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Abstract. The need to produce biocomposites from agro-wastes materials with enhanced properties
informed the basis of this investigation. Composites were prepared from cassava peel, eggshell and high-
density polyethylene (HDPE) using an injection moulding machine. The study investigated the effects of
eggshell powder (ESP) loadings of 30 wt.% and cassava peel powder (CPP) loadings of 10, 20, 30 wt.%
on the mechanical, water absorption and biodegradable properties of HDPE composites. Results of the
determined mechanical parameters showed a significant decrease in the tensile strength, tensile modulus,
elongation-at-break, flexural strength, flexural modulus and impact strength as the CPP content increases.
The water absorption behaviour of the composites increased as a function of the duration of exposure,
while the biodegradable properties showed a steady decrease in the weights of the composites as a function
of time of exposure in the soil and filler content. The results have shown that the incorporation of CPP
and ESP into the polymer matrix provides significantly enhanced water absorption and bio-degradable
properties with retarded mechanical properties.
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Introduction

The non-biodegradability of synthetic plastics and the
reduction in fossil fuel production worldwide have
stimulated a search for alternative sources of raw
materials for the polymer industry. Synthetic plastics
and agricultural wastes have contributed significantly
to environmental pollution but the former contributes
more to the accumulation of solid wastes that are not
degraded. This has led to the search for new bio-
degradable materials with improved mechanical
properties for both domestic and industrial applications.
Furthermore, the demand for developing new polymeric
materials with enhanced properties has been on the
increase for the last few decades. This has led to the
continuous rise of mixing different polymers among
industries and researchers to meet these demands and
explore the potentials of newly developed polymer
products.

Polymer composites are formed from polymer resins
(thermoplastic or thermosets) and filler materials (organic
or inorganic) that are usually combined to produce a
blend with either superior or inferior properties from
that of the individual components as well to reduce the
cost of the desired end product (Owuamanam and Cree,
2020).
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The properties of these composites formed are usually
influenced by factors, such as the amount of filler,
materials’ characteristics and interfacial adhesion
(Liang, 2006; Osman et al., 2004). Polyethylene (PE)
is one of the most versatile and important polymeric
materials used for different applications. Often, the
materials are rarely applied as neat polymers due to the
restriction resulting from the melting point and swelling
of the hydrocarbon (Murugan ef al., 2018). To fulfill
the increasing demand for PE in polymer applications,
various additives, such as fillers, antioxidants, plas-
ticizers, flame retardants and stabilizers are added during
the compounding of polyethylene in a bid to achieve
the specifications and requirements of a particular
application.

There has been a rapid growth in the utilization of
natural fibre (e.g., wood and agro-wastes) as fillers
when compared to synthetic fibre (e.g., glass) in the
formation of composites. This is due to their renew-
ability, low cost, density and thermal conductivity, high
mechanical properties and nontoxicity (Boran, 2016;
Ifuku and Yano, 2015; Zulkifli ef al., 2015; Peng et al.,
2014; Eichhorn et al., 2010). Apart from these properties,
the need to apply a waste management approach by
converting some agricultural wastes generated in our
environment to value added products which aid the
production of biodegradable products is very essential
in the innovative concept of waste-to-wealth. Many
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studies have reported the preparation of composites
with varying properties using fillers that are agricultural
wastes such as, rice husk (Yap et al., 2020), palm kernel
shell fiber (Oladele et al., 2020), corn husk fibre (Ibrahim
et al., 2019), coconut husk (Ipilakyaa ef al., 2019 and
cassava cortex (Omabh et al., 2018). Cassava (Manihot
esculenta crantz), serves as a major staple food and
source of energy in most developing countries. Africa
remains the continent with the highest cassava production
about 230 million tons in 2012 which corresponds to
53% of world production (Pondja ef al., 2017). Large
of wastes are generated daily by amount cassava
processing industries and the impact on the environment
could be alleviated through proper waste management.
Cassava peel is an agro-industrial waste, obtained
mechanically by peeling the tubers and it is very rich
in carbohydrate. The chemical composition is cellulose
(9.7%), hemicellulose (32-36%), protein (3.7%), lignin
(16.89%) and ash (11.38%) which is subject to change
or vary probably due to different climatic conditions,
harvesting period, soil fertility and type (Nanssou
et al., 2016). Annually, cassava peels production in
Nigeria is about 450, 000 tons with a tendency to
increase (Ajao et al., 2009). These peels (periderm and
cortex) are usually discarded and allowed to rot and
decay. Many studies have reported the use of cassava
peels as feed, adsorbent, composites, briquettes and
treatment of mine water (Waheed and Akogun, 2021;
Akogun et al., 2020; Czaikoski et al., 2020; Oladele
et al., 2020; Omah et al., 2018; Pondja et al., 2017,
Edhirej et al., 2017; Schwantes et al., 2016; Simate and
Ndlovu, 2015; Apata and Babalola, 2012).

