
studied the tensile properties of E-glass fibre (GF) reinforced wood/PVC (WPVC) composites produced by twin
screw extrusion and compression moulding processes and reported that the GF/WPVC composites produced from
compression moulding had better tensile modulus than those from other production techniques. The shear stress in
compression moulding was lower than that in twin screw extrusion; as a result, there was less thermal degradation of
polyvinylchloride (PVC) molecules and less breakage of glass fibre, resulting in longer fibre length in the compo-
sites produced by compression moulding. The composite manufactured by compression moulding had higher specif-
ic density which resulted in fewer voids in the composites.

The aim of this study is to compare some mechanical properties of injection and extrusion moulded PALP/HDPE
composites.

EXPERIMENTAL PROCEDURES

Materials

The materials used in this study include high density polyethylene (HDPE) and pineapple leaf powder (PALP). The
HDPE with a density of 0.97g/cm?, and melt flow index of 9.0 g/10 min. at 170 °C was sourced from Ceeplast In-
dustris, Aba, Abia State. The pineapple leaves from where the powder that was used as filler in this study was pre-
pared were collected from a pineapple orchard near Umuagwo Polytechnic, Owerri, Imo State, Nigeria. The particle
size of the PALP is 0.3mm. Mesh sieve (0.3 mm), cutlass, injection moulding machine (Negri Bossi, Italy), extru-
sion moulding machine (Qingdao Yifeng Zhongrun, China), instron machine (Instron Itd., United Kingdom), elec-
tronic weighing balance (Contech, India), shredding machine, grinding machine, personal protective equipments
(PPEs) were some of the processing equipments used in this study.

Preparation of PALP

The pineapple leaves were cut into smaller sizes and sun-dried for fourteen days. The dried leaves were later oven-
dried for 24 hrs at 80°C prior to grinding. A manual grinder was used to grind the chopped dry pineapple leaves into
powder. The pineapple leaf powder (PALP) obtained was sieved with a sieve grid of 0.3mm (75 microns).

HDPE/PALP Composites Preparation

Samples of HDPE/PALP composites were prepared by thoroughly mixing 200 g, 198 g, 196 g, 194 g, 192 g and
190 g of high density polyethylene with 0, 2, 4, 6, 8 and 10 wt % filler contents respectively. The formulated blend
compositions were each processed at the same temperature (165°C) using an injection moulding machine. The
whole process was repeated using an extruder to process the composites.
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Determination of Mechanical Properties

Tensile strength, tensile modulus, and elongation at break of the HDPE/PALP composites were determined using
Instron testing machine (Lloyds) according to standard method (ASTM D638). Other properties of the composites
determined include abrasion resistance (ASTM D1044) hardness (ASTM D2240) and flexural strength (ASTM
D790).

RESULTS AND DISCUSSION

Tensile Properties of High Density Polyethylene Composites

The tensile properties of high density polyethylene containing different amounts of pineapple leaf powder (PALP) as
filler were determined in this study. The composites were produced using two processing techniques: injection and
extrusion moulding techniques.

Tensile Strength of HDPE/PALP Composites

From Fig. 1, it can be observed that the tensile strength of the composites increased with increase in PALP (filler)
content for both injection and extrusion moulded composites for all the filler contents investigated. The observed
trend of increase in tensile strength of the composites with increase in filler content may be attributed to two main
factors: the better dispersion of filler in the polymer, and filler-matrix interaction [13]. It is evident also from the
figure that the HDPE/PALP composites processed through extrusion moulding technique gave slightly higher tensile
strength than those processed through injection moulding technique for all the filler contents investigated. This re-
sult is similar to the findings of Vineta [14]. Vineta [14] prepared eco-composites using compression, and injection
moulded techniques and reported that the flexural, impact, compression and tensile strengths of the injection mould-
ed composites decreased by about 25 % when compared to the strengths of samples prepared by compression
moulded technique. The processing technique of polymers has profound effect on the properties of the polymer
product. It was observed that the extrusion moulded HDPE/PALP composite exhibited 2.20%, and 3.15% increase
in tensile strength at 2 wt%, and 10 wt% filler content respectively when compared with the samples processed
through injection moulding technique. This increase in the tensile strength obtainable with extrusion moulded com-
posites may be attributed to one or both of the following reasons: (i) better mixing of the filler and matrix by the
screws of the extruder than that of the injection moulding machine and (ii) cold-drawing (observed in extrusion, and
not in injection moulding technique) which is a physical treatment that improves the strength and other properties of
polymer [15]. At temperatures above Tg (glass transition temperature), a thicker than desired polymer film can be
forcibly stretched to many times its length and in so doing the polymer chains become entangled and tend to align in
a parallel fashion. This cold-drawing procedure organizes randomly oriented crystalline domains of polymer, and
also aligns amorphous domains so that they become more crystalline. In this case, the physically oriented morpholo-
gy is stabilized and retained in the final product [16].
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Fig.1 Tensile Strength of Injection and Extrusion Moulded HDPE/PALP Composites
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Fig. 2 Tensile Modulus of Injection and Extrusion Moulded HDPE/PALP Composites

