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Abstract
Mitigation of the environmental burden associated with indiscriminate disposal of post-consumer low density polyethyl-
ene (LDPE) packaging material is receiving attention in recent times. There is a need to search for alternative reuse of the 
accumulating plastic wastes constituting pollutants in our environment. This work involves the preparation and evalua-
tion of the bio-composite samples from post-consumer low density polyethylene water sachets and parinari fruits shell. 
Biocomposite samples of filler percentages 10, 20 and 30% were produced. The mechanical properties of the samples 
were determined as function of filler content and particle size according to ASTM standards and confirmed with SEM. The 
samples had desirable hardness strength of 4568.9 N/mm2 and desirable biodegradability for 30% filler weight of parti-
cle size 4 mm. The biocomposite samples exhibited desirable impact (51.75 kJ/m2), tensile (10.02) and flexural strength 
(18.23 N/mm2) with the 10% weight samples. The findings in this study suggest that post-consumer LDPE wastes can be 
valorized by conversion to biocomposites using biomass wastes such as parinari shell as cheap value-addition material, 
providing a cheap potential waste management method for solving the global plastic waste crisis.
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1 Introduction

The environmental burden constituted by post-consumer 
plastic wastes which include low density polyethylene 
(LDPE) bags, films and sachets cannot be over-emphasized 
[1]. The havoc wreaked to the environment through incin-
eration of such plastic wastes and the problem of decreas-
ing landfill capacities have necessitated global research 
efforts to be directed towards the conversion of such pol-
ymer wastes to value added products [2]. More than 50 
million tonnes of post-consumer plastics wastes are gen-
erated yearly in Europe, USA and Japan [3] leading to ban 
of plastic bags in certain countries [1]. In most developing 
countries, LDPE sachet is commonly used for packaging 
water, resulting in large volumes of post-consumer plastic 
wastes that currently constitute a serious environmental 
challenge [4].

LDPE is widely used because of ease of processing 
which is enabled by LDPE macromolecules that are not 
tightly packed because the highly branched chain partly 
impedes alignment of the methylene chain. Other desir-
able properties include chemical resistance, flexibility, 
tensile strength, tear strength, even at relatively low 
temperatures [5–10]. Although, LDPE packaging materi-
als are durable and are able to preserve contents due to 
the unreactive nature they are non-biodegradable. This 
same durability property is unfortunately the reason for 
the lingering post-consumer plastic bags, films, sachet in 
the environment.

Recycling as a measure of addressing plastic waste pol-
lution challenge is associated with the weakness of unde-
sirable mechanical, thermal and other relevant properties 
of the recycled product [11]. Therefore, natural fibers have 
been harnessed as reinforcing filler in the polymer matrix 
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and to enhance biodegradability of the recycled plastics 
in biocomposites production [12]

Biocomposites are materials in which at least one of 
the components can be considered as bio-based. They 
are made from the combination of natural fiber (biomass) 
and a matrix with the resulting material having more desir-
able properties than either of the parent materials. Such 
advantages include imparting properties such as strength 
and biodegradability.

Several biomasses have been investigated as fillers 
in LDPE polymer matrix, these include breadfruit seed 
coat [13], olive stone [11], snail shell [14] wood fiber [15], 
palm kernel shell fiber [16], groundnut shell [17]. Recent 
works also reported other applications of LDPE waste as 
construction materials in plastic bonded sand block [9], 
lightweight concrete [18] and hydrophobic surface coat-
ing [19].

Natural fibers can be obtained from a variety of plants 
with lignocellulosic material. The fruit shell of Parinari poly-
andra Benth is a residue with relatively high lignocellulose 
content that has been scarcely harnessed. Parinari poly-
andra Benth (aka Maranthes polyandra Benth) is a Rosa-
cea family savannah plant that is available in West Africa 
extending from Mali to Sudan [20]. Ripe fruits of the plant 
are usually smooth and about 2.5 cm long having a deep 
red or blackish purple color depending on the variety 
(Fig. 1). The endosperm has a yellow white appearance 
with a thick seed coat containing the oily mass. The oil 
obtained from the seed kernel (up to 60% oil content) has 
been found to be suitable for alkyd resin synthesis with 
desirable drying characteristics [21, 22]. However, the 
fruit shells constitute a waste needed to be valorized to 
enhance the oil production process. The thermochemical 
properties obtained for parinari fruit shell including ulti-
mate, inorganic, and proximate analyses have been earlier 
reported [20]. This work reports the utilization of parinari 
fruit shell for biocomposite preparation for the first time.