Calcium carbonate is perhaps the most commonly used
inorganic fillers for the production thermo plastics
(Chan et al., 2002; Bartczak et al., 1999). Chicken
eggshell, an agricultural by product obtained from
chicken, predominantly contains about 94% calcium
carbonate in the form of calcite (Karuppannan et al.,
2021), a trace amount of other compounds and organic
materials (Eletta ef al., 2016; Hassan et al., 2012;
Hussein et al., 2011). Many studies have reported the
use of eggshell as a reinforcer in polymer matrixes,
such as polypropylene, HDPE, Polyester, LDPE etc
(Murugan et al., 2018; Hassan et al., 2012; Hussein
et al., 2011; Shuhadah and Supri, 2009; Toro ef al.,
2007). There are other applications of eggshell
composites such as in ceramic (Ramesh et al., 2016),
particle board (Adediran ef al., 2019) and cementpaper
hybrid for ceiling boards (Adediran et al., 2020).
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Improved tensile modulus and increased crystallization
temperature have been observed with eggshell-
polypropylene composites (Ghabeer et al., 2013; Toro
et al., 2007). On the other hand, cassava peels have
shown to improve the crosslink density, tensile strength
and tensile modulus of natural rubber latex (Harahap
et al., 2016). The study investigates the concurrency
and feasibility of eggshell and cassava peel in the same
polymer matrix intending to produce more environmen-
tally friendly plastic products. Thus, some mechanical
properties (tensile, flexural, elongation at break and
impact), water absorption and biodegradable behaviour
of these composites were determined.

Material and Methods

The experimental procedure is schematically presented
in Fig. 1.

The high-density polyethylene (HDPE) (density 0.956
g/cm’, melt flow index 11 g/10 min) used for the study
was supplied by Indorama Petrochemicals Company
Ltd., Eleme, Nigeria. Cassava peels were obtained from
a local farmer in Kabangha, Nigeria. They were carefully
processed to obtain cassava peel powder (CPP) and the
mesh size used was 90um. Eggshells were also sourced
from local eateries around Elelenwo area of Nigeria.
The processed eggshell that was screened using the
same mesh size as CPP was used for composite
production.

Preparation of cassava peel and eggshell filled
composites. All the materials were oven-dried at 110
°C to constant weight and then stored in air-tight
containers. The moisture contents of the fillers were
also determined, while the compounding and production
of the composites were done at Ceeplast Industry, Ltd.,
Nigeria. The sieved eggshell powder ESP (30 wt.%),

Composites  Properties test

Cassava peel (CP
peel )f\‘ P

Neat polyethylene (PE) ——CP/ESIPE | Flexural strength

Eggshell (ES) \_/‘

Tensile strength

T ESIPE | Impact |

Water absorption

Biodegradation

Fig. 1. Schematic representation of the experi-
mental procedure.
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cassava peel powder CPP (10, 20, 30 wt.%) and HDPE
were mixed in different ratios to produce the final
composite. All the processing parameters are presented
in Table 1. They were introduced into the injection
moulding machine (4.6 KW, 10 H, Taiwan) through the
hopper at 200 °C. The mixture was melted into a paste
in the barrel of the machine at 220 °C and moved under
pressure at 60 rpm through the nozzle to the mould
where flat sheets measuring 160 mm x 160 mm were
ejected.

