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Agrowaste biocomposites were obtained using peanut husk filler and LDPE. The effects of agrofiller content and compatibilizer on
the mechanical and biodegradable properties of the composites have been discussed. Mechanical and biodegradable behaviour of
LDPE became noticeably worse when it was blended with agrofiller, due to poor compatibility between the two phases. The presence
of MAPE in the composites and its compatibility with the agrofiller, led to much better dispersion and homogeneity of agrofiller
in the matrix and consequently to improved properties. Water absorption and thickness swelling indices increased with increasing
filler content and were reduced on addition of MAPE. Furthermore, weight loss of composites via enzymatic degradation showed
that both composites were biodegradable even at high levels of filler addition. However, composites with MAPE exhibited lower
weight loss.

1. Introduction
The geometric increase in the prices of raw materials,
especially those obtained from oil and natural gas sector,
and the attendant obnoxious effects of their use on the
environment have triggered the strong desire in the use of
raw materials from botanical resources partly or wholly for
the production of plastic products. The polymers obtained
from this class of raw materials (petrochemicals) are not
easily degraded and form major sources of municipal solid
wastes. These polymeric wastes pose a great threat to the
environment because of their nondegradability and microbial
resistance. The time many synthetic polymers will take to
fully decompose is estimated to be around 50 decades and,
during the period, natural phenomena may be influenced by
the presence of these materials [1].
In order to solve the problems generated by these plastics
wastes, many attempts have been made to obtain an environmentally friendly material. Over the past few decades,
researches are focused on substitution of the petroleumbased plastics with biodegradable materials having similar
properties and being inexpensive. Biodegradable plastics
could be obtained from synthetic polymers such as polyvinyl

alcohol, polycaprolactone, and polylactic acid or from natural
resources such as cellulose, starch, and chitin. Recently,
the use of waste agricultural biomass from different plant
sources to prepare biodegradable composites with varying
properties has been studied [2–7]. The use of agrowaste fillers
in making polymer composites is necessitated due to the
competitiveness of natural fiber with consumable crops for
land use. These agrowastes are abundant, cheap, renewable,
and completely biodegradable. Agrowaste fillers when used
to reinforce the composites offer reasonable benefits when
compared to mineral fillers [8, 9]: light weight, being strong
and rigid, being environmentally friendly, being economical,
being renewable, and being abundant. These agrowaste composites offer excellent engineering properties and provide a
plausible environmental solution to handle municipal waste
disposal.
However, like other natural plant based resources,
agrowaste fillers have high moisture absorption tendency,
have poor surface adhesion to hydrophobic polymers, are
not suitable for high temperature applications, and have
susceptibility to fungal and insect attack. Presently, there
have been myriads of research works on the combinations of
agrowastes such as palm kernel shell [10], cocoa pod husk [2],
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rice husk [11], coconut shell [12, 13], oil palm agrowastes [8, 14,
15], peanut shell [16], and thermoplastic materials which had
successfully been developed.
Peanut (Arachis hypogaea) is a plant grown mainly for
its fruits and it is one of the world’s important edible crops.
The peanuts are often called groundnuts because their pods
(shells) develop underground. Nigeria is the leading peanut
growing country in Africa and the forth in the world after
China, India, and USA. The production of peanut generates
large quantities of waste peanut shells. Efforts to find utilization of these waste materials have resulted mostly in lowvalue or limited application [16]. Just as it is the case of other
cellulosic materials, peanut shells contain cellulose, hemicelluloses, and lignin microfibrils, which are grouped into
macrofibrils. Chemical compositions of peanut shell fiber was
found to be cellulose (35.7%), hemicelluloses (18.7%), lignin
(30.2%), and ash content (5.9%) [3]. Therefore, the utilization
of peanut husk (shell) as natural filler in polyolefins will
foster a new application route in the conversion of agrowastes
to useful resources for plastic industries. This promotes
the universal call for improved environmental sustainability
through the reduction of municipal solid wastes and “waste
to wealth” generation.
The physical and mechanical properties of thermoplastic
biocomposites depend mainly on the interaction between
the natural filler and the thermoplastic material. In the
production of thermoplastic biocomposites, the incompatibility between the hydrophilic natural filler and hydrophobic
thermoplastic matrix is an issue among researchers and
industrialists.
The presence of polar hydroxyl groups of the natural filler
is hardly wetted by the nonpolar polymer matrix and thus
often leads to poor mechanical properties when blended [17].
One way to improve this interaction is by the incorporation
of coupling agents such as compatibilizers. Maleated polymers such as maleated polyethylene (MAPE) and maleated
polypropylene (MAPP) are mostly used as coupling agents in
polyethylene and polypropylene based biocomposites. Several researchers have reported the reasonable improvement
on properties of biocomposites by adding maleated coupling
agents [18–20].
In this study, the addition of peanut husk filler to LDPE
has been considered as way of enhancing the mechanical and
biodegradable properties of polymeric materials obtained
from these composites. Therefore, the main objective of this
work is to investigate the effect of maleated PE and filler
content on the various properties of agrowaste filler polymer
composites.
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State, Nigeria. The husks were processed to obtain peanut
husk filler (PHF). The PHF mesh size used was 300 𝜇m.
2.2. Sample Preparation. Mixtures of peanut husk filler and
low density polyethylene were melt-blended in an extrusion
machine at a temperature of 120–150∘ C and a screw speed of
50 rpm to obtain PHF/LDPE composites. The PHF contents
range from 0 to 25 wt.% in the blends. Maleated polyethylene
(MAPE) was used as a compatibilizer at 5 wt.% based on the
filler loading. The liquid melt was extruded as flats sheets.
These sheets were oven-dried over night at 70∘ C to reduce
moisture content and kept in air tight container for at least
40 h according to ASTM D618.
2.3. Tensile Test. Tensile tests were carried out using a
universal Instron tensile tester 3366 according to ASTM D638
with the samples obtained as described. Tensile properties
were measured at room temperature at 5 mm/min crosshead
speed to obtain the tensile strength, elongation at break, and
Young’s modulus. Averaged values of five runs of each were
obtained.
2.4. Flexural Test. The flexural test was performed using
the same universal testing machine used for tensile test in
accordance with ASTM D790 with a three-point bending
geometry at a crosshead speed of 2 mm/min to evaluate the
flexural strength and modulus under a load cell of 1 kN.
Average values of five samples were calculated.
2.5. Impact Test. The impact test was conducted on notched
rectangular samples according to ASTM D256 using an
impact tester (IZOD Impact tester), with a 4.0 J hammer.
Average values were obtained from five runs for each sample.
2.6. Hardness Test. The hardness test of the composite samples was conducted using Lecco Vickers (LV 700) testing
machine according to ASTM D78. Average values of five runs
were calculated.
2.7. Water Absorption Test. The water absorption study of the
composites was determined according to ASTM D570. Cut
samples of dimensions 30 × 30 × 3 mm3 were dried in a
vacuum at 45∘ C for 24 h, weighed to get the initial dry weight
to the nearest 0.001 g, and then immersed in distilled water
for a period of 63 days. Weights of the samples were measured
after every 7 days to obtain the new change in weight. The
percent water absorption (𝑃wa ) was calculated as follows:
Percent water absorption (𝑃wa )