Tensile modulus of HDPE/PALP composites

Fig. 2 shows the effect of filler content on the tensile modulus of injection and extrusion moulded HDPE/PALP
composites. Like was observed on the effect of filler content on the tensile strength of HDPE/PALP composites, the
tensile modulus of the composites was observed to increase with increase in PALP content for both the injection,
and extrusion moulded composites for all the investigated filler contents. This increase in tensile modulus is to be
expected when rigid fillers are incorporated into softer polymer matrices since at high filler content, the composites
will be able to withstand greater load [17]. It can also be observed from Fig. 2 that the extrusion moulded
HDPE/PALP composites produced very slight increase in tensile modulus for all the filler contents investigated
when compared to the samples processed through injection moulding technique. Vineta [14] reported that the tech-
niques used for producing eco-composites under certain processing conditions induced slight changes on the compo-
sites mechanical properties. This result is similar to the ones reported by Avella et al [18], and Siaotong et al [19].
This very slight increase in tensile modulus may be attributed to either or both of the following reasons, as stated
previously in the case of tensile strength of the composites, better mixing of the filler and matrix by the screws of
the extruder, or cold-drawing (observed in extrusion, and not in injection moulding technique).

Elongation at break of HDPE/PALP composites

The effect of filler content on the elongation at break of HDPE/PALP composites processed through injection and
extrusion moulding techniques respectively can be seen from Fig. 3. The figure also showed that the elongation at
break for all the HDPE/PALP composites decreases with increase in filler content for all the filler contents investi-
gated both for injection and extrusion moulded composites. Increasing filler content in HDPE matrix resulted in the
stiffening and hardening of the composites. This reduced the matrix resilience and toughness, and led to the lower-
ing of elongation at break [17]. The injection moulded HDPE/PALP composites were observed to have higher elon-
gation at break values for all the filler contents investigated when compared to the extrusion moulded composites. It
has been reported that the stiffer the natural fibre (filler), the higher the tensile modulus of composites [19-20]. It
was also observed, from the results of this study that as the tensile modulus of HDPE/PALP composites increased,
the elongation at break decreased for all the filler contents investigated. Therefore, the reason for the observed trend
of the elongation at break values for the injection moulded composites being higher than the elongation at break
values for extrusion moulded composites for all filler contents investigated can be inferred from the results of the
effect of processing techniques on the tensile strength and tensile modulus of HDPE/PALP composites earlier dis-
cussed in study.

Abrasion Resistance of HDPE/PALP Composites

Fig. 4 shows that the abrasion resistance for HDPE/PALP composites increases with increase in filler content for
both the injection and extrusion moulded composites for all the filler contents investigated. This study shows that
the abrasion resistance of HDPE/PALP composites increases with increase in the tensile modulus of composites.
Lee and Wang [21] in their studies on polymer composites had reported increases in the abrasion resistance of com-
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posites with increases in the tensile modulus. It can also be observed from Fig. 4 that at 2 wt% filler content, the
abrasion resistance of injection, and extrusion moulded HDPE/PALP composites was increased by 12.40%, and
13.63% respectively; while at 10 wt% filler content, the abrasion resistance of injection, and extrusion moulded
composites was increased by 17.92%, and 21.20% respectively. The observed slight increase in abrasion resistance
of the extrusion moulded composites when compared to the injection moulded ones may be attributed to the fact that
composites manufactured by compression or extrusion moulding has higher specific density which resulted in fewer
voids in the composites [12]. It may also be attributed to either or both of the following reasons, as previously ad-
vanced for other parameters of extrusion moulded samples, better mixing of the filler and matrix by the screws of

the extruder or cold-drawing (observed in extrusion and not in injection moulding technique).
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Fig. 3 Elongation at break of Injection and Extrusion Moulded HDPE/PALP Composites
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Fig. 4 Abrasion Resistance of Injection and Extrusion Moulded HDPE/PALP Composites
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Hardness of HDPE/PALP composites