Mechanical properties. Tensile properties. Tensile test
was performed using Universal Instron Testing Machine
(model 3369). The composite samples were prepared
according to ASTM D638 at 25 °C and a fixed cross
head speed of 10 mm/min to obtain tensile strength,
tensile modulus and elongation at break. The results
presented are the average value of three runs for each
of the samples.

Flexural properties. The flexural test was also
determined using the same Universal Instron Tester per
ASTM D790, at a crosshead speed of 3 mm/min by
using three point bending geometry to evaluate the
flexural strength and modulus. The test was carried out
at room temperature and the average value obtained for
three runs for each of the samples was recorded.

Impact test. Notched 1zod Impact Tester was used on
the samples per ASTM D256 to determine the impact
strength of the composites. Different measurements
arising from the three runs were obtained for each of
the composites and the average value was computed.

Water absorption test. For the water absorption study,
ASTM D750-95 standard was used. The samples were

Table 1. Composition of CPP and ESP filled polymer
composites

Samples Weight composition (%)
PE CPP ESP
NEAT HDPE 200 - -
HDPE/CPP-10 190 10 -
HDPE/CPP-20 180 20 -
HDPE/CPP-30 170 30 -
HDPE/CPP-0/ESP-30 170 - 30
HDPE/CPP-10/ESP-30 160 10 30
HDPE/CPP-20/ESP-30 150 20 30
HDPE/CPP-30/ESP-30 140 30 30

HDPE = high density polyethylene; CPP = cassava peel
powder; ESP = eggshell powder.
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cut into dimensions measuring 4 cm x 4 cm, oven-dried
at 50 °C for 24 h and weighed to get the initial dry
weight (W;). The weighed samples were then introduced
into distilled water for 42 days. The weights of the
samples were measured at intervals of 7 days to
determine their weight gain. The percentage of water
absorption Table 2 was computed using the equation
below:

W= Wi 00

W

i

Water absorption Wa (%)

where:
W, = wet weight; W; = initial dry weight.

Biodegradation test. The biodegradation was determined
by the soil burial test. A modification of the method by
Riyajan et al. (2012) was used for the study. The com-
posite samples were cut into dimensions measuring 4
cm x 4 cm, oven-dried at 50 °C for 4 h and weighed to
obtain the initial weight (W;). The weighed samples
were then buried differently in different holes of depth
20 cm for a period of 100 days. Each of the samples
was carefully exhumed after 25 days regular interval
and the exhumed samples were washed, oven-dried for
4 h at 50 °C and then weighed. The weight loss was
recorded as weight after degradation time (Wy) and the
percentage rate of biodegradation Table 3 was calculated
using the equation below:

Wi— Wy

Biodegradation Br (%) =x 100

i
where:

Wi = initial weight of the samples; W4 = weight of the
samples after degradation time

Results and Discussion

Mechanical properties. The mechanical properties,
such as tensile strength and modulus, elongation at
break, flexural strength and modulus and impact strength
were affected by the incorporation of cassava peels
powder (CPP) and eggshell powder (ESP).

Figures 2-3 illustrate the variation of tensile strength
and tensile modulus with the filler loadings. The tensile
strength of the composites decreases with increasing
filler content. CPP-ESP filled composites exhibited
much lower tensile strength when compared to CPP-
filled composites and ESP-filled composite. This
decrease may be attributed to two factors, the interactions
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a) after / days