2  Materials and methods

2.1  Materials

The post-consumer polyethylene water sachets were col-
lected locally from restaurants at the University of Ilorin, 
Ilorin, Kwara State, Nigeria while parinari fruits shells 
were obtained from Chemical Engineering Research 
Laboratory, University of Ilorin as residues of parinari oil 
production process. The parinari fruits were originally 
harvested from trees at the same campus.

2.2  Methods

2.2.1  Filler and matrix materials preparations

The biomass filler material, parinari fruit shells particle 
(PFSP) was prepared from parinari fruit shells. The shells 
were cleaned to remove sands and other impurities 
and sundried for 5 days. Size reduction was achieved 
for about 1 kg of dried parinari fruit shells with the use 
of hammer milled pulverizing machine. The particles 
obtained (Fig. 2) were categorized using BS sieves of 
mesh numbers 5, 20 and 40 into  X1,  X2 and  X3 which cor-
respond to 4, 0.84 and 0.42 mm parinari fruit shells par-
ticle (PFSP) sizes respectively of uniform particle sizes. 
The waste polythene sachets were sorted, rinsed with 
distilled water at room temperature and sundried for 
5 days. The films were then shredded to about 1 cm2 size.

2.2.2  Preparation of PFSP‑polyethylene composites

X g of the polyethylene shreds were charged into a hot 
plate-heated saucepan and allowed to melt for about 
8 min. The melting occurred within the temperature of 
100–110 °C. Then, Y g of PFSP filler in the required quan-
tity (5, 10, 15 g to corresponding to 10, 20 and 30 wt% 
filler concentrations) was added to the polyethylene 
melt and mixed thoroughly with a stirrer until a uniform 
distribution of the filler through the melt is achieved. 
Stirring of the filler into the polymer melt in the hot 
saucepan was done for 3–4 min while heating continued. 
The procedure was followed to achieve 50 g composite 
mixture of 10, 20 and 30 wt% filler concentrations.

The heated composite mixture was then transferred 
into a 200 × 25 × 15  mm mould (Fig.  3) coated with 
about 1 g grease as release agent to ensure conform-
ity of the composites to the shape of the mould with 
the aid of ramming stick. The compounded material 
was allowed to remain in the mould for about an hour 
after which samples were removed from the mould and Fig. 1  Parinari polyandra B. fruits
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allowed to solidify further for an average of 4 h at room 
temperature.

2.2.3  Characterization of PFSP‑polyethylene composite

2.2.3.1 Tensile strength The tensile tests were con-
ducted on the biocomposite samples according to the 
ASTM D638 standard using a testometric universal test-

ing machine (TUTM) model FS50AT (Testometric Co Ltd., 
UK). Specimens of 8 mm thickness were cut out using the 
mould. Two specimens/composition were used to obtain 
average values for tensile strength, elongation at break, 
and Young’s modulus.

2.2.3.2 Compression strength The tensile strength of 
the biocomposites were tested using a universal test-
ing machine according to the ASTM D695 standard. 
Tensile tests were carried out with the Universal Testing 
Machine. Specimens of dimension (50 × 50 × 25  mm3) 
were cut out using a mould of the same dimension. Two 
specimens were used to obtain average values for the 
compressive strength.

2.2.3.3 IZOD impact test The impact tests were done 
according to ASTM D256 standard on Avery Denison 
150  J Impact testing machine, Model 6705U/33,122, 
Avery, California U.S. The tests were repeated using the 
IZOD scale while the mean values were recorded. The 
impact strength is a measure of the amount of energy 
that a material can absorb before fracturing under a 
high rate of deformation. The test is important because 
it is related to the product performance, service life and 
influences the important issues of product safety.

