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ABSTRACT

The mechanism of polymer reinforcement by fillers is not yet fully understood and is the subject of many publications in the scientific literature. 
In general, the properties of filled polymers change with the dispersion state, geometrical shape, and surface quality of the filler particles as well 
as the particle size. In this work, the mechanical behaviors of kolanut (KN) filled low-density polyethylene composite were studied. Different 
quantities of polyethylene-grafted maleic anhydride coupling agent were added to aid the adhesion between the polymer and the filler. The 
composite samples were produced using an injection molding machine. The addition of KN as filler into low-density polyethylene at the two 
particle sizes (0.30–0.45 µm) led to a decrease in tensile strength but increased the energy at breakage, modulus, impact strength, hardness, and 
flexural strength of the composite. The incorporation of coupling agent led to the increase in tensile strength and tensile strain. However, these 
characteristics decreased with increase in coupling agent content. Energy at break, modulus, impact strength, hardness, and flexural strength 
were enhanced further as coupling agent was incorporated into the composites.
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INTRODUCTION

Natural fillers are hydrophilic and this makes them incompatible 
with polymer matrices which are hydrophobic in nature, 
consequently, to improve the mechanical properties of natural 
filler-reinforced polymer composite, it has become necessary 
to increase fiber-matrix adhesion through the incorporation of 
coupling agents.

Moreover, to achieve desired dimensional stability, strength, 
and other requirements in the application, filler plays a key role 
in plastics industry. The performance of polymer composites 
depends on the filler dispersion, the interactions formed at 
the polymer-filler interaction and the filler properties. The 
dispersion of filler in a polymer resin is important to arrive at 
expected application performance. For this to be achieved, a 
coupling agent can be used. A coupling agent is a chemical 
which improves the adhesion between two phases in a 
composite material.[1,2] Coupling agents can be organosilanes, 
unsaturated acids, organometallics, acid-functionalized 

polymers, polymeric dispersants, and waxes (polyethylene 
and polypropylene).[3]

Coupling agents can be used as dispersion enhancers in filling 
polypropylene/polyethylene master batch, flame retardant 
master batch, and degradable master batch because of its 
ability to interact with pigments, dye, and flame retardants. 
Coupling agents are dispersing agents that optimize the 
distribution of fillers in composites and during dispersing 
process, the coupling agents help to cover the newly formed 
surface of the aggregates and primary particle, thereby avoiding 
agglomeration of particles. Coupling agents can also be used 
as polarity enhancer. It does this by enhancing the polar group 
in the thermoplastic chain due to its excellent flexibility and 
compatibility.

The mechanism of the grafting reaction is shown in Equation 
1 where the carbon-carbon unsaturation of the maleic 
anhydride group forms the bond with the polymer chain 
leaving the anhydride group free to react as an anhydride in 
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the newly formed polymer. The polar anhydride group on the 
polyethylene imparts the properties to the grafted polymer 
that makes these polymers good couplers for natural filler in 
polyethylene.

Structure of maleic anhydride grafted polyethylene (MAPE) 
Equation 1.

Composites are made from combinations of two or more 
materials present as separate phases and combined to 
form desired structures so as to take advantages of certain 
desirable properties of each component.[4] The constituent 
of composites is the reinforcing agents which transfer 
stresses in the composite thereby improving the mechanical 
and physical performances and help to maintain fiber 
loading uniformity by reinforcing fibers along with flow 
as the matrix is moved on the mold. Another component of 
composites is the matrix which has many desirable physical, 
chemical intrinsic, or processing properties which can be 
improved by reinforcement to obtain certain engineering 
characteristics such as creep resistance, tear resistance, and 
tensile strength.

The example of polymer matrix is polyethylene which is 
classified mostly according to their branching and density. 
It can be high-density polyethylene, linear low-density 
polyethylene, and low-density polyethylene.

Low-density polyethylene (LDPE) has a density range of 
0.910–0.40 g/cm3. It is not reactive at room temperature, 
but with strong oxidizing agents, it can be reactive at room 
temperature. It is translucent of opaque, flexible, and tough 
but breakable. It has weak intermolecular forces, its molecules 
are less tightly packed and less crystalline and are resistance 
to aldehydes, vegetable oils, ketones, dilute and concentrated 
acids, alcohols, bases, and esters.[5]

The natural fillers are obtained from plants and animals. 
Example is kolanut (KN) which is a nut of kola tree with 
botanical name Cola acuminata. KN consists of caffeine 
(2–3.5%) and theobromine (1.0–2.5%), and it is highly toxic 
to the body. Excess intake of kola nut causes fever due to the 
presence of caffeine.[6]

Polyolefin maleated polymers have been utilized as coupling 
agents in polyethylene and polypropylene composites and 
are reported in literature for improving the mechanical 

properties of the composites as the result of strong interfacial 
bonding.[7,8] Furthermore, Jianjian et al.[9] used silane coupling 
agent as polarity enhancer in their study. Feiwen et al.[10] 
incorporated coupling agents in the filling of polypropylene 
with bamboo.

In this study, effect of coupling agent on the mechanical 
properties of KN filled LDPE is studied.

MATERIALS AND METHODS

Materials
In this study, the LDPE used was gotten from Indorama Petro 
Chemical Company Limited Eleme, River State, Nigeria. The 
filler (KNs) used was locally sourced from Nkwo Mbaise 
Market, Ezinihitte Mbaise Local Government Area, Imo State, 
Nigeria. The KN s were washed, sun-dried, ground, and sieved 
to two particle sizes of 0.30–0.45 µm mesh sizes. MAPE, a 
product of Sigma-Aldrich Chemie GmbH, Germany, was used 
as coupling agent.

Composite Preparation
The KN filled LDPE at 0.30–0.45 µm particle sizes, at different 
KN contents (0–5 wt.%), and at calculated quantities of MAPE 
(0, 1, 1.5, and 2.5) was processed as previously discussed for 
0.25 µm particle size LDPE composites.[11]

Testing
The mechanical behaviors of LDPE/KN composites were 
obtained using standard procedures previously discussed.[11]

RESULTS AND DISCUSSION

Mechanical Characteristics
The mechanical characteristics of LDPE/KN/coupling agent 
at 0.30–0.45 µm in the presence of different contents of the 
coupling agent are illustrated graphically in Tables 1 and 2 
and in Figures 1-7.
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Figure 1: Graph of tensile strength of low-density polyethylene/
kolanut/maleic anhydride grafted polyethylene composite at 

0.30–0.45 µm particle sizes
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Table 1: The effect of powder KN and coupling agent (MAPE) contents on the characteristics of LDPE composite at 
0.30 µm particle size
Coupling agent 
content (%)

KN 
powder 

(%)

Tensile 
strength 
(MPa)

Strain at 
break (%)

Energy at 
break (J)

Tensile 
modulus 
(MPa)

Impact 
strength 

(J/m)

Hardness 
(BHN)

Flexural 
strength (MPa)

Virgin material 0 11.228 341.498 61.704 31.758 2.800 17.900 10.160
0 1 9.000 198.678 60.567 44.235 2.900 20.000 10.610

2 8.321 189.021 65.898 46.456 3.100 22.560 12.150
3 8.021 180.678 68.234 48.323 3.200 24.670 15.670

4 7.000 168.523 70.578 50.489 3.300 27.780 16.120
5 6.852 158.824 74.618 51.678 3.400 30.470 18.210

1 1 10.102 200.235 70.345 45.436 4.000 20.800 12.560
2 9.523 198.923 80.778 48.678 4.500 23.210 17.140
3 9.100 188.273 82.693 50.234 4.800 26.600 20.570
4 8.234 179.568 85.467 52.578 5.200 30.780 23.340
5 8.210 165.235 87.245 54.478 5.300 32.670 25.480

1.5 1 8.523 164.56 80.352 48.373 4.300 22.150 20.670

2 7.923 159.78 84.456 50.689 4.700 25.650 22.350
3 7.489 150.32 86.579 53.845 5.000 28.580 25.790

4 6.723 148.56 87.321 55.213 5.300 32.960 26.230
5 6.105 141.78 90.253 60.313 5.600 36.230 28.770

2.5 1 7.824 151.4 81.679 50.124 4.700 23.768 23.130
2 6.435 145.25 85.792 52.356 4.900 26.278 25.660
3 6.362 138.45 87.679 55.679 5.200 30.678 28.230
4 6.256 130.57 90.213 60.789 5.500 34.870 30.570
5 5.0710 128.68 93.578 62.349 5.700 37.123 32.660

LDPE: Low-density polyethylene, KN: Kolanut
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Figure 2: Graph of strain at break of low-density polyethylene/
kolanut/maleic anhydride grafted polyethylene composite at 

0.30–0.45 µm particle sizes
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Figure 3: Graph of energy at break of low-density polyethylene/
kolanut/maleic anhydride grafted polyethylene composite at 

0.30–0.45 µm particle sizes

Tensile Strength
The effect of KN powder contents and coupling agent (MAPE) 
on the tensile strength at 0.30–0.45 µm particle sizes is 
illustrated in Tables 1 and 2 and Figure 1. It can be observed 

that the tensile strength of LDPE is 11.228 MPa. From the 
tables and Figure 1, the addition of coupling agent (MAPE) 
in the composite was observed to increase the tensile strength 
of PE/KN at 1 wt. % and later decreased as more coupling 
agents were incorporated into the composite for the two particle 
sizes studied. This is in agreement with Vedat[12] and Vedat and 
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Table 2: The effect of powder KN and coupling agent (MAPE) contents on the characteristics of LDPE composite at 0.45 µm 
particle size
Coupling agent 
content (%)

KN 
powder 

(%)

Tensile strength 
(MPa)

Strain at 
break (%)

Energy at 
break (J)

Tensile modulus 
(MPa)

Impact strength 
(J/m)

Hardness 
(BHN)

Flexural 
strength 
(MPa)

Virgin material 0 11.228 341.498 61.704 31.758 2.800 17.900 10.160
0 1 8.456 189.234 48.479 40.479 2.810 18.230 9.970

2 7.324 178.456 50.568 42.568 2.900 21.460 10.480
3 6.923 170.346 60.812 46.327 3.100 25.78 13.550

4 6.000 157.224 65.521 48.493 3.200 27.89 14.830
5 5.654 147.340 71.642 50.235 3.300 32.17 16.780

1 1 9.845 198.482 58.463 44.583 3.800 18.52 12.230
2 8.323 187.253 60.813 46.345 4.000 22.88 15.78
3 7.345 177.673 72.126 48.973 4.200 26.093 18.56
4 6.753 162.325 79.348 50.345 4.500 28.680 20.88
5 6.213 158.538 80.579 52.467 4.900 32.56 22.75

1.5 1 8.123 156.87 78.745 46.123 4.100 18.930 18.46

2 7.100 148.25 80.135 48.234 4.300 23.390 20.86
3 6.725 143.78 83.478 50.878 4.500 26.230 21.63

4 5.742 140.69 85.597 52.134 4.900 30.54 23.85
5 5.213 138.74 88.672 54.250 5.200 32.98 25.83

2.5 1 7.234 147.23 80.345 48.235 4.200 20.345 20.86
2 6.012 140.67 82.597 50.198 4.400 24.890 22.96
3 5.230 134.67 85.235 51.235 4.800 26.780 26.00
4 5.017 128.49 88.678 57.234 5.000 32.920 24.78
5 4.780 120.57 92.482 60.459 5.200 35.470 30.56

LDPE: Low-density polyethylene, KN: Kolanut
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Figure 4: Graph of modulus of low-density polyethylene/kolanut/
maleic anhydride grafted polyethylene composite at 0.30–0.45 µm 
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Figure 5: Graph of impact strength of low-density polyethylene/
kolanut/maleic anhydride grafted polyethylene composite at 

0.30–0.45 µm particle sizes

Mengeloglu.[13] The initial increase in tensile strength at 1 wt. 
% is due to the enhancement of the KN powder dispersion in 
the continuous LDPE phase, and the KN powder aggregates 
which disappeared with increase in the coupling agents, thereby 
leading to the homogeneity of the mixture. However, beyond 

1 wt.%, the tensile strength decreased with increases in the 
coupling agent which is also in agreement with Reza et al.[14] 
This suggests that there was no proper dispersion of the KN 
filler on the LDPE.
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by Eze et al.,[16] and this decrease is attributed to the inability 
of the filler to support stress transfer from polymer filler to 
matrix[17] as well as poor interfacial bonding. The strain at 
break of the LDPE/KN composites in the presence of MAPE 
is observed to decrease with increases in KN contents at the 
two particle sizes considered. Similar observation was made 
by Hemanth et al.[18] and Khalid et al.[19] who observed that 
there was decrease in the strain as the filler content increased. 
The reason for the decrease in strain at higher filler content is 
that it is more difficult for the polymer to penetrate through 
KN filler, thereby leading to poor transmission of stress across 
the filler-matrix interface. The strain at break for 0.45 µm is 
lower than that at 0.30 µm.

Energy at break
Data on energy at break of kolanut filled LDPE are given 
in Tables 1 and 2. These data are illustrated graphically in 
Figure 3. The energy at break of unfilled LDPE is 61.704 J. 
Figure 3 shows the increase in the energy at break of the 
composites with increases in coupling agent at the two filler 
particle sizes considered. This is due to strong adhesion 
between the matrix and the KN filler.

Figure 3 also shows the effect of the KN on the energy at break 
of LDPE composites at the two particle sizes studied. The figure 
and tables also show that there was a general increase in the 
energy at break of the LDPE composites with increase in the 
KN content. The energy at break of the composite made from 
0.3 µm is higher than that of 0.45 µm.

Modulus
The data on the modulus of filled and unfilled LDPE are given 
and illustrated in Figure 4 and Tables 1 and 2. The modulus of 
unfilled LDPE is 31.75 Mpa. The tables and figure also show 
that the modulus of the composites was higher than the modulus 
of unfilled LDPE and increased with increases in MAPE 
content. This is as a result of interaction between the matrix 
and KN. This is in agreement with Obasi et al.[20] Tables 1 
and 2 and Figure 4 also show general increase in modulus 
with increases in KN powder content at the two particle sizes 
studied. The result obtained in this study is in agreement with 
the findings of Hamid et al.[21] The modulus at 0.3 µm particle 
size is higher than that at 0.45 µm.

Impact strength
The impact strength of LDPE composites was obtained and 
given in Tables 1 and 2 and Figure 5. It is observed that the 
impact strength of unfilled polyethylene is 2.800 J/m. The data 
show that for each filler particle size, the increase in coupling 
agent increases the impact strength. Similar results were also 
observed by Armir et al.[22] and Pankaj et al.[23] Figure 5 also 
shows that the impact strength of the composites at the two 
particle sizes increased with increases in KN contents. This is 
due to uniform distribution of KN making the applied load to 

0

5

10

15

20

25

30

35

40

0 1 2 3 4 5 6

lH
ar

dn
es

s 
(B

H
N

)

Weight of Kola nut Powder  (%)

0% at 0.3µm
1% at 0.3µm
1.5 at 0.3µm
2.5% at 0.3µm
0% at 0.45µm
1% at 0.45µm
1.5% at 0.45µm
2.5% at 0.45µm

Figure 6: Graph of hardness of low-density polyethylene/kolanut/
maleic anhydride grafted polyethylene composite at 0.30–0.45 µm 
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0.30–0.45 µm particle sizes

The decrease in tensile strength of the composite with the 
incorporation of KN powder is in agreement with Arkles et al.[2] 
and Vedat[12] who worked on the effect of bamboo filler and 
coupling agent on the polypropylene composites and the effect 
of rice husk on the mechanical properties of polyethylene 
composites, respectively. However, it is contrary as seen in 
Onuegbu and Igwe[15] who determined the effect of snail shell 
filler on the properties of polypropylene/snail shell composite 
and observed that the tensile strength increased with increases 
in filler content. Again, the tensile strength at 0.30 µm is higher 
than that at 0.45 µm particle size due to increase in surface 
area of 0.3 µm.

Strain at break
The strain at break of LDPE/KN/MAPE composites is shown 
in Tables 1 and 2 and Figure 2. The strain at break of unfilled 
low-density PE is 341.498%. The tables and the figure revealed 
that the strain at break of LDPE/KN composite decreased as 
more MAPE contents was incorporated into the composite. 
Increased filler loading in the LDPE matrix resulted in 
stiffening and hardening of the composite. This caused the 
reduction in resilience and toughness and further led to its 
low elongation at break. Similar results were also observed 
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penetrate into the matrix material and transfer around the filler. 
This is in agreement with Nwanonenyi et al.[24] but contrary 
to Jia et al.[25]

Hardness (Brinell)
Tables 1 and 2 and Figure 6 show the effect of coupling 
agent and KN filler contents on the hardness of filled LDPE. 
The hardness value of unfilled LDPE is 17.9 Mpa. Tables 1 
and 2 and Figure 6 show that the hardness of all filled LDPE 
at a given filler particle size increased with increases in the 
coupling agent (MAPE) due to adhesion between the matrix 
and the filler. Similar results were observed by Onuegbu and 
Igwe[15] and it is contrary to Arkles et al.[2] The figure shows 
that the hardness of the composite at the two particle sizes 
investigated could be observed to increase with increases in the 
KN filler content. This result indicates the enhancement of the 
stress transfer by the matrix (LDPE). There have been reports 
which support increase in the hardness property of composite 
with increase in filler contents.[16,17] This increase in hardness 
resulted in decrease in ductility of the composite formed, hence, 
ductility decreases with increase in filler content.

Furthermore, from Figure 6, it can be clearly seen that the 
hardness of the composites of 0.30 µm particle size of the filler 
is higher than that at 0.43 µm and this could be attributed to 
reduction in the degree of polymer-filler interaction at 0.45 µm 
particle size.

Flexural strength
The experimental data on the flexural strength of LDPE 
composites are illustrated in Tables 1 and 2 and Figure 7. The 
flexural strength of LDPE is 10.16 Mpa. Figure 7 shows that 
the addition of coupling agent promoted the flexural strength 
of LDPE/KN. This is due to strong adhesion between LDPE 
and KN and this is in agreement with Khalid et al.[19]

At each particle size studied, the flexural strength of the 
composites increased with increases in KN contents. This is as 
a result of poor penetration of the load and transfer of the filler 
around the matrix, and this is in agreement with Jia et al.[25]

CONCLUSION

The coupling agent (MAPE) and kolanut powder had effect 
on the mechanical characteristics of composite of LDPE 
studied. The MAPE improved the tensile strength (except at 
higher concentration of the MAPE), energy at break, modulus, 
and impact strength. However, MAPE decreased the strain 
at break as more MAPE contents were incorporated into the 
system. The use of kolanut powder at 0.3–0.45 µm increased 
the energy at break, modulus, impact strength, hardness, and 
flexural strength but it decreased the tensile strength and strain 
at break. Moreover, the particle size of the kolanut powder 
played a key role in the composites. The use of lower particle 

size 0.30 µm improved the properties better than 0.45 µm in 
all the mechanical characteristics studied.

REFERENCES

1. Plueddemann EP. Silane Coupling Agents. 1st ed. New York: 
Plenum Press; 1982. p. 1-28.

2. Arkles B, Steinmetz JR, Zazyczny J, Zolonitsky M. Stables, 
Water-Borne-Silane Coupling Agents. Paper, ZD, 46th Annual 
Conference, Composites Institute, the Society of the Plastics 
Industry, Inc. Washington, D.C, USA; 1991.

3. Chris DA. Filled Thermoplastics Optimization: Practical Formulation 
Strategy; 2016. Available from: https://www.omnexus.specialchem.
com/online-course/922-filled-thermoplastics-optimization-practical-
formulation-strategy [Last accessed on 2021 Nov 13].

4. Onuegbu GC, Obasi HC, Onuoha FN. Effect of titanate coupling 
agent on the mechanical properties of talc filled polypropylene. 
Acad Res J 2014;5:26-30.

5. Dennis M. Introduction to Industrial Polyethylene: Properties, 
Catalyst and Processes. Beverly, MA: John Scrivener Publishing; 
2010. p. 7-15.

6. Atawodi SE, Mendel PP, Funstein B, Preussmann R, Spiegethal B. 
Nitrosable nitrosamide formation in natural stimulants, cola 
acuminata, and garcinia cola. Food Chem Toxicol 1995;33:625-30.

7. Sun YL, Kan IA, Park BS. Effect of filler and coupling agent 
on the properties of bamboo fibre-reinforced polyethylene 
composites. J Reinforced Plast Compos 2008;28:2589-604.

8. Witney R. Peroxide initiated grafting of maleic anhydride onto 
linear and branched hydrocarbon. J Polym Sci A 1999;3817:37.

9. Jianjian S, Mingbiao XU, Weihong L, Xiaoliang W, Peng XU, 
Feng H, et al. Thermoplastic rubber modified by silane coupling 
agent and its influence on the mechanical properties of oil well 
cement paste. Adv Mater Sci Eng 2019;2019:1-11.

10. Feiwen Y, Haibo L, Baojun X, Xianming D. Mechanical and 
biodegradable properties of bamboo fibre-reinforced starch/
polypropylene biodegradable composites. J Appl Polym Sci 
2019;137:48694.

11. Onuegbu GC, Madufor IC, Ogbobe O. Studies on effect of 
maleated polyethylene compatibilizer on some mechanical 
properties of kolanut-filled low density polyethylene. Acad Res 
Int 2012;3:406-12.

12. Vedat C. Selected properties of mahogany wood flour filled 
polypropylene composites. The effect of maleic anhydride-
grafted polypropylene (MAPP). Bioresources 2020;15:2227-36.

13. Vedat C, Mengeloglu F. Effect of wood particle size on selected 
properties of neat and recycled wood polypropylene composites. 
Bioresources 2020;15:3427-42.

14. Reza A, Azuman H, Khaliq M, Zainoha Z. Rice husk filled 
polymer composite. Int J Polym Sci 2015;2015:32.

15. Onuegbu GC, Igwe IO. Effect of filler loadings and particle sizes 
on the mechanical properties and end-used properties of snail 
shell powder filled polyethylene. J Mater Sci 2011;18:67-74.

16. Eze OI, Obidiegwu MU, Eyarefe SO. The effects of maleic 
acid on some mechanical and end-use properties of bamboo 
powder filled low density polyethylene composites. Acad Res 
Int 2013;4:208-17.

17. Chris-Okafor PU, Okonkwo CC, Ohaeke MS. Reinforcement of 
high density polyethylene with snail shell powder. Am J Polym 



Onuegbu, et al.: Mechanical behaviors of LDPE-kolanut composite

 Available at www.aujst.com 728

Sci 2018;8:17-21.
18. Hemanth R, Sekar M, Suresha B. 6th National conference on 

advances in polymeric materials (energy, environment and 
health), Mysore, India. J Adv Chem Sci 2014;2:28-35.

19. Khalid M, Ali S, Abdullah LC, Ratnam TC, Choong T. Effect 
of MAPP as coupling agent on the mechanical properties of 
palm fibre empty fruit bunch and cellulose polypropylene bio-
composites. Int J Eng Technol 2005;31:79-84.

20. Obasi H. Effects of filler content and compatibilizer on properties 
of peanut husk filled polyethylene composites. J Polym 2015;5:1-9.

21. Hamid E, Mounir E, Moukhta H, Rachid B. Morphological 
structured, thermal and tensile properties of high-density 
polyethylene composites reinforced with treated argan nut shell 
particles. J Bionic Eng 2015;12:129-41.

22. Armir N, Bohuslax K, Alineza A, Ahmad J. Effect of a novel 

coupling agent, polybutadiene isocyanate on mechanical 
properties of wood-fibre polypropylene composites. J Reinforced 
Plast Compos 2008;27:16-7.

23. Pankaj K, Shakti CN, Raghu N. Mechanical properties of bio-
fibre-reinforced high-density polyethylene composites: Effect 
of coupling agents and bio-fillers. J Reinforced Plast Compos 
2013;32:1722-32.

24. Nwanonenyi SC, Obidiegwu MU, Onuegbu GC. Effects of 
particle sizes, filler contents and compatibilization on the 
properties of linear low-density polyethylene filled periwinkle 
shell powder. Int J Eng Sci 2013;2:1-8.

25. Jia JJ, Nishata RR, Yong CN, Mohd H, Ghani AB, Sharim A. 
Study of the mechanical and morphology properties of recycled 
HDPE composites using rice husk filler. Adv Mater Sci Eng 
2014;2014:938961.

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 
International License. 