Samples Initial Initial Final Final Dwt (%) increase
wt(g) thickness wt(g) thickness
(mm) (mm)
Neat HDPE 6.44 3.04 6.44 3.04 0 0
190 g HDPE/10 g CPP 7.46 3.15 7.49 3.16 0.03 0.4
180 g HDPE/ 20 g CPP 7.53 2.86 7.54 2.87 0.01 0.13
170 g HDPE/ 30 g CPP 5.80 2.95 5.81 2.96 0.01 0.17
170 g HDPE/ 30 g ESP 7.25 3.02 7.28 3.04 0.03 0.41
160 g HDPE/ 10 g CPP/ 30 g ESP 6.33 3.01 6.42 3.02 0.09 1.42
150 g HDPE/ 20 g CPP/ 30 g ESP 7.16 3.04 7.20 3.05 0.04 0.56
140 g HDPE/ 30 g CPP/ 30 g ESP 7.64 3.03 7.65 3.04 0.01 0.13
(b) after 14 days
Samples Initial Initial Final Final Dwt (%) increase
wt(g) thickness wt(g) thickness
(mm) (mm)
Neat HDPE 6.44 3.04 6.46 3.05 0.02 0.31
190 g HDPE/10 g CPP 7.46 3.16 7.50 3.17 0.04 0.54
180 g HDPE/ 20 g CPP 7.53 2.87 7.57 2.88 0.04 0.53
170 g HDPE/ 30 g CPP 5.80 2.96 5.83 2.97 0.03 0.52
170 g HDPE/ 30 g ESP 7.25 3.04 7.33 3.05 0.08 1.10
160 g HDPE/ 10 g CPP/ 30 g ESP 6.33 3.05 6.45 3.05 0.12 1.90
150 g HDPE/ 20 g CPP/ 30 g ESP 7.16 3.05 7.24 3.06 0.08 1.12
140 g HDPE/ 30 g CPP/ 30 g ESP 7.64 3.04 7.66 3.04 0.02 0.26
(c) after 21 days
Samples Initial Initial Final Final Dwt (%) increase
wt(g) thickness wt(g) thickness
(mm) (mm)
Neat HDPE 6.44 3.05 6.47 3.06 0.03 0.47
190 g HDPE/10 g CPP 7.46 3.16 7.53 3.17 0.07 0.94
180 g HDPE/ 20 g CPP 7.53 2.86 7.57 2.87 0.04 0.53
170 g HDPE/ 30 g CPP 5.80 2.95 5.87 2.97 0.09 1.55
170 g HDPE/ 30 g ESP 7.25 3.07 7.37 3.09 0.12 1.66
160 g HDPE/ 10 g CPP/ 30 g ESP 6.33 3.05 6.46 3.07 0.13 2.05
150 g HDPE/ 20 g CPP/ 30 g ESP 7.16 3.06 7.27 3.07 0.11 1.54
140 g HDPE/ 30 g CPP/ 30 g ESP 7.64 3.04 7.70 3.04 0.02 0.78
(d) after 28 days
Samples Initial Initial Final Final Dwt (%) increase
wt(g) thickness wt(g) thickness
(mm) (mm)
Neat HDPE 6.44 3.04 6.49 3.06 0.05 0.78
190 g HDPE/10 g CPP 7.46 3.17 7.58 3.18 0.12 1.61
180 g HDPE/ 20 g CPP 7.53 2.87 7.63 2.89 0.10 1.33
170 g HDPE/ 30 g CPP 5.80 2.97 5.88 2.98 0.08 1.4
170 g HDPE/ 30 g ESP 7.25 3.10 7.40 3.10 0.15 2.07
160 g HDPE/ 10 g CPP/ 30 g ESP 6.33 3.7 6.49 3.07 0.16 2.52
150 g HDPE/ 20 g CPP/ 30 g ESP 7.16 3.06 7.27 3.07 0.11 1.54
140 g HDPE/ 30 g CPP/ 30 g ESP 7.64 3.05 7.72 3.06 0.02 1.04

Continued .......



218

Remy U. Duru et al.

