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1 Introduction

ABSTRACT

This study was focused on the development of hybrid composed
using orange peel particulate dispersed in an unsaturated polyes-
ter resin reinforced with chopped strands of E-glass fibers. Or-
ange peel particulate of about 350pm sieve size, of varying weight
petcentage (3, 6, 9,12 and 15) wt.% and E-glass fiber of constant
weight percentage 25.1wt% was used as reinforcements in a pol-
yester matrix. The effect of the orange peel particulate on the
physical and mechanical properties of the resulting composite
such as tensile strength, bending strength, impact strength and
hardness strength was investigated. The results showed remarka-
ble improvement in mechanical properties with increase in per-
centage of particulate reinforcement. Tensile strength varies from
50.0 to 62.6 MPa, Hardness values varies between 28.6 and
40.8HRB, Impact energy at room temperature, varies between
5.0 to 7.4 Joules, as a function of fiber weight fractions and the
flexural strength varies from 74.0 to 85.2 MPa. The best mechan-
ical properties were obtained at 15 Wt.% particulate reinforce-
ments. The results of the physical tests show that the water ab-
sorption increases as the weight percentage of the particulate re-
inforcement increases and the same condition also holds for the

density.

Keywords: Glass fibre; polyester resin, patticulate teinforcement, orange peel, physical
and mechanical properties.

Recent advancement in composite technology have mandated the need to explore varieties of materials as

reinforcements with the intention of increasing the mechanical, physical, aesthetics and thermal properties

of the resulting composite formation. Also taking into cognizance, environmental concerns, most studies

within the realm of composite material development, are now focused on the utilization of environmentally

friendly materials especially the bio-based materials in composite development [1]]2][3][4]. The reinforce-

ments incorporated in composite materials are usually the load carrying components embedded in a matrix

material. The reinforcement usually provides the properties that are absent in the matrix such as strength

propetly cited.
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and rigidity amongst others, while the matrix usually maintains the position and orientations of the rein-
forcements. The matrix materials are normally polymeric based such as the synthetic polymers among them
which includes; polyester, epoxy, polyurethane, polyamides and polyethylene. Matrix materials can also be
of natural origin such as; chitosan, pectin, latex and others.

These reinforcements materials can either be particulate [5] or fibrous [6]. Fibrous reinforcements are nor-
mally dispersed in a thermosetting resin matrix with a view of increasing stiffness and strength. The stiffness
of fiber reinforced plastics is a function of the properties of the fiber properties as well as the quantity of
the fiber added hence, for a composite made of uniaxially aligned fibers, properties in the direction of the
fibers may be estimated from the properties of the components by law of mixture [7]. Incorporation of two
or more reinforcements into a single matrix is referred to as hybridization and the resulting material is
referred to as a hybrid composite. There is increasing interest in hybrid composites because this material
offers a range of properties, such as fracture toughness and impact resistance, which cannot be obtained
with a single layered type of reinforcement and the same time materials cost is reduced by carefully selecting
materials [8]. Hybrid effect is the attribute of composites of hybrid construction with properties better than
the sum of the components.