Fig. 2  LDPE/PFSP composite preparation

Fig. 3  Metal moulds
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2.2.3.4 Flexural test The flexural test was achieved using 
the same universal testing machine used for tensile test 
in accordance with ASTM D790 with a three-point bend-
ing geometry at a crosshead speed of 2 mm/min to evalu-
ate the flexural strength and modulus under a load cell of 
1 kN. Mean values of the duplicate samples were obtained.

2.2.3.5 Hardness test The Brinell hardness test was car-
ried out according to ASTM D78 to determine the hard-
ness of the biocomposites. Mean values of duplicate tests 
were obtained for each filler-matrix composition.

2.2.3.6 Water absorption The water absorption study of 
the composites was determined according to ASTM D570. 
Samples were dried and immersed in distilled water and 
weighed at the end of 24 h (short term test) then for 4 days 
(long term test) to obtain the new changes in weight.

2.2.3.7 Morphology evaluation Morphological evalua-
tion of the biocomposite was carried out by a scanning 
electron microscope SEM. The tensile fracture surfaces of 
the samples  X1–30% and  X2–10% were observed to study the 
relation between the morphology of the samples and the 
property changes/differences.

2.2.3.8 Biodegradability test The samples were cut into 
rectangular shapes (100 × 25 × 15  mm3) and buried in 
the natural soil around the chemical engineering labora-
tory, University of Ilorin. The ferruginous sandy soil was 
well-drained having sandy loamy surface and high sand 
fraction with soil pH of about 6 [23]. The test was carried 
out according to ASTM D5988. The biocomposites were 
buried in the soil and exhumed every 7  days, washed, 
dried, weighed and the samples were returned into the 
soil. The test was carried out for 5 weeks. The buried speci-
mens were collected from the soil and the dirt removed 

by washing and drying. The weight of the sample before 
and after immersion into the natural soil was recorded. 
The degradation of the biocomposite samples was deter-
mined by observation of the changes in weight, shape, 
dimension and physical appearance [24].

3  Results and discussion

3.1  Composite characterization

3.1.1  Tensile strength

The tensile strength results were as shown in Fig. 4. Sam-
ples with particle size  X2 (0.84 mm) and  X3 (0.42 mm) 
showed a decreasing trend with increase in percentage 
of fibre content with the 10% fibre compositions pos-
sessing the highest stress bearing property before failing 
(fracture). This trend was also observed initially for particle 
sizes  X1 (4 mm) but for the 30% filler content. Observing 
the effect of the particle size variation on the PFSP/LDPE 
biocomposite, the particle size  X2 (0.842 mm) has the high-
est tensile stress property. This decreasing trend in tensile 
strength could be attributed to increasing filler-filler inter-
action which in comparison with the filler-matrix interac-
tion could be more pronounced [17]. Another factor that 
could contribute to this reduction in tensile strength 
could be poor interfacial adhesion between the polar 
fiber and the nonpolar LDPE matrix which could initiate 
failure. Though the reason for the optimal tensile strength 
achieved at  X2 is not completely understood, it is most 
likely attributed to the more suitable particle size.

Figure 5 shows the Young’s modulus results for the sam-
ples. Young’s modulus seems to follow an increasing trend 
considering the variation of the filler composition. Young’s 
modulus increased with increasing filler concentration in 

Fig. 4  Tensile strength perfor-
mance of the biocomposites 
with variation in filler composi-
tion (10, 20 and 30%) and 
particle sizes  (X1,  X2 and  X3)
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 X2,  X3 and partly in  X1. The samples with 10% filler content 
also followed the increasing trend of Young’s Modulus with 
particle size distribution. This increase is attributable to 
the inclusion of the filler with relatively higher stiffness 
which tend to stand as obstacle to the movement of dislo-
cation while the load is transferred from the matrix to the 
filler particles [16]. Particle size  X2 has the highest Young’s 
modulus at 20 and 30% filler contents. Hence, higher stiff-
ness was imparted to the composite with the filler. Highest 
stiffness would have been expected from  X1 samples but 
poor interfacial adhesion between the polar fiber and the 
nonpolar LDPE matrix seems to be more pronounced in 
larger particles leading to fracture.