2. Experimental
2.1. Materials. The low density polyethylene (LDPE) matrix
used in this study was supplied by Ceeplast Industry Ltd.,
Aba, Nigeria. It has a density of 0.935 g/cm3 and a melt flow
index (MFI) of 16 g/10 min. Maleated polyethylene (MAPE)
was obtained from Sigma-Aldrich Chemical Corporation.
The agrowaste used as the reinforcing filler was peanut husks
and was obtained from a local market in Ehime Mbano, Imo

= 100 [(

(1)
Final dry wt. after immersion
) − 1] .
Initial dry wt. before immersion

2.8. Thickness Swelling Test. Thickness swelling test is akin to
water absorption test. Before testing, the initial thickness of
each sample was measured using a digital veneer caliper and
later immersed in distilled water at room temperature. After
7 days, the sample was taken out and dried before its new
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thickness was measured. The percent thickness swelling (𝑃ts )
was determined as follows:

24

= 100 [(

Final thickness
) − 1] .
Initial thickness

(2)

2.9. Enzymatic Degradation Test. The composite sample of
dimensions 30 × 30 × 3 mm3 is added into a conical flask
containing 30 mL acetate buffer (pH = 4.5) with cellulase concentration of 2 g/L. The mixture was then placed in a shaking
incubator at 55∘ C and shaken at 60 rpm for 54 h. After every
6 h, the sample was washed with distilled water and then
dried in a vacuum at 45∘ C for 24 h. The immersion medium
was refreshed regularly to maintain enzymatic activity. The
extent of enzymatic degradation (EED) was estimated from
the weight loss of the sample based on the following equation:
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Figure 1: Variation of tensile strength at different filler content.

