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The effect of incorporating orange and pomegranate peel particles into unsaturated
polyester resin (UPE) was studied by immersion in acidic H2SO4 solution for fifteen days
normally (0.3 N) and thermal conductivity tests carried out in ambient environments. in
thickness (4 mm) and in weight percentage (0.05, 0.07, 0.09, 0.11). Based on the findings
of a thermal conductivity tests conducted in a natural setting (N.C.), the UPE reinforced
with pomegranate peel particles increased in weight percentage (0.11 wt) and reaching
(0.3774) W/m.K , but the thermal conductivity values of orange peel particles (K)
decreased as the weight percentage increased (0.11 wt) and reaching (0.2887) W/m.K. In
addition, Immersion in an acidic solution (H2SO4) resulted in values (K) that were higher
than those in (N.C.). These findings highlight the possibility of agricultural waste use in
sustainable material development for industrial purposes with increased thermal

insulation requirements and serve as an aid for the mitigation of environmental waste.

1. INTRODUCTION

Composite materials are one of the forms of the so-called
advanced materials that began to increasingly appear in the
second half of the twentieth century. Composite materials have
provided solutions in many industrial areas and are suitable for
handling diverse issues [1]. Following this success, an
increased interest has been put by investors and manufacturers
in the composite materials. Therefore, their use has increased
in various technological applications due to their desirable
properties, including high strength and stiffness, low weight,
and affordability [2]. It became necessary to use composite
materials with extremely high mechanical qualities due to
general requirements. Factors affecting composite properties
include the size and shape of the reinforcing particles and their
distribution in the substrate, as well as the nature of the bond
between the particles supported by the substrate as well as the
interface area [3]. Driven by environmental and sustainability
concerns, the past decade has witnessed significant
advancements in green technologies, particularly within
materials science through the development of bio-composites.
Among the possible alternatives, such as wood and plastics,
the development of bio composites from agricultural waste (in
particular, pomegranate peels, egg shells, orange peels and
palm leaves) is currently attracting interest [4, 5].

India is very rich in the production of agricultural fibers and
particles and a large part of the agricultural waste is used as
fuel. India produces more than 400 million tons of agricultural
waste, such as bagasse, corn stalks, almond shells and other
waste [6]. Agricultural waste is a great alternative to plastic
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products due to its availability. Using agricultural waste has
benefits for the economy in addition to its availability and
capability for rejuvenation. In contrast, the environment and
technology of thermoplastic composites and polymers
reinforced with inorganic fillers provide benefits such as low
density, low energy for the factory, self CO, emissions, and
high degree of biodegradability [7-9].

Although great achievements have been made in bio
composites, very less research has been done towards the
development of unsaturated polyester resin-based bio
composites using agricultural waste as orange peel or
pomegranate skin. Thermal conductivity of current studies is
rarely described with these fillers, with no reported analysis of
their suitability for sustainable applications. To bridge this gap,
this study analyzes the thermal properties of bio-composites
and investigates their potential as a heat sink that can
simultaneously increase thermal performance and encourage
waste utilization.

One heat transfer phenomenon is thermal conductivity (K),
which is the oscillation of a substance's particles causing
energy to be transferred from one location to another due to
temperature differences. As a result, we can define a
substance's thermal conductivity as its capacity to conduct heat,
and it is typically expressed by its a thermal conductivity
coefficient (K).

Various factors, such as conductive or insulating properties,
and molecular motion, govern how thermal energy is
transferred through a material. When there are free electrons
in the crystal, heat can pass through conductive solids. Due to
the lack of free electrons in insulating materials, heat is
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transferred by elastic waves instead, which are produced when
molecules oscillate and pass on their oscillations to nearby
molecules. Heat conduction is controlled by the thermal
conductivity of Fourier's law, which can be expressed by the
following relationship.

= —KA —

T M

Q

Heat transfers from the hot end to the cold end as phonons,
which are flexible quantum waves. This process is known as
heat conduction [10].

The thermal conductivity can be calculated using the two
equations [11].