Figure 6 shows the stress strain properties for the bio-
composite samples. It was observed that sample  X2–30% 
(green curve) has higher brittleness compared to sample 
 X2–10% (yellow curve) which has lower filler content for the 

same particle size. Hence, sample  X2–10% exhibited higher 
ductility and higher tensile strength compared to sample 
 X2–30%. This implies that ductility decreased with increase 
in parinari particle contents. This phenomenon is attribut-
able to the reduced fibre-matrix interaction with the pres-
ence of more fibre contents.

3.1.2  Flexural strength

Figure 7 shows the flexural strength of the biocomposite 
samples, indicating an overall decrease with increase in 
filler content. Also, considering the particle sizes  X1 and  X3, 
the flexural strength of these composite samples increased 
up to 20% after which it decreased. This result is similar to 
that obtained for peanut husk/LDPE biocomposite which 
increased up to 25% before decreasing with increase in 

Fig. 5  Variation of Young’s 
modulus with different filler 
content and particle size
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of the PSFP- LDPE biocom-
posites

0

2

4

6

8

10

12

14

0 2 4 6 8 10 12

St
re

ss
(N

/m
m

²)

Strain (%)

Test 1

Test 2

Test 3

Test 4

Test 5

Test 6

Test 7

Test 8



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:1828 | https://doi.org/10.1007/s42452-020-03641-x

filler content. This result is similar to those obtained in 
literature for natural fibre-filled polymer composites [17].

In Fig. 8, the flexural modulus of the composite favoured 
larger particle sizes at 20% filler contents. The increased 
bending modulus of the PFSF/LDPE composite can be 
traced to the rigidity imparted by PFSP which increased 
with particle size at 20% fibre content. The fibre in rein-
forcing the polymer could obstruct the free flow of the 
polymer chain and in doing so restrict the ability of the 
polymer to deform. Similar results have been obtained in 
literature [9].

3.1.3  Impact strength

Figure  9 shows that the impact strength decreased 
with increase in filler content while it seems to increase 
with decrease in particle size with  X3 (0.421 mm) show-
ing relatively higher impact strength owing to good 
fibre-matrix interfacial bonding with smaller particles. 
The decrease in impact strength indicates that the 
amount of matrix is not sufficient to distribute the stress 

effectively during a sudden impact [11]. This result is in 
line with earlier literature on LDPE. High filler content 
increases filler agglomeration, resulting in regions of 
stress concentration which require less energy for crack 
propagation.

3.1.4  Hardness test results

Figure 10 compares the hardness properties of the each 
biocomposite sample with respect to filler content 
and particle size. For particle size  X1 (4 mm) the hard-
ness property increased with increase in filler content. 
The increase of the hardness can be attributed to the 
increase in stiffness caused by the presence of rigid 
fillers in the polymer matrix and the size of the matrix.
[17]. However, the particle sizes  X2 (0.841 mm) and  X3 
(0.421 mm) showed a decrease and increase in magni-
tude for the 20% filler content and 30% filler content 
respectively.

Fig. 7  Variation of flexural 
strength with filler content and 
particle size
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3.1.5  Compressive strength

The compressive strength results indicated fair compres-
sive strength property for all the samples. At maximum 
load applied (16.276 N/mm2), there was no crack or frac-
ture observed on the samples. The biocomposite com-
pressed and increase in density upon each loading from 
the testing machine. This is indicative that the biocompos-
ite is not suitable for applications where high compressive 
strengths are required.

3.1.6  Water absorption test

The water absorption test revealed that the biocompos-
ite absorbed water after being immersed in water for four 
days with consecutive measurement of the weight for the 
period of study. The amount of water absorbed by the 

Fig. 9  Variation of impact 
strength with filler composi-
tion
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biocomposite is a function of the temperature, fiber con-
tent the orientation of the fibres, permeability of the fibre, 
area of surface exposed, diffusivity, hydrophilicity of the 
individual components amongs others [25].