EED (%)

16

(3)

3.1. Tensile Tests. Filler volume fraction and filler/matrix
interfacial adhesion are fundamental factors that affect the
mechanical properties of fiber-reinforced composites. The
quality of interfacial adhesion is dependent on a number of factors such as the nature of filler and polymer
components, the filler aspect ratio, the processing method,
and the treatment of the filler [21, 22]. The experimental
results of tensile tests of compatibilized CPHF/LDPE and
uncompatibilized PHF/LDPE composites are displayed in
Figures 1–3. These figures depict the tensile properties in
relation to the filler content. The addition of peanut husk
filler (amorphous in nature) reduced the tensile strength
which continuously decreased with increasing filler content
(Figure 1). The reduction in tensile strength could be due
to filler-filler interaction, which becomes more pronounced
than that of the filler-matrix interactions. Another factor
could be poor interfacial adhesion due to differences in
polarities between the polar agrowaste filler and nonpolar
LDPE matrix which could initiate and propagate sites for
failures. Similar observations have also been reported in our
previous work [23] and by other researchers using natural
fillers [11, 24–29]. The addition of MAPE improved the tensile
strength when compared with the corresponding PHF/LDPE
composites. This is because the reactive maleic anhydride
group on MAPE chemically reacted with hydroxyl group
of peanut husk filler surface and the MAPE was covalently
bonded to peanut husk filler through esterification.
This mechanism offers a better compatibility to LDPE
matrix and more efficient interfacial adhesion. The schematic
reaction of PHF, MAPE, and LDPE matrix is shown in
Figure 4. Improvement on tensile properties of biocomposites using maleated polyolefin has been studied [2, 25, 30–32].
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3. Results and Discussion
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Figure 2: Variation of elongation at break at different filler content.
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Figure 3: Variation of Young’s modulus at different filler content.
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3.2. Flexural Properties. For a composite to be considered as
structural materials, it must possess a considerable amount of
flexural properties. The flexural strength and flexural modulus of both compatibilized and uncompatibilized PHF/LDPE
composites of different filler loadings are shown in Figures 5
and 6, respectively.
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Figure 4: Schematic reaction between PHF, MAPE, and PE matrix.
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Figure 5: Variation of flexural strength at different filler content.
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The effect of filler content on the elongation at break of
the PHF/LDPE biocomposites is illustrated in Figure 2. It is
evident in the figure that the elongation at break decreases
with increasing filler loading. Reduction of elongation at
break is common since weakly or feasible bonds exist between
agrowaste filler and LDPE. At higher filler content, a drastic
reduction of elongation at break was observed and was mostly
common in biocomposites. Again, weak interfacial bonds due
to poor filler/LDPE interaction facilitated crack propagation
and thus composites fracture at lower value of elongation
was obtained with increasing filler content. Furthermore, the
addition of PHF stiffened the composites, thereby decreasing
their ductility. The elongation at break of the compatibilized
composites gave us better results than the uncompatibilized
composites. The same reasons earlier advanced for the tensile
strength, which greatly depend on the nature of the filler and
LDPE. The presence of MAPE functioned as a bridge between
two dissimilar materials.
Figure 3 shows Young’s modulus of the PHF/LDPE composites at different filler contents. It is evident that the
modulus increases with the addition of PHF into LDPE. The
presence of fillers hindered the polymer chain mobility of
LDPE matrix, in addition to the stiffness of the composite
[33, 34]. The rigidity of the composite could also be linked
to the cellulose contents of the peanut husk fillers. Young’s
modulus increase with filler content was in agreement with
other reported works [11, 29, 35, 36]. For the MAPE modified
PHF/LDPE composites, the introduction of the polar groups
in MAH enhanced the composites rigidity and compatibility
simultaneously and changed the intrinsic properties of the
matrix. Young’s modulus of the composite corresponded to
the intrinsic properties of the filler, where the filler may show
its high stiffness [36]. Above all, several researchers have
shown that the incorporation of compatibilizers enhances
interfacial bonding via steric stabilization [37] and good wetting and reduction in surface tension [38]. It could be possible
that similar scenario played out itself in this system above.
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Figure 6: Variation of flexural modulus at different filler content.

The neat LDPE polymer showed flexural strength of
21.104 MPa and increased linearly on addition of peanut husk
filler by 44.65% up to 25 wt.% PHF for uncompatibilized
PHF/LDPE composites as shown in Figure 5. This result
agrees with the findings of many researchers using natural
fillers to blend synthetic polymers; Tawakkal et al. [39]
observed an appreciable increase in the flexural strength
of the composite from 10 to 60 wt.% KDC (Kenaf-derived
cellulose) when compared to that of neat PLA (polylactic
acid), but they noticed that, above 50 wt.% KDC, the flexural
strength decreased with increasing KDC content. Similar
trend was also observed by Rahman et al. [40] where the
flexural strength increased with RH (rice husk) filler addition
up to 35 wt.% and beyond that the flexural strength decreased.
It is also observed that the flexural strength of PHF/LDPE
composites further improved by 67.58% on the incorporation
of MAPE which can be attributed to a well-formed interface
that allows better stress transfer from the matrix to the filler.
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3.3. Impact Strength. Figure 7 presents the effects of PHF
contents on the notched Izod impact strength of both compatibilized and uncompatibilized PHF/LDPE composites.
The figure shows that the impact strength increased with
filler content. At 25 wt.% filler content, PHF/LDPE had
impact strength of 49.38% increment. Similar results were
also obtained for different natural filler filled composites [36,
39, 40, 44] up to 35 wt.% content beyond which the impact
strength dropped.
The decrease in impact strength indicates that the amount
of matrix is probably not sufficient to transfer the stress
effectively during a sudden impact in combination with
the lower absorption characteristic of the filler [39]. It has
been observed that high filler content increases the chances
of fiber agglomeration, which results in regions of stress
concentration requiring less energy for crack propagation
[45]. Joseph et al. [46] reported that the impact strength
of fiber filled polymer composites depends on the nature
of the filler, the polymer, and fiber matrix interfacial bonding. The impact strengths of MAPE modified PHF/LDPE
composites were found to be higher than the unmodified
PHE/LDPE composites, thus achieving 20.95% increment
over the unmodified PHF/LDPE composites. This may be
attributed to the same reason earlier advanced for tensile and
flexural strengths.
3.4. Hardness Result. The hardness behavior of various PHF/
LDPE composites of different filler content for both with
compatibilizer and without compatibilizer is shown in
Figure 8. The figure indicates that the mean hardness
increased with increase in filler content. This may be linked
to the increase in stiffness occasioned by the presence of

35

Impact strength (J/m)

30
25
20
15
10
5
0

0

5

10
15
Peanut husk (wt.%)

20

25

CPHF/LDPE
PHF/LDPE

Figure 7: Variation of impact strength at different filler content.
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The addition of MAPE positively modified the adhesive
characteristics of the composite by improving the mechanical
interlocking between the PHF and LDPE and thus improves
the stress transfer during an applied load.
Figure 6 shows that the flexural modulus of PHF/LDPE
composites increased with the filler loading. The rigidity of
the PHF, combined with its higher content, may be linked to
enhanced bending modulus of PHF/LDPE composites.
The PHF might obstruct the free flow of the polymer
chain and thus restrict the ability of the polymer to deform.
Similar results have been also reported by other scholars
with various reinforcement materials [35, 36, 41, 42]. Flexural
modulus of PHF/LDPE modified with MAPE exhibited better result with a 50.33% and 18.57% increase over unmodified
PHF/LDPE and neat LDPE at 25 wt.%, respectively. This
could be linked to the improved interfacial bonding between
the filler and matrix. The increased composites stiffness
depends on the nature of the filler, filler content, and the
uniformity of the filler dispersion. These observations are
supported by Cañigueral et al. [43], who concluded that good
filler dispersion in the composite system could be confirmed
by observing the linear increase in the composites modulus.
The addition of MAPE offers a better bridging between the
filler and matrix via esterification reactions which results in
good stress propagation and improves mechanical characteristics.
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Figure 8: Variation of hardness at different filler content.

rigid fillers in the matrix. Composites with compatibilizer
exhibited higher values of hardness that the uncompatibilizer
composites. The increase in hardness of the compatibilized
composites may be due to stronger interfacial bonding of the
peanut husk filler and low density polyethylene matrix.
3.5. Water Absorption Study. Figures 9 and 10 represent the
water absorption indices of PHF/LDPE composites at different filler contents for compatibilized and uncompatibilized
PHF/LDPE composites, respectively. The degree of water
absorption in natural fiber reinforced composites is dependent on temperature, fiber content, orientation of fibers,
permeability of fiber, surface protection, area of the exposed
surface, diffusivity, void content, hydrophilicity of the individual components, and so forth [45]. Results indicated that
water absorption increased gradually with increase in filler
content, reaching a saturation point where the moisture
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of MAPE, show lower percentage of water absorbed relative
to PHF/LDPE without the compatibilizer (MAPE). This may
be due to the presence of less voids and cracks as a result
of good interfacial bonding which is formed between the
PHF/MAPE/LDPE as earlier discussed. It could be said
that the better the compatibility of the polymer composites
is, the greater the reduction of the penetrant molecules
into composites would be. This behaviour suggests that the
composites with MAPE have better compatibility between the
PHF and LDPE matrices than those without MAPE.
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Figure 9: Water absorption of CPHF/LDPE at different filler
content.
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3.6. Thickness Swelling Study. Thickness swelling study was
carried out simultaneously with water absorption procedure.
Figures 11 and 12 show the thickness swelling behaviours
of various PHF/LDPE composites. It can be clearly seen
that thickness swelling increased with immersion time and
filler content. Swelling occurs when the liquid diffuses within
the composite material and is absorbed by the composites.
When the immersion time of composites is increased, an
appreciable amount of water is absorbed, resulting in the
swelling of the filler and possible saturation of the cell walls.
This scenario can be related to the degree of the hydrolysis
mechanism of peanut husk filler of the composite in distilled
water. Above that, water exists as free water in the voids,
which leads to composite delamination or void formation [49,
50]. Compatibilized PHF/LDPE composites showed lower
thickness swelling compared to uncompatibilized PHF/LDPE
composites (Figure 11). The decrease in thickness swelling
may be attributed to the improved interfacial adhesion
between the filler and matrix. The presence of MAPE reduces
or eliminates microvoids and crack formation in the composites which ordinarily would have created pathways for the
water molecules to diffuse into the composites.
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Figure 10: Water absorption of PHF/LDPE at different filler content.

content almost remained constant. This observation is due to
the hydrophilic nature of natural filler which is responsible
for the water absorption in the composites by virtue of the
presence of abundant hydroxyl groups [39]. Thus, higher filler
content led to a higher amount of water being absorbed. It is
worthy to note that water molecules can wet the PHF/LDPE
composites easily and also penetrate into the composites
through voids with the resultant in higher water index in a
short exposure time [47, 48].
However, compatibilized PHF/LDPE composites exhibited lower percentage of water absorption in comparison with
the uncompatibilized components. Figure 10 shows that, at
each filler content, PHF/LDPE composites, with the addition

3.7. Enzymatic Studies. The enzymatic degradation of cellulose or cellulosic containing materials, typically characterized
by an insoluble reactant (cellulosic substrate) and a soluble
catalyst (enzyme-cellulase), is influenced not only by the
structural factors of the solid substrate but also by enzyme
related factors, such as enzyme source, product inhibition,
thermal inactivation, activity bonding and enzyme processability, and enzyme compatibility [51]. The weight loss due to
enzyme degradation of PHF/LDPE composites for both modified and unmodified composites is shown in Figures 13 and
14. It is observed that the extent of enzyme degradation (EED)
increased with increase in filler content and immersion time.
A higher degradation rate was observed for uncompatibilized
PHF/LDPE composites than the compatibilized PHF/LDPE
composites after 63 days of study. This trend was due to
the poor interfacial adhesion existing in PHF/LDPE which
facilitated the absorption of enzymes into the composites. At
high filler content, the PHF/LDPE composites absorb more
of the cellulase solution because of excess hydroxyl group
that enhanced the cellulase attack on the peanut husk filler.
Therefore, the peanut husk filler content affected the weight
loss of the composites. Similar results have been obtained by
Mohammad and Narges [52], Michael [53], and Azahari et al.
[54].
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Figure 11: Variation of thickness of CPHF/LDPE at different filler
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4. Conclusions
The main conclusions drawn from this work were as follows:
(1) A biocomposite was successfully fabricated from
peanut husk filler and LDPE and utilizing compatibilization modification process.
(2) Higher filler content in LDPE decreases the tensile
strength and elongation at break due to weak interfacial bonding between the PHF and LDPE matrices.
(3) Young’s modulus, flexural strength and modulus,
impact strength and hardness increased with increase
in filler content and the addition of MAPE into

3.7

6

12

18

LDPE/PHF5
LDPE/PHF10
LDPE/PHF15

24
30
36
Immersion time (h)

42

48

54

LDPE/PHF20
LDPE/PHF25

Figure 14: Enzymatic degradation of PHF/LDPE at different filler
content.

the composite is necessary to improve the tensile
properties.
(4) The modification of the PHF/LDPE composites via
compatibilization enhanced the interfacial adhesion
at the filler/matrix interphase as indicated by the
reduction in water absorption and thickness swelling
of the composites.
(5) Presence of compatibilizer (MAPE) improved the
interfacial adhesion between the filler and matrix
by lowering the percent weight loss via enzymatic
degradation of the PHF/LDPE composites as shown
by the compatibilized composites.
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