A lot of work has been done to develop and as well, characterize the properties of dual and hybrid compo-
sites using different varieties of matrix and reinforcements materials however, an extensive review of such
works is not within the scope of this paper, but some worthy mentions will be presented. Kumar ¢ a/, [9]
investigated the thermal performance of Acrylonitrile Butadiene Styrene (ABS) copolymer blended with
Polytetrafluroethylene (PTFE) and injection moulding process was employed during the composite fabri-
cation. The outcome of the study showed that the addition of 10% and 20% PTFE to the ABS improve
the coefficient of linear expansion of the resulting composite when compared to the pure ABS. Nabinejad
et al., [10] developed a hybrid composite based on multi-walled carbon nanotubes and oil palm shell powder,
both embedded in an unsaturated polyester resin. The particulate reinforcements were dispersed in the
matrix using ultrasonic and solvent mixing methods. Using four different solvents namely; ethanol, meth-
anol, acetone and styrene, the result of the study showed that the composite with the styrene solvent ex-
hibited best mechanical and thermal properties compared to other solvents. Usman ¢f 4/, [1] investigated
the effect of groundnut shell powder on the mechanical and biodegradability of recycled polyethylene.
Using a treated and untreated groundnut shell powder as a reinforcement for recycled polyethylene to pro-
duce a groundnut shell powder-recycled polyethylene composite. Results from the mechanical test showed
that the treated samples showed better mechanical properties compared to the untreated samples while
results from water absorption showed that the untreated groundnut shell powder showed higher water
absorption compared to the treated sample. Other works include; Zhang ef a/, [11] developed a poly(me-
thyl-methacrylate) decorated single wall epoxy/carbon-nanotube composite, Uygunoglu ez 4/, [12] investi-
gated the wear and friction properties of epoxy reinforced boron wastes composites, FonsecaFerreira et al.,
[13] carried out a thermogravimetric characterization of polyester matrix reinforced eucalyptus fibers, Jones
et al., [14] investigated the role of microstructure in ultralow wear fluoropolymer composites, Yuan e7 .,
[15] investigated the tribological properties of polytetrafluoroethylene (PTFE) composites filled with poly-
ctheretherketone (PEEK) and nano-ALO; particles were studied using a block-on-ring wear tester.
Orange (Citrus Sinensis) is a common commercial crop mostly grown in the North-Central part of Nigeria.
According to the 2007 Food and Agricultural Organization’s report, Nigeria rank 9t citrus producing coun-
try with a total production capacity of 3,325000 tonnes [16], and as a result of the current diversification of
the Nigerian economy with agriculture as a core focus, there is an expected increase in citrus production.
Orange peel is a waste product of orange and this material is lignocellulosic which can be used either as a
fiber or particulate reinforcement in composite development. However, there is limited study on its appli-
cation within this realm, and this is the gap this study seeks to explore. With the continuous rise in orange
peel waste in Nigeria, this study is aimed at utilizing orange peel particulate in as a reinforcement in a fiber
reinforced polymer composite with the hope of improving the mechanical and physical properties of the
resulting hybrid formation.
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2  Materials and Methods
2.1 Materials

Unsaturated polyester resin was procured Chibest Chemicals Kaduna Nigeria and used as matrix material.
Cobalt Napthanate and Methyl-Ethyl-Ketone Peroxide was procured from the same company and used as
curing agents and accelerators. Chopped strands of E-glass fibers were procured from the polymer depart-
ment of Science Equipment Development Institute of Nigeria and employed as a reinforcement in the
polymer matrix. Orange peel were locally sourced from major retailers in Nigeria, washed with distilled
watet, air dried and then oven dried at a temperature of 34°C. The resulting orange peel was then grinded
in a conventional grinding machine then sieved using vibrating sieve with mesh size 1000um, 750um,

500um, 350pum and the final particle size of 350 um was used as part of the reinforcement material.

2.2 Sample Preparation

Simple hand layup was adopted in the sample preparation process using a 25% glass fiber in a polyester
resin matrix. Some quantity of unsaturated polyester was measured using a calibrated measuring cylinder.
Cobalt naphthalene (accelerator) was first added to the measured polyester resin in drops and then in excess
using a well calibrated syringe followed by methyl ethyl ketone peroxide. The resulting mixtures were then
mechanically stirred for ten minutes to obtain a homogenous mixture. The resulting mixture was divided
into six containers and different weight percent of orange peel particulates (3wt.%, 6 wt.%, Iwt.%,12wt.%,
and 15wt.%) was dispersed in each container and stirred thoroughly before setting.

Using an open mould of dimension 60cmx12cmx20cm, divided into six different compartments in accord-
ance with the number of samples, lamination was done by placing the fiber mat in the mould and then
saturated with the resulting mixture with the use of a hand brush. A sample containing only a fiber mat in
a polyester resin matrix was prepared and used as a control sample. After solidification, the samples were
removed from the mould and left for 7 days to cure in the air. The resulting samples were then fed into a
pre-heated oven, and the oven was set to a temperature of 60°C for a period of 3hrs to post-cure the sample
[17].