(e) after 35 days
Samples Initial Initial Final Final Dwt (%) increase
wt(g) thickness wt(g) thickness
(mm) (mm)

Neat HDPE 6.44 3.06 6.50 3.07 0.05 0.98
190 g HDPE/10 g CPP 7.46 3.18 7.54 3.19 0.08 1.07
180 g HDPE/ 20 g CPP 7.53 2.88 7.62 2.88 0.09 1.20
170 g HDPE/ 30 g CPP 5.80 2.98 5.87 2.91 0.11 1.20
170 g HDPE/ 30 g ESP 7.25 3.09 7.44 3.11 0.19 2.62
160 g HDPE/ 10 g CPP/ 30 g ESP 6.33 3.07 6.66 3.09 0.33 4.27
150 g HDPE/ 20 g CPP/ 30 g ESP 7.16 3.08 7.30 3.11 0.14 2.09
140 g HDPE/ 30 g CPP/ 30 g ESP 7.64 3.06 7.74 3.07 0.10 1.31
(f) after 42 days

Samples Initial Initial Final Final Dwt (%) decrease

wt(g) thickness wt(g) thickness
(mm) (mm)

Neat HDPE 6.44 3.07 6.51 3.07 0.09 1.09
190 ¢ HDPE/10 g CPP 7.46 3.19 7.58 3.20 0.12 1.88
180 g HDPE/ 20 g CPP 7.53 2.88 7.63 2.89 0.10 1.33
170 g HDPE/ 30 g CPP 5.80 2.90 5.90 291 0.07 1.72
170 g HDPE/ 30 g ESP 7.25 3.11 7.58 3.13 0.33 4.55
160 g HDPE/ 10 g CPP/ 30 g ESP 6.33 3.09 6.67 3.13 0.34 5.37
150 g HDPE/ 20 g CPP/ 30 g ESP 7.16 3.11 7.46 3.12 0.24 3.35
140 g HDPE/ 30 g CPP/ 30 g ESP 7.64 3.07 7.65 3.09 0.15 1.96

between the filler-matrix and the filler-filler. The latter
effect is more pronounced for the CPP-ESP filled
composites which have an increased amount of the
content of different fillers, having different surface
features, thus resulting in a significant (HDPE/30
CPP/30ESP) decrease in their tensile strengths. Further-
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A HDPE/CPP M HDPE/CPP/ESP
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Fig. 2. Variation of the tensile strength of
HDPE/CPP and HDPE/CPP/ESP compo-
sites at different filler loadings (P-value
for both the CPP and ESP were less than
0.05).