Ty — T, 2 1 1
K(—ds )=e[TA+;(dA+ZdS>TA+stTB] )

where, (e) denotes the amount of thermal energy transferred
per unit area of the disk per second (W/m2 K), and is
determined using Eq. (3):

1
IV = nr?e(Ty + Tg) + 2mre [dATA + dSE(TA +Tg) +dgTy
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where, (T4, Ts, and T¢) indicate the various temperatures for
discs (4, B, and C). I stands for current (Amps), 7 refers to disc
radius (cm), d represents disc thickness (cm). V stands for volt.
When the temperature for discs (4, B) achieves a condition of
thermal equilibrium, place a sample between them, turn on the
electrical energy, and wait to record the values (74, T3, and T¢).
and allowed the discs to cool down gradually for forty minutes.
The experiment was then performed with all of the discs, as
seen in Figure 1.

Ambient Temperature

Figure 1. The heat-conduction device's electrical circuit [12]

2. EXPERIMENTAL PART
2.1 Base materials

Unsaturated polyester resin (UPE) was used as a base
material (Matrix Material) in preparing samples of
overlapping polymeric materials, manufactured by the Saudi
company (SIR), the picture of which is shown in Figure 2. It
is a resin in the form of a transparent, pink-colored viscous
liquid. At room temperature, it has a density ranging between
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(1.1 - 1.4 g/cm®). This resin is characterized by the ability to
transform from a liquid state to a solid state when adding its
hardener (Hardener) of the type (Methyl Ethyl Ketone
Peroxide) (peroxide such as ethyl ketone), which is made from
Also before the Saudi Company (SIR), It has the form of a
translucent liquid and is represented by the symbol (MEKP).
The hardener is added to the UPE at a mixing ratio of 2g per
100g, and the reaction occurs between them at laboratory
temperature. Table 1 shows some of the properties. The UPE
utilized in the study complies with the manufacturing
company's requirements (SIR).

Table 1. Some properties of UPE used in the research

. Thermal Specifi
pecific
De;:llty Conductivity Heat Mot.ll}lus of
() (%) Jkgk Elasticity GPa
1.3 0.17 710 - 920 2.06 -4.41
Polyester

[R-O-(l."l-CHZC H-C-0]

I
0 Q

Figure 2. The chemical statement of UPE

UPE is better than saturated polyester resin, as UPE has a
fairly good resistance to solvents, heat, and humidity
surrounding it and is better than its counterpart (saturated
polyester resin), and the reason for this is cross-linking (Cross-
Linked) between unsaturated polyester chains. UPE is
characterized by several properties, including (high durability,
light weight, low cost in manufacturing various tools, etc.)
[13]. UPE is prepared by reacting to a di-, tri-, or dibasic acid
solution, for example, by reacting to maleic acid with ethylene
glycol. This reaction results in a resin that hardens at heat, and
the UPE dissolves in a solvent. Styrene, where styrene acts as
a solvent or monomer, leading to its polymerization to the
required crosslinking after adding a small amount of peroxides
(methyl ethyl ketone peroxide) (MEKP), which are called
hardeners, and other materials such as octoate cobalt, which
acts as an accelerant for the reaction to occur within degrees
At normal temperature, the addition of both the hardener and
the accelerator leads to the transformation of the liquid
unsaturated polyester into a solid at room temperatures. Figure
2 shows the chemical composition of the UPE [14].

2.2 Reinforced materials

Both orange peel (OP) and pomegranate peel (PP) were
utilized as particle types in this investigation. In order to
produce particles with a size of about (73 p) and weight ratios
0f(0.05,0.07,0.09, 0.11), the material was exposed to sunlight
for 10 days, then cleaned with distilled water and then ground
using the highest level of technology. The right particle size
was obtained for the materials utilized by means of a vibrating
sieve.

2.2.1 Pomegranate peel

Pomegranate peels are the waste resulting from the
pomegranate food manufacturing process, as they represent
20-30% of the total weight of the pomegranate. Fighting



topical  infections caused by  methicillin-resistant
Staphylococcus aureus (MRSA) [15].

Pomegranate peels contain high levels of phytochemicals
rich in bioactive compounds, especially phenolic acids. The
primary phenolic acids that have been identified are ellagic
acid, gallic acid, caffeic acid, chlorogenic acid, and cinnamic

acid [16].