The hardness (Shore D) of injection and extrusion moulded HDPE/PALP composites are illustrated in Fig. 5. It is
evident that the hardness of HDPE/PALP composites increased with increase in filler content for all the filler con-
tents investigated both for the injection and extrusion moulded composites. This observation is in agreement with
the findings of Onuegbu and Igwe [22] who reported that at a given filler particle size, the hardness of polypropyl-
ene composites increased with increase in the amount of filler incorporated into polypropylene. This was attributed
to the stiffer filler increasing the hardness of HDPE. Therefore, the more the incorporation of filler (PALP), the
greater will be the hardness of HDPE. From Fig. 5, it can also be seen that extrusion moulded HDPE/PALP compo-
sites have higher hardness values than the injection moulded HDPE/PALP composites for all filler contents investi-
gated. The hardness of the extrusion moulded composites at 2 wt% filler content was increased by 14.94%, while
that of the injection moulded composites was increased by 14.03%. Similarly, at 10 wt% filler content, the hardness
of the extrusion moulded composites was increased by 24.60% while that of the injection moulded composites in-
creased by 23.47%. As advanced earlier on the effects of filler content on tensile modulus of HDPE/PALP compo-
sites, the incorporation of fillers into polymers makes the latter harder and stiffer [17]. Therefore, the only plausible
reason that can be adduced that is responsible for the variation in hardness of the extrusion and injection moulded
HDPE/PALP composites can either be that there was better mixing of the filler and matrix by the screws of the ex-
truder than those of the injection moulding machine, or cold-drawing [15]. It has also been reported that composites
manufactured by compression or extrusion moulding had higher specific density which resulted in fewer voids in the
composites [12].

Flexural strength of HDPE/PALP composites

The effect of filler content on the flexural strength of injection and extrusion moulded PALP/HDPE composites is
shown in Fig. 6. It can be observed that the flexural strength of PALP/HDPE composites increased with increase in
filler content for all the filler contents investigated both for injection and extrusion moulded composites [23]. The
observed increases in flexural strength with increase in filler content is attributable to the better increased surface
area of filler in the matrix and the fact that the filler which is known to have high crystalline content, is strong and
stiffer than the matrix and is, therefore expected to share the load applied in the matrix effectively with the crystal-
line fibrils in it [24]. It was also observed that the flexural strength of the extrusion moulded composites were higher
than those of injection moulded composites for all filler contents investigated. As was advanced earlier, the observed
increases in flexural strength may be attributed to either one or both of the following: (i) better mixing of the filler
and matrix by the screws of the extruder, (ii) cold-drawing (observed in extrusion and not in injection moulding
technique) which is a physical treatment (carried out by the use of different rollers with varying speeds) that im-
proves the strength and other properties of polymer [15].
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Fig. 5 Hardness of Injection and Extrusion Moulded HDPE/PALP Composites
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Fig. 6 Flexural Strength of Injection and Extrusion Moulded HDPE/PALP Composites

CONCLUSIONS

From the study, PALP has proved to be a veritable alternative to the use of synthetic fillers in reinforcing plastics.
This can be justified from the results of this study which showed that the tensile strength, tensile modulus, abrasion
resistance, hardness and flexural strength of HDPE/PALP composites increased with increase in filler content for
both injection and extrusion moulded composites. Although, both injection and extrusion moulding techniques are
widely used in polymer processing, the present study has also proved that the extrusion moulding technique pro-
duced HDPE/PALP composites of slightly better mechanical properties than samples produced using injection
moulding technique. This is justifiable from the results of the mechanical tests carried out on the HDPE/PALP com-
posites processed using extrusion and injection moulding techniques which showed that the extrusion moulded
composites had higher tensile strength, tensile modulus, flexural strength, abrasion resistance and hardness than
composites processed using injection moulding technique for all the filler contents investigated while the injection
moulded composites exhibited higher elongation at break (EB) than the extrusion moulded composites for all the
filler contents investigated. Therefore, it is recommended that suitable processing techniques must be carefully se-
lected when processing polymers in order to obtain optimum composite properties.
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