more, the slightly higher tensile strength obtained for
the same ratio of CPP-filled composites (HDPE/30CPP)
when compared to the ESP filled composites (HDPE/
30ESP) could be due to better interfacial adhesion of
the filler-matrix which is dependent on the nature of
the filler and polymer. According to previous studies
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Fig. 3. Variation of tensile modulus of HDPE/CPP
and HDPE/CPP/ESP composites at different
filler loadings (P-value for both the CPP
and ESP were less than 0.05).
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a) after ays
Samples Initial Initial Final Final Dwt (%) increase
wt(g) thickness wt(g) thickness
(mm) (mm)
Neat HDPE 6.7 3.08 6.51 3.08 0.0 0
190 g HDPE/10 g CPP 8.12 3.19 8.10 3.18 0.02 0.25
180 g HDPE/ 20 g CPP 7.76 2.88 7.74 2.87 0.02 0.26
170 g HDPE/ 30 g CPP 5.92 2.90 5.88 2.88 0.04 0.68
170 g HDPE/ 30 g ESP 7.62 3.13 7.58 3.11 0.06 0.79
160 g HDPE/ 10 g CPP/ 30 g ESP 6.10 3.13 6.04 3.10 0.13 0.98
150 g HDPE/ 20 g CPP/ 30 g ESP 7.35 3.12 7.22 3.11 0.13 1.76
140 g HDPE/ 30 g CPP/ 30 g ESP 8.04 3.09 7.84 3.07 0.15 1.96
(b) after 50 days
Samples Initial Initial Final Final Dwt (%) decrease
wt(g) thickness wt(g) thickness
(mm) (mm)
Neat HDPE 6.72 3.07 6.71 3.07 0.01 0.15
190 g HDPE/10 g CPP 8.11 3.20 8.01 3.19 0.10 1.23
180 g HDPE/ 20 g CPP 7.74 2.89 7.64 2.88 0.10 1.29
170 g HDPE/ 30 g CPP 5.91 2.91 5.83 2.88 0.08 1.35
170 g HDPE/ 30 g ESP 7.60 3.13 7.48 3.11 0.12 1.58
160 g HDPE/ 10 g CPP/ 30 g ESP 6.10 3.13 5.97 3.09 0.13 2.13
150 g HDPE/ 20 g CPP/ 30 g ESP 7.33 3.12 7.15 3.11 0.24 2.45
140 g HDPE/ 30 g CPP/ 30 g ESP 8.03 3.09 7.81 3.07 0.15 2.74
(c) after 75 days
Samples Initial Initial Final Final Dwt (%) decrease
wt(g) thickness wt(g) thickness
(mm) (mm)
Neat HDPE 6.70 3.07 6.69 3.07 0.01 0.15
190 g HDPE/10 g CPP 8.11 3.19 8.00 3.17 0.11 1.36
180 g HDPE/ 20 g CPP 7.75 2.88 7.51 2.86 0.14 1.81
170 g HDPE/ 30 g CPP 5.91 2.92 5.79 2.89 0.18 2.09
170 g HDPE/ 30 g ESP 7.60 3.10 7.42 3.08 0.12 2.37
160 g HDPE/ 10 g CPP/ 30 g ESP 6.10 3.09 5.95 3.06 0.15 2.45
150 g HDPE/ 20 g CPP/ 30 g ESP 7.33 3.11 7.12 3.08 0.21 2.86
140g HDPE/ 30 g CPP/ 30 g ESP 8.04 3.09 7.78 3.06 0.26 3.23
(d) after 100 days
Samples Initial Initial Final Final Dwt (%) decrease
wt(g) thickness wt(g) thickness
(mm) (mm)
Neat HDPE 6.70 3.07 6.65 3.06 0.01 0.6
190 g HDPE/10 g CPP 8.11 3.19 7.78 3.17 0.11 1.99
180 g HDPE/ 20 g CPP 7.75 2.88 7.52 2.86 0.09 2.96
170 g HDPE/ 30 g CPP 5.90 2.98 5.71 291 0.11 322
170 g HDPE/ 30 g ESP 7.60 3.11 7.35 3.08 0.19 3.29
160 g HDPE/ 10 g CPP/ 30 g ESP 6.10 3.09 5.89 3.06 0.33 3.44
150 g HDPE/ 20 g CPP/ 30 g ESP 7.33 3.11 7.07 3.08 0.14 3.54

140 g HDPE/ 30 g CPP/ 30 g ESP 8.05 3.09 7.74 3.07 0.10 3.60
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(Gomes et al., 2007, Pracella et al., 2006), the quality
of interfacial adhesion is dependent on the method of
processing and filler treatment, aspect ratio and nature
of the filler and polymer components. Murugan e? al.
(2018) reported a decrease in the tensile strength, as
the ESP filler loading increases above 20 phr filler
loading, with optimum tensile strength obtained at 10
phr ESP loading. They stated that the agglomeration of
ESP causes the interfacial adhesion between HDPE
matrix and ESP filler to be weak. This implies that the
adhesion of the polymer (HDPE) to the filler (ESP) is
through a weaker bond, thus resulting to a significant
decrease in their tensile strength with the incorporation
of filler (CPP) at higher filler loadings for the CPP-ESP
composites. Similar observations in the trend of tensile
strengths have been reported in previous studies (Obasi,
2013; Mengeloglu and Karakus, 2008; Yang et al.,
2004; Hussein et al., 2001).