(a) Pomegranate peels

(b) Pomegranate peels powder

Figure 3. Visual representation of pomegranate peels

In this research, we used pomegranate peels shown in
Figure 3(a), which were cleaned, crushed and placed under the
sun, they are then oven-dried at100°C for 15 minutes to repel
moisture, then ground by an electric mill and sifted by a sieve
that allows the penetration of particles with a granular size of
approximately (73 pm) to get rid of coarse granules and obtain
small particles. The volume is as shown in Figure 3(b) and
kept away from moisture at room temperature.

2.2.2 Orange peels

Citrus trees of the orange variety are cultivated all over the
world for their fruit. It is a member of the family Rutaceae.
The nations with the most extensive orange cultivation include
Indonesia, southern China, and north-eastern India. In India,
this fruit is most commonly consumed after mangoes and
bananas.

Orange consumption is also fairly high throughout India.
Orange peels are the outer layer of an orange (OP). These were
mostly utilized for composting, animal feeding, and land
filling in the past. Later on, scientists attempted to utilise this
waste's qualities after realizing how important it was
biologically valuable. Table 2 displays the chemical makeup
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of the particulate matter of OP [17].

Table 2. The chemical composition of OP particulate [17]

Ash Content
1.16+0.2

Hemi Cellulose
27.10£0.2

Cellulose
38.61 £0.5

Lignin
30.10+0.3

Orange peels (OP) are primarily composed of proteins,
lipids, carbohydrates, and cellulose. Because of this, a number
of researchers use this waste product for a variety of objectives.
OP was gathered from the neighbourhood market for this study
analysis, and it was well washed with distilled water to get rid
of any undesired particles that might have adhered to the
surfaces. To get rid of the water particles, the OP was then
roasted to 100°C in an oven for 15 minutes. The fibers were
subsequently crushed using a ball mill to a fine powder. A
sieve shaker was used to sieve the gathered granules. The
particle utilized in this experiment has a size in the
neighborhood of (73 pum). Figure 4 shows the several phases
of orange peel preparation.

Figure 4. Procedure for OP particulate preparation
2.3 Preparation of samples

In the sample preparation process, Hand lay-up method was
used in the process of preparing the samples this method
includes the following steps:

First step: Get the mould ready. Every glass pane's base is
enveloped in a thermopaper mould throughout the casting
procedure., which helps to prevent resin from adhering to the
pane and facilitates easy machining through cutting. The sides
of the mold are thick (4mm) high grade laminate glass panels
stamped on the equator, which ensure stability by providing a
flat surface.

Step two: forming the sample. The main method of sample
preparation and casting. The weighted amount of the required
proportion of unsaturated polyester resin and hardener is
added at a ratio of (2:100) grams, with the amount of additives
of (PP and OP) micro according to the weight ratios (0.05, 0.07,
0.09, 0.11), the mixture of additives and matrix material is
mixed at room temperature. In a special container, it is mixed
with a mixer for a maximum of (1-10) minutes. The liquid
mixture is poured into the mold to create a continuous flow in
the middle, filling the mold to the appropriate level. After (48)
hours of curing, for five hours, it is baked at 50°C to guarantee
formability.

Step three: Following ASTM standards, the samples were
sectioned into disk-shaped specimens of uniform size and
geometry (diameter = 40 mm and thickness = 4 mm) required



for testing using Lee’s Disk method. The specimen geometry
is shown in Figure 5. Polishing of the surface was done using
silicon carbide papers of different abrasive sizes as shown in

Table 3 to produce the desired surface flatness and smoothness.

4mm

r=40mm

Figure 5. Prepared composite disk specimen used in the
thermal conductivity test

Table 3. The ASTM standard dimensions for thermal

conductivity
Test Specimen Diameter Thickness Testing
Shape (mm) (mm) Method
Lee’s
Thermal . Disk
Conductivity Disk 40 4 (ASTM
D5470)

3. THERMAL CONDUCTIVITY DEVICE

Thermal Conductivity of the materials being tested is
determined using a Lee's disc device. The device is made up
of three brass discs and a heating element. Heat is transferred
across the sample from the heater to the next two discs and
finally to the third disc. The thermometers that are inside the
discs (Ta, Ts, and Tc¢) can be used to measure their
temperatures, as shown in Figure 1. For these discs to conduct
heat as efficiently as possible, their surfaces need to be well-
touched and clean. The heater received power from (6.3 Volt),
and the electrical circuit current was approximately 0.23A.
Once the discs reached thermal equilibrium, or almost 120
minutes later, the temperatures were measured. The Egs. (1)
and (2) are used to calculate the values of thermal conductivity.

4. RESULTS AND DISCUSSIONS

Thermal conductivity refers to the transfer of energy within
a material caused by the vibration of its atoms or molecules in
response to temperature changes. Lee disk apparatus is used to
calculate the thermal conductivity of the tested samples.

The thermal conductivity values are calculated using Eqgs.
(1) and (2). to determine the materials' thermal conductivity
both in their unaltered state and following a 15-day immersion
in a typical acid solution (0.3N).

Increasing the weight % of orange peel (OP) and
pomegranate peel (PP) particles in (NC) causes the composite
material's thermal conductivity values to drop, as shown in
Figure 6. The thermal conductivity gradually decreased,
reaching the weight ratio's lowest value (0.11) and reaching
(0.2887) W/m.K for orange peel (OP). Pomegranate peel, on
the other hand, had the weight ratio's lowest value (0.11) or
(0.3774) (PP). The interface between the substrate and the
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support material, as well as the thermally conductive thermal
insulating polymer substance, both influence the composite
material's thermal conductivity. Within an arbitrary
amorphous framework. Therefore, the thermal energy is
randomly distributed as it passes through the random structure
of the polymer composite. In addition, the structure of the core
material contains randomly distributed particles. As a result,
thermal energy is distributed randomly as it moves through the
polymer composite's random structure, which reduces the
thermal conductivity of the composite. The particles were
prepared [18].

1.4 & UPE/OP ~f#-—UPE/PP
g 12 -
=
2 1 \
=
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0.05 0.07 0.09 0.11
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Figure 6. Thermal conductivity value for (UPE/PP &
UPE/OP) composites at (N.C.) with wt%
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Figure 7. Thermal conductivity relation with weight
percentage for (UPE/PP & UPE/OP) composites in H2SO4

Figure 7 demonstrates the connection between the thermal
conductivity and the weight ratio for (UPE/PP & UPE/OP)
compounds upon immersion in acidic solution H>SO4. When
immersed in an acidic solution, we observed that the thermal
conductivity (K) values were higher than those in the normal
state (C, N). as the material has already fractured due to the
entry of an acidic solution (H2SO4), This affects relaxation
linkages and matrix's weak and strong molecular connections.,
increasing the matrix's plasticity where it occurs. In addition
to increasing the reactivity of chemical breakdown solutions,
the scalability of moving molecular chains is facilitated by
heat transfer via molecular chain vibrations and rotational
motion as well as bond-loosening. Materials that increase
thermal conductivity. This agrees with the findings of study
[19].

Field Emission Scanning Electron Microscopy (FESEM)
was employed to investigate the morphology and nature of the
manufactured composite materials. A comparison of FESEM
images (a and b) with (c and d) of the untreated and treated



(UPE/PP & UPE/OP) samples revealed no discernible
differences in surface morphology. Figure 8 (a)-(d)
demonstrated that there is no evident effect on the surface of
samples following (H>SO4) acid treatment.