Water absorption test results in Fig. 11 show that the 
biocomposite samples absorbed more water with increase 
in filler content. This is expected as the hydrophilic nature 
of the lignicellulosic parinari fruit shell fiber can be linked 
to the amount of water absorbed. This is by virtue of the 
hydroxyl group present in abundance due to its cellulosic 
content. The presence of voids and cracks in the biocom-
posite can also contribute to the overall amount of water 
absorbed [11, 16]. With more 20% filler content, water 
absorption became undesirably more prominent. Water 
absorption poses a challenge to the outdoor application 
of natural fiber-filled composites.

3.1.7  Surface morphology

The SEM micrographs of the samples  X2–10% and  X1–30% 
which showed more desirable properties are presented 
in Fig. 12. In a composite system in which a filler is incor-
porated into a polymer matrix, the morphology confers 
a strong effect on the mechanical properties. It is there-
fore imperative to observe the morphological changes 
of the system closely with the changes in mechanical 
properties. These samples showed the most favourable 
mechanical properties overall when compared with the 
rest of the samples. From the micrographs in Fig. 12, sam-
ple  X2–10% has an almost uniform distribution of the filler 
particles in the matrix. This uniformity of distribution is 
responsible for the ease of transfer of stress throughout 
the biocomposite sample, hence, the improved tensile 
stress, flexural strength, young modulus, ductility, water 
absorptivity. On the other hand, sample  X1–30% has the 
filler particles not as evenly dispersed through the matrix 

which might be responsible for it relatively lower per-
formance compared to  X2–10% with respect to the above 
listed mechanical properties [16]

For sample  X1–30%, the particle size (4  mm), how-
ever, has a positive influence on the recorded hardness 
which happens to rank highest overall and also on the 
compressive strength of the sample [24, 26].The poor 
performance under the other tests can be attributed to 
two factors: fibre agglomeration and poor fibre-matrix 
interaction. Interfacial adhesion between the particles 
and the matrix as well as good particle distribution in 
the matrix usually imparts good mechanical proper-
ties. However, poor adhesion between the filler and the 
matrix causes decrease in interfacial adhesion and is 
the reason for reduced mechanical performance. Simi-
lar findings were reported in literature [27, 28]. Table 1 
shows the elemental compositions of samples  X2–10% and 
 X1–30%.

3.1.8  Biodegradeablity test

Table 2 shows the results of the biodegradeability test 
on the biocomposite samples. It was observed that the 
percentage weight reduction is a function of the particle 
size of the filler and the filler composition. The percent-
age weight reduction increased with decrease in the par-
ticle size. This is so because a lower particle size means 
increased surface area available for aerobic degradation/
decomposition [24]. Sample  X3–30% had the greatest per-
centage weight decrease because it had the smallest 
size of filler particles (0.421 mm) and filler composition. 
This is because there is more fibre material available for 
decomposition. Hence, smaller particle size and higher 
filler contents favoured biodegradability of PFSP/LDPE 
composite.

Fig. 12  SEM micrographs of 
the samples  X2–10% and  X1–30% 
respectively
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4  Conclusion

Biocomposites were succesfully produced from postcon-
sumer LDPE water sachet polymer matrix using parinari 
fruit shell biomass wastes for reinforcement. The material 
exhibited satisfactory mechanical properties indicating 
desirable impact, tensile, and flexural properties which 
were influenced by filler content and particle sizes. 
The composite has good flexural, tensile and impact 
strength properties up to 20% filler composition. Hard-
ness increased with filler content and particle size. The 
biocomposites have good ductility and are biodegrad-
able. The new biocomposite possess relatively high com-
pressive strengths suitable for applications where high 
compressive strengths are required. Conversion of post-
consumer LDPE water sachet to biocomposite can be 
easily adopted as a cheap value added waste manage-
ment process for low economy and a potential means of 
solving the global plastic waste crisis.
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