The tensile modulus for the composites also had same
trend as the tensile strength. Tensile modulus is a measure
of stiffness and resistance to stress, which often depends
on the orientation of a material. The reduction in the
tensile modulus with addition or increase in the fillers
infers weak and poor interfacial bonding resulting from
non-uniform interactions between the surface charac-
teristics of the filler particles and the HDPE matrix.
Due to the poor interfacial bonding, voids can open up
at the polymer-filler interface under tension and the
resultant cavitations can dramatically reduce the tensile
modulus of the composites. (Yang ez al., 2004) reported
that the decrease in the tensile strength and modulus is
due to the agglomeration that limits the load transfer
from the matrix to the fillers as well as the poor interfacial
bonding between filler and matrix polymer, thus causing
cracks to initiate and propagate easily. The resultant
cracks reduced the strength of the filled composites.
This afore mentioned effect is much more pronounced
for the CPP-ESP filled composites, with higher
reductions for higher filler fractions.

Figure 4 shows the reduction in the elongation-at-break
as a result of the increase in the filler loadings. Incorpo-
ration or addition of the fillers increased the hardness
and toughness of the composites which led to lower
elongation at break. The lower filler loadings for CPP-
filled composites showed higher values for elongation
at the break because of its better dispersions in the
matrix, which decreases as the filler loadings increase.
CPP-ESP filled composites have a much lower elonga-
tion at break when compared to CPP-filled composites,
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as the filler fractions increases. This reduc-tion may be
due to interaction and interference of both fillers (ESP
and CPP) in controlling the mobility of the polymer
matrix there by resulting to a discontinuous morphology
and extended surface area, thus leading to a reduction
in the elongation at break. Again, the incapability of
the filler to support the stress transfer from the polymer
matrix can result to a shorter elongation at break.
Again, weak interfacial bonds resulting from poor
adhesion of the fillers/HDPE interactions, facilitate
crack propagation, thus composites fracture at the lower
value of elon-gation which was obtained with increasing
filler content.

Figures 5a-b illustrate the variation of the flexural
strength and modulus of the composites. The flexural
strength and modulus decrease with the increasing
amount of filler fractions. The neat HDPE polymer
showed flexural strength of 18.44 MPa which decreased
on the addition of cassava peel powder (CPP) for the
CPP-filled composites and a more pronounced decrease
on the addition of both fillers (CPP and ESP) at different
filler loadings for the CPP-ESP filled composites. This
reduction may be attributed to the weak interfacial
bonding resulting from the uneven dispersion and
distribution of the fillers in the polymer matrix which
inefficiently hinders chain movement during defor-
mation. Another factor may be related to the non-
wettability of the fibre by the resin. The inability of
resin to wet fibre properly can lead to a reduction in
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Fig. 4. Variation of elongation at break of
HDPE/CPP and HDPE/CPP/ESP com-
posites at different filler loadings (P-value
for both the CPP and ESP were less than
0.05).
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Fig. 5a. Variation of flexural strength of HDPE/
CPP and HDPE/CPP/ESP composites at
different filler loadings (P-value for both
the CPP and ESP were less than 0.05).
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Fig. Sb. Variation of flexural modulus of HDPE/
CPP and HDPE/CPP/ESP composites at
different filler loadings (P-value for both
the CPP and ESP were less than 0.05).

the strength of materials under flexural loading
(Daramola et al., 2017).

Figure 6 showed the impact strength as a function of
the filler content. The addition of the ESP and CPP
decreased the stiffness of the HDPE gradually with
increasing filler fractions. The impact strength values
of the CPP-filled composites were higher than those of
the CPP-ESP filled composites except for the neat
HDPE. The significant reduction in their impact strength
may be attributed to fibre agglomeration resulting from
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the nature and higher amount of two different fillers
(CPP and ESP) and poor interfacial bonding resulting
from filler-matrix interactions. At lower filler loadings,
the composites absorb higher impact energy, which
decreases as the filler loadings increase. This is because
the fibre particles at lower filler loadings enhance better
interfacial bonding between the matrix and the fillers
and can distribute the energy within the particles. The
ability of the composites to absorb impact energy
decreases as the CPP and ESP filler loadings increase.
This reduction is more pronounced for the CPP-ESP
filled composites when compared to the CPP-filled
composites and ESP-filled composite. Furthermore, it
has also been reported that an increase in the number
of filler particles increases the chances of fibre agglo-
meration, resulting in regions of stress concentration
and thus requiring less energy for crack propagation
(Sreekala, 2007). According to Tawakkal ez al. (2012),
the amount of matrix is another factor, which may
probably be insufficient or capable of transferring the
stress effectively during sudden impact together with
the filler’s lower absorption features.