46:21 AM Custom 10.2 mm 2 000 x 3.00 kV 104 pm 1.77€-3 Pa ETD

(d) Treated UPE/PP with H,SO4

Figure 8. Images of produced composites' morphology

obtained using FESEM
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Figure 9. EDX spectra for (a) UPE/PP and (b) UPE/OP

Table 4. Element ratio for (UPE/OP) composite material

composite material

i (a)
o0
- ¢
wl 5
] &
i 0
W
g@#ﬁr_{.y K;K,‘@.,u,m KR . —— atoq s
0V SkeV 10keV 15keV ke
(a) UPE/PP
1k
[9
500-
| S5 oqa G
Wy | 4 )
o Rty L S R i W m
() ‘ ‘ Sk 10keV ' ISLe\' ke
(b) UPE/OP

Elements ‘\fomics  Atomics (%) Wt Wt (%)
(%) Error (%) Error

C 453 0.4 36.6 0.3
N 15.3 1.5 14.4 1.5
0 334 0.9 36.0 0.9
Mg 0.8 0 1.3 0.1
Al 0.9 0 1.6 0
Si 2.6 0 4.9 0

S 0.1 0 0.3 0
K 0.2 0 0.6 0
Ca 1.1 0 3 0.1
Fe 0.4 0 13 0

Table 5. Element ratio of (UPE/PP) composite material

Elements Atomics Atomics (%) Wt Wt (%)
(%) Error (%) Error
C 439 0.3 349 0.3
N 17.7 1.2 16.3 1.2
o 32.0 0.7 339 0.7
F 0.6 0.2 08 0.2
Na 0.4 0 0.6 0
Mg 0.8 0 1.3 0
Al 0.5 0 1 0
Si 1.1 0 2 0
S 0.3 0 0.7 0
Cl 0.9 0 2 0
K 0.3 0 0.7 0
Ca 1.1 0.0 3.0 0.0
Fe 0.2 0.0 0.7 0.0
Au 0.2 0.0 2.2 0.0

The well-designed processing parameters resulted in an
excellent mixing process of the composite materials
components, as demonstrated by the FESEM pictures, which
also showed a good uniform distribution of the additional (PP
and OP) particles [20], as shown in Figure 8.



The element analysis method known as EDX is based on the
distinctive x-ray emission in sample atoms that are being
tested by incident beam electrons [21], the EDX analysis used
to determine the chemical composition (mineral elements) of
prepared samples at an acceleration voltage of (20 kV).

The EDX spectra of the (UPE/PP and UPE/OP) composites
are displayed in Figure 9(a) UPE /PP and Figure 9(b) UPE/OP.
Table 4 and Table 5 provided the chemical composition ratios
for the manufactured composite materials. The EDX results
showed that the unsaturated polyester composites' structure
contains a large number of metals. While additional metallic
elements found within the structure of unsaturated polyester
composites depend on each filler component, the principal
components observed are oxygen, nitrogen, and carbon which
are assigned to the unsaturated polyester [22].

5. CONCLUSIONS

The thermal conductivity value of the composite decreased
with increasing weight percentage of orange peel (OP) and
pomegranate peel (PP) particles in (N.C). On the other hand,
these (K) increased with immersion duration by a very modest
percentage after immersion in chemical solutions (H2SOs).
The composite showed that for (UPE/OP), the lowest value
(1.2839 W/m.k) was in weight percentage (0.05) and the

highest value (0.2887 W/m.k) was in weight percentage (0.11).

The present research, therefore, emphasizes the possibility
of utilising agricultural waste in the construction of eco-
friendly materials with enhanced thermal conductivity. The
application of such bio-composites could likely have a
tremendous positive impact in economic and environmental
fields, particularly to the extent that they not just up-cycle
agricultural waste, but also cause a reduction in the overall
environmental impact by improving the insulation properties.
The feasibility of mass producing such bio-composites is also
favorable since the two main components, orange and
pomegranate peels, are readily available and relatively cheap.
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NOMENCLATURE
UPE Unsaturated Polyester Resin
opP Orange Peel
PP Pomegranate Peel
K Thermal Conductivity (W/m-K)
T Temperature (°C)
r Radius of Disc (cm)
d Thickness of Disc (cm)
I Electric Current (A)
v Voltage (V)
Greek symbols
A (Lambda)  Thermal conductivity coefficient
p (Rho) Density (g/cm?)
o (Sigma) Standard deviatio
Subscripts
Reference to different discs used in thermal
A,B,C -
conductivity measurements
(01 Refers to Orange Peel in composites
PP Refers to Pomegranate Peel in composites
N.C Normal Condition (Ambient environment)
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