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ARTICLE INFO ABSTRACT

Keywords: This study aimed to investigate the mechanical properties and thermal properties of epoxy
JF and CF WithiRHA composites reinforced jute and coconut fibers with varied rice husk ash (RHA) percentages for
Composite specimens thermal insulation in building wall insulation. In this study, according to ASTM standards, the
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Heat transfer
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seven types of composite samples with varying filler ratios were prepared using the hand lay-up
process. The four jute fiber (JF) samples were prepared with RHA at 0 % (control), 1 %, 2 %, and
3 % of total weight respectively, while the other three coconut fiber (CF) samples were prepared
with CF at 0 % (control), 1 %, and 3 % RHA, respectively. The mechanical and thermal properties
were measured for repeated three samples by using the UTM and TRSYS101 units, respectively.
Regarding the mechanical characteristics, tensile strength increased with the increment of filler
percentage for jute fiber composites, however, tensile strength reduced in the coconut coir
composites as the filler percentage increased. The jute fiber composite sample consisting of 3 %
RHA was found to be the highest among the seven composite samples, with a maximum ultimate
tensile strength of 50.07 MPa and the highest tensile modulus of elasticity (2.85 GPa) with better
energy absorption property. In terms of flexural strength tests, with the increase of filler per-
centage in coconut coir composites, the flexural properties decreased as well. On the contrary for
jute fiber composites, 3 % RHA-JF composite had the highest flexural strength and moderate
flexural modulus of elasticity. This study also found that with the increase of RHA percentage in
JF composites, the thermal conductivity decreases, with a minimum value of 0.03697 W/m.K was
found in 3 % RHA-JF composite, while in CF composites, it increased with the filler percentage.
However, the combined uncertainties of mechanical properties (tensile and flexural) are esti-
mated at 4.57 % and 4.93 %, respectively, while estimated at 5.67 % for thermal conductivity
measurement. As, 3 % RHA-JF composite offers low thermal conductivity, good strength, and
energy absorption, it is suitable for thermal insulation applications. Furthermore, the heat
transfer analysis has been studied analytically by considering two types of wall insulation con-
figurations (type 1 and type 2). Due to its easy capability to insert or attach inside the wall
insulation and get almost similar heat transfer rate, type 2 is considered in actual practice of wall
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insulation. Moreover, the scope of this study is to explore agricultural waste to reduce environ-
mental impact and enhance energy efficiency through thermal insulation inserted inside the
domestic building’s wall.

Nomenclature
A the cross-sectional area through which heat is flowing (m?) q average heat flux (W/m?)
b width of test beam (mm) Q heat transfer through the wall (W)
d depth or thickness of the tested beam (mm) R radius of the beam (mm)
D maximum deflection of the center of the beam (mm) T outer surface temperature of the composite wall (°C)
dT temperature difference (°C) Ty the inner surface temperature of the composite wall (°C)
dx sample thickness (m) Xg, X9, X190  thickness of concrete layer in the composite wall (mm)
Ef flexural modulus of elasticity (MPa) Xj thickness of the insulating material (mm)
E; tensile modulus (MPa) Greek characters
F applied force (N) o¢ tensile Stress (MPa)
Fmax maximum force applied before failure (N) €t tensile strain (dimensionless, often expressed as a percentage)
ki thermal conductivity of the insulating materials (W/m.K) of modulus of rupture, stress required to fracture the sample
(MPa)
kg, ko, k1o thermal conductivity of the concrete layer (W/m.K) €f strain in the outer surface (mm/mm)
Lo original length of specimen (m) Subscripts
L final length of the specimen (m) i 1,2... ... ... 6
m gradient of the straight-line portion of the load-deflection curve (N/ max maximum
mm)

1. Introduction

Thermal comfort significantly influences daily activities, especially in tropical regions where heat waves can elevate indoor
temperatures, thereby impacting human work performance. Warm temperatures inside the structure must be tolerated without
compromising building strength. Buildings lose heat through infiltration and exterior walls, ceilings, windows, and basements. A well-
designed building insulation system that acts as a heat transfer barrier is necessary to achieve thermal comfort. Insulation keeps rooms
cool in summer and warm in winter, creating a comfortable environment for daily activities [1]. Typically, insulation-related materials
are put between internal and exterior walls in attic floors or ceilings. Storm doors and windows improve insulation by producing dead
gaps and weather-stripping frames. The need for inexpensive, lightweight, and structurally sound insulating materials has grown as a
result of standard engineering materials’ high strength, low density, and low conductivity. A common material for thermal insulation is
foamed plastic, however, its mechanical characteristics restrict its use [2]. In these circumstances, composite materials may be used as
an alternative. These materials consist of at least two independent phases or combinations of phases connected at the interface, each
originating from different elemental materials [1]. Synthetic fibers like glass fiber, nylon fiber, and carbon fiber are potential fiber
materials for structure and wear-resistant components. Their low density and exceptional specific stiffness made them valuable en-
gineering materials. Glass fiber-reinforced polymer matrix composites enhance insulating capability. However, they are
non-recyclable, costly, and have caustic and poisonous properties [2]. Natural fibers like jute, coconut coir, rice husk, and banana can
be used to their full potential, while polymer materials are versatile and can be modified with fillers, fibers, and additives. Research is
enhancing natural fiber-reinforced polymer composites (NFRPC), which are increasingly utilized in various industries due to their low
cost, ecological benefits, and mechanical properties. NFRPCs, made from fibers like jute, sisal, bamboo, and coconut coir, offer ad-
vantages such as being lightweight, nontoxic, biodegradable, and effective insulators. Their non-abrasive nature and carbon-absorbing
capacity make them appealing alternatives to synthetic fibers, particularly in automotive applications [3,4] The development of
lightweight, porous materials aims to further improve their mechanical strength and thermal insulation [2]. Composites have been
used since 1500 BC, with modern fiber-reinforced versions emerging in 1945 for military use. Composites are classified into types
based on reinforcement: particle-reinforced, fiber-reinforced, and structural. They can also be categorized by matrix, which binds the
reinforcing material. Polymer matrix composites use fibers in organic polymers to enhance properties, offering low weight, corrosion
resistance, and excellent insulation [5,6,7]. Metal matrix composites (MMC) consist of a metal combined with another material, while
ceramic matrix composites (CMC) are high-temperature, non-metallic materials with ceramic fibers, known for corrosion and thermal
resistance [8,9,10]. Natural fiber-reinforced composites are lightweight, cost-effective, and eco-friendly but face challenges like
moisture resistance. However, incompatibility and low moisture resistance hinder their development [11,12]. In contrast, synthetic
fibers like nylon and polyester are used in fiberglass but are less favored due to high cost and non-biodegradability [13].