From the water absorption study, Fig. 7 showed that
the rate of water absorption in the composites increased
proportionately to their duration or exposure in water.
It can be seen that the CPP-ESP filled composite with
the composition ratio 16:1:3 showed the highest water
absorption when compared to the other composites.
This may be due to more pores, cracks or cavities arising
from its surface as observed by Sreekala ez al. (2000)
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Fig. 6. Variation of impact strength of HDPE/CPP
and HDPE/CPP/ESP composites at different
filler loadings (P-value for both the CPP
and ESP were less than 0.05).
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who stated that water absorption is a measure of the
material’s porosity. Also, Farahana et al. (2015) reported
that water absorption in a composite is facilitated by
the presence of agglomeration caused by in homo-
geneous dispersion of the fillers within the polymer
matrix. Again, the rate of water absorption in 30% wt
ESP-filled composite was higher when compared to the
CPP-filled composite of the same ratio. This may be
due to better interfacial bonding as can be seen from
their discussed tensile and flexural properties. Obasi

water absorption (%)
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Fig. 7. Effect of exposure time on the rate of water
absorption of the composites (P-value for
both the CPP and ESP were less than 0.05).
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Fig. 8. Effect of exposure time on the rate of
biodegradation of the composites (P-value
for both the CPP and ESP were less than
0.05).

Remy U. Duru et al.

(2015) stated that the better the compatibility of the
polymer composites, the greater the reduction of the
penetrant molecules into the composites.

From Fig. 8, it was found that the composites responded
to microbial attack after the first 25 days in the soil.
This could be attributed to the water uptake of the
composites when compared to the neat high density
polyethylene. It was also observed that the rate of
biodegradation was a function of exposure time in the
soil as there was a steady decrease in weights of the
composites as they remained in the soil. All the
composites showed linear degradation within the period
except for neat HDPE whose degradation was very
insignificant. Furthermore, the rate of biodegradation
of the composites increased with increasing filler
contents. For CPP-filled and CPP-ESP filled composites,
the samples with the ratios 17:3 and 14:3:3 have a
greater rate of biodegradation when compared to their
composites respectively. However, the CPP-ESP filled
composites showed the highest rate of biodegradation
to the amount of filler content when compared to all
the composites. This may be attributed to the reduction
in the volume of HDPE in the interstice of the matrix
caused by the agglomeration of the fillers. This made
the composites to be more susceptible to biodegradation
as a result of the increasing number of agglomerates
with increasing filler contents. Again, ESP-filled
composite (30%wt) showed a higher rate of biodegra-
dation when compared to the CPP-filled composite of
the same ratio. This may be attributed to poor interfacial
adhesion when compared to CPP-filled composites of
the same ratio.

Conclusion

The study has shown that the mechanical properties of
polyethylene decreased with the incorporation of CPP
and ESP. However, CPP-filled composites had better
mechanical properties when compared to CPP-ESP
filled composites. Also, the biodegradation and water
absorption studies showed that the incorporation of
CPP and ESP into PE synergistically improved their
biodegradation and water absorption properties, with
the CPP-ESP filled composites higher than the CPP-
filled composites. Therefore, the use of natural polymers
to blend polyethylene can trigger water absorption and
biodegradation. Summarily, the presence of eggshell in
CPP blended HDPE proved significant improvement
in the water absorption and biodegradation properties
with a decline in the mechanical properties. However,
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due to the improved biodegradable properties of the
composites formed, they have the potential to be used
in applications with low mechanical strength require-
ments, such as packaging films for food items and
pharmaceutical products. Furthermore, studies are
recommended in this area using coupling agent (poly-
ethylene graft maleic anhydride), chemical modification
of the fillers for improved mechanical properties or
using other natural fibres or materials.
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