3  Test Methods
3.1 Density

The density of the samples was determined using Archimedes’ principle. The samples were cut into regular
shapes and the weighed as m. A calibrated cylinder was filled with water and the level of water noted and
recorded as »7, while the sample was then immersed in the water and the rise in volume of water in the
cylinder was noted and recorded as »2.

The density of the sample was then determined using Equation 1.

—— (g/cm) (1)

3.2 Water Absorption

Density (o) =

The water absorption tendencies of the samples were determined in accordance to ASTM D-570 [18].
Samples of suitable sizes for water absorption was cut, weighed dried and noted as »;. The sample was left
in the water for 24hrs. The samples were then removed and then re-weighed as w2. The percentage weight
gained was calculated and recorded for each sample as the percentage of water absorbed. And this calcula-
tion was done using Equation 2.

Water absorption = wZ-W1x 100 2)

wil

3.3 Tensile Test

Edges of the samples were finished using grit paper. The tensile test was carried out according to ASTM
D638 (165 x19) [19] and 5 mm thickness, at a crosshead speed of 50mm/min. The machine is designed to

stretch the specimen at a constant rate and it continuously and simultaneously measure the instantaneous
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applied load, and the resulting elongation using an extensometer. Two tensile test specimens with thick-
ness(t) mm, length () mm, and width(b)mm, were cut for the tensile test. the tensile strength can be de-

termined using.

Ot :p/A
butA=t*xb=*L
p
O-t:t*b*L (3)

3.4 Flexural Test

Flexural test was carried out in a universal tensile testing machine using the three-point flexural testing
method according to ASTM D-790 [20]. Test samples were cut to appropriate sizes and each sample was
subjected to bending test with the aid of an improvised support and a centre point load until it breaks. At
a load o (1000 kN) applied on the entire span (L), the load acting on cross-sectional area (A), then the

flexural strength (0f) was determined using [21].

O'f:% Where A = w * t2 4)

wand 7and the width and thickness of specimen (mm), respectively.

3.5 Hardness Test

Hardness test was carried out using the Rockwell hardness testing machine (Indentec universal hardness
machine model 81875.5LKV frank well) using scale B. The indenter was 1/6inches steel ball and a minor
load of 10kgf and a total load of 60kgf was used. The hardness value of the samples was read directly from
the hardness testing machine.

3.6 Impact Test

Impact test was conducted with the aid of a PIT series Charpy impact testing machine with a pendulum of
up to 150J, using a 2mm V-notched specimen. The dimension of the specimen is in accordance with ASTM
D6110-18 [22]. The impact energy was obtained by recording the loss in energy of the pendulum after
hitting the samples directly from the machine.

4  Results and Discussion

4,1 Physical Properties

The resulting physical properties of the composites depend on the nature of the reinforcement materials in
terms of; orientations, loading condition, interfacial adhesion, voids and surface protection [23]. As shown
in Table 1, the water absorption tendencies of the hybrid composite increase with increase in weight percent
of the orange peel particulate while Table 2 also showed that the density of the composite sample increases

with increase in percentage of particulate reinforcement.

Table 1: Water absorption tendencies of the composites

SIN. wt% of orange peel | wt% of samples before wit% of samples wit% of water ab- wit% of Glass
particulate soaking after soaking sorbed Fiber
1 0 4.20 4.21 0.24 25.1
2 3 4.26 4.29 0.70 25.1
3 6 5.73 5.77 0.69 25.1
4 9 3.01 3.05 1.19 25.1
5 12 4.47 4.52 1.32 25.1
6 15 4.49 4.67 1.96 25.1
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Table 2: Effect of particulate reinforcement and glass fibers on the density of the composites

S/N. wit% of orange peel particulate | Density of samples in g/cm? wt% of Glass Fiber
1 0 1.73 25.1
2 3 1.82 25.1
3 6 2.30 25.1
4 9 2.40 25.1
5 12 2.62 25.1
6 15 2.78 25.1

The observed continuous increase in water absorption from 0.24 to 1.96% with increase in particulate
reinforcement was as a result of the hydrophilic nature of the particulate reinforcement. This phenomenon
was also explained by Islam ez @/, [23], that natural fillers are composed of cellulose and when exposed to
an aquatic environment tends to swell and absorb water. This might also impair the interfacial adhesion
between the ply of the resulting composites thereby reducing the mechanical properties of the resulting
composite and limiting their applications. Figure 1 is a plot of the physical properties of the composite
samples versus the weight percentage of the particulate reinforcement and it can be seen that the physical
properties increases all through as the percentage weight of the reinforcement increases. Ideally, the partic-
ulate reinforcement was supposed to reduce voids within the composite and limit the water uptake by the
composite material but the hydrophilic nature of the particulate reinforcement accelerated the water uptake
of the composite hence for the composite to be well suited for use in the marine industry, the particles
should be carbonized or well treated smaller size particles should be used as this will reduced water intake

and improve the mechanical properties of the composite.

3
25
2
15
1

0.5

Physical Properties

0 2 4 6 8 10 12 14 16
Wit% of Orange Peel Particulate Reinforcement

—8— Water absorbed Density of the Samples

Figure 1: Graph of Physical Properties Versus Percentage weight of Particulate Reinforcement

From Figure 1, the density of the composite increases with increased percentage of particulate reinforce-
ment from 1.73 g/cm? for the control sample to 2.78 g/cm3 for the sample with about 15 wt% particulate
reinforcements. Such increase in density is not desirable for a composite material hence for the material to
be suitable for the intended use, the orange peel particulate should be used in the form of a fly-ash as studies
have shown that increase in fly-ash content of particulate reinforced composites reduced the density of the
resulting composite and improve the thermal properties [24] [25].

4.2  Mechanical Properties

Table 3 shows the results of the tensile test for the six samples which include the control sample and the
particulate reinforced samples. The tensile properties of the resulting composite samples were observed to
be highest for the sample with highest percentage weight of particulate reinforcement with a value of 62.6
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MPa and lowest for the control sample with 50.0 MPa. According to a Fourier Transform Infrared Spec-
troscopy (FTIR) report [26], orange peel particulates contains some compounds (-OH, CHz, CH3, Si-O-Si,
C=C and Si=H) that contains double bonds and ties triple aromatic rings in the matrix of the resin matrix
thereby increasing the interfacial adhesion between the matrix and reinforcement materials and increase the
mechanical strength of the resulting composite material. Hence the tensile strength of the composite in-

crease as the percentage weight of particulate reinforcement increases.

Table 3: Effect of particulate reinforcement and glass fibers on the tensile strength of the composite

W% 0T Or- 12 b Thicknesst | Load, pin | 101 | i of

SIN ange peel (mm) in (mm) (N) strength in Glass Fiber
particulates (MPa)

1 0 19 5.0 4753 50.0 25.1

2 3 19 5.0 4829 50.8 25.1

3 6 19 5.0 5127 53.9 25.1

4 9 19 5.0 5331 56.1 25.1

5 12 19 5.0 5660 59.6 25.1

6 15 19 5.0 5947 62.6 25.1

The hardness test values recorded from the Rockwell hardness tester are shown in Table 4. It can be seen
from that the hardness values increase from 28.6 HRB for the control sample to 40.8 HRB with 15 wt% of

the particulate reinforcement.

Table 4: Effect of particulate reinforcement and glass fibers on the hardness of the composite

No. wt% of Orange peel particulate Hardness values (HRB) wt% of Glass Fiber
1 0 28.6 25.1
2 3 30.1 25.1
3 6 34.6 25.1
4 9 36.5 25.1
5 12 38.4 25.1
6 15 40.8 25.1

The observed increase in the hardness value as the particulate reinforcement increase was because the small
voids available in the matrix has been filled up by the high concentration of the particulate reinforcement
thereby resulting to an even distribution of the test load on both the fiber reinforcement and orange peel
particulate and reducing the penetration of the indenter on the surfaces of the test samples this is in con-
formation with a study by [1].

Similarly, the impact energy of the composite samples increases with increasing percentage weight of the
orange peel particulates. The highest impact energy of 7.4 Joules was recorded for the sample with 15 wt%
of orange peel particulates while the lowest impact energy value was recorded for the control sample with

0 wt% of particulate reinforcement as shown in Table 5.

Table 5: Effect of particulate reinforcement and glass fibers on the impact strength of the composite

SIN wit% of Qrange Impact energy Impact energy Average Impact | wt% of Glass Fi-
peel particulate (J). 1%t reading (J). 2" reading energy (J). ber
1 0 4.9 51 5.0 25.1
2 3 5.3 5.4 5.4 25.1
3 6 55 5.7 5.6 25.1
4 9 6.0 6.2 6.1 25.1
5 12 6.8 7.1 6.9 25.1
6 15 7.5 7.3 7.4 25.1

As depicted in Table 5, the observed increase in the value of impact energy as the percentage weight of the
particulate reinforcement increase as a result of a better mechanical interlocking between the reinforcement
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and the matrix material thereby causing a fracture of the fiber at the crack-plane with less fiber pull-out as
reported by [27]. Table 6. shows the flexural strength of the resulting composite samples together with the
load applied, width, weight percent of particulate reinforcement and length of span.

Table 6: Effect of particulate reinforcement and glass fibers on the flexural strength of the composite

S/N | wt% of orange Width Support span L | Depth d Load p Flexural strength ep wt% of
peel particulate | B(mm) | (mm) (mm) (KN) (MPa) Glass Fiber
1 0 25.0 80 10.0 3.1 74.0 25.1
2 3 25.0 80 10.0 3.2 77.2 25.1
3 6 25.0 80 10.0 5.2 79.6 25.1
4 9 249 80 10.0 49 81.1 25.1
5 12 25.0 80 10.0 5.6 83.7 25.1
6 15 25.0 80 10.0 3.6 85.2 25.1

The flexural strength of the composite increases from 74.0MPa for the control sample to 85.2MPa for the
sample with 14 w% reinforcement. It can be seen that the flexural strength increases with increase in per-
centage weight of the of the orange peel particulates. As the particulate reinforcement increases and also
leveraging on the fiber matrix interaction will lead to an increased transfer of stress from the fragile matrix
to the glass fibers and orange peel particulate which will in-turn increase the flexural strength of the hybrid
composite [27].

90
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& 50
S 40
-
2 30
-
S 20
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0 2 4 6 8 10 12 14 16
Wit of Orange Peel Particulate Reinforcement
—8—Tensile (Mpa) —@— Hardness (HRB) Impact (J) —@— Flexural (Mpa)

Figure 2: Mechanical Properties of Particulate reinforced hybrid composite versus Percentage weight
of particulate reinforcement

A plot of the mechanical properties of the resulting composite samples versus the percentage weight of the
particulate reinforcement as shown in Figure 2, indicates a continuous increase in mechanical properties of

the composite materials with increase in percentage weight of the orange peel particulates.
5 Conclusions

In this study, orange peel has been shown to improve the mechanical properties of polyester reinforced
glass fibers with 15 w% particulate reinforced composite sample exhibiting the best mechanical properties
all through with a tensile strength of 62.6 MPa, hardness value of 40.8 HRB, impact energy of 7.5 Joules
and flexural strength of 85.2 MPa. The study also showed that the water absorption tendencies of the

composite increases with increase in percentage weight of the particulate reinforcement which was due to
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the hydrophilic nature of the orange peels and it was suggested that using it in the form of fly-ash or proper
treatment of smaller sieve size sample will reduce the water absorption tendencies of the resulting compo-
site samples. Thus, orange peel is a good reinforcing filler in polymer composites. This will also serve as a

means of reducing environmental pollution arising from the deposition in the environment.
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