Zakriya and Ramakrishnan [14] studied the insulation and mechanical properties of jute and hollow-conjugated poly-
ester-reinforced nonwoven composites, finding superior qualities such as tensile strength, Young’s modulus, hardness, and impact
strength. Praveena et al. [15] examined the mechanical, thermal, machinability, and biodegradability properties of natural
fiber-reinforced polymer composites, emphasizing their environmental benefits and potential applications in interior housing, auto-
mobiles, marine, and residential sectors. Sarukasan et al. [16] created a jute-coir hybrid composite using compression molding, with
the length of 20 mm fibers providing the highest tensile strength and flexural strength. Florea and Manea [17] found that only two
recipes: sheep wool and gypsum, hemp fibers and gypsum met the required standards for thermal conductivity, offering low rigidity,
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heat conductivity, low health impact, energy efficiency, ease of use, and environmental performance. Ghazi and Jaddan [18] studied
the thermal conductivity of epoxy-based composites reinforced with date palm waste particles, aiming to create green materials for
shipbuilding and vehicles. Jani et al. [19] explored the mechanical and thermal insulation properties of surface-modified Agave
Americana/carbon fiber hybrid epoxy composites, using a Universal Testing Machine (UTM) to test mechanical properties. Boopalan
et al. [20] analyzed the mechanical and thermal characteristics of jute and banana fiber-reinforced epoxy hybrid composites, finding
that adding up to 50 % banana fiber increased the composites’ characteristics while minimizing moisture absorption. Bhoopathi et al.
[21] developed and assessed banana, hemp, and glass fiber composites for tensile, flexural, and impact strength. Hybrid composites
reinforced with natural and synthetic fibers with varying percentages of fillers have higher elastic moduli and better energy dissipation
[22]. Jahir et al. [23] researched jute and glass fiber-reinforced epoxy composite to strengthen the natural fiber. They examined how
synthetic fiber orientation affected the composite’s mechanical characteristics. Additionally, carbon fiber and glass fiber were used by
Debnath et al. [24] as a reinforcing element with the timber beams to boost their strength.

Research on hybrid composites with carbon-Kevlar-basalt-innegra fibers and fillers optimized mechanical and thermal properties
through artificial neural network (ANN) modeling [25]. Adding titanium carbide nanofillers and coir microparticles improved the
mechanical and thermal stability of basalt-innegra fiber composites. Biowaste fillers like banana, pineapple, and coir fly ash enhanced
hybrid fiber epoxy composites [26]. Natural fiber-reinforced laminates outperformed glass fiber composites, with fibers placed at a
45-degree angle showing superior properties [27]. Banana fiber composites exhibited better wear performance and lower density than
glass fiber composites. Treated banana-coir fiber epoxy composites had higher tensile and impact strengths, while untreated fibers had
higher flexural strength. Coconut shell fillers in hybrid fiber composites improved tensile, flexural, and impact strengths and reduced
wear-induced weight loss [28]. Sankar et al. [29] employed polypropylene and banana fiber to make hydrophobically treated com-
posite specimens, showing significant tensile and flexural strength, demonstrating the potential of natural fiber-reinforced plastics to
minimize carbon footprints and encourage industries to switch to fiber-reinforced polymers (FRP). Moreover, Hameed et al. [30]
researched the effect of rice husk and ash on coconut fiber-reinforced polyester composites, finding that flexural strength rose with
fiber content but hardness increased with coconut fiber content. Combining natural and synthetic fibers with fillers improved elastic
modulus and energy dissipation [31]. Nano filler-added glass/epoxy composites showed better mechanical behavior, and function-
alized graphene improved the properties of glass fiber epoxy nanocomposites [32]. Chen [33] research on insulating walls using
natural fiber bio-composites revealed increased flexural strength, compressive strength, and elastic modulus with increasing wood
fiber content. The bio-composites were excellent for wall insulation because of their good thermal insulation capacity and thermal
conductivity, which ranged from 0.078 to 0.089 W/(m. K). Tutur et al. [34] introduced the replacement of ordinary Portland cement
with coconut fiber combined with rice husk ash as a potential that could interact between the fibers and the matrix and also influence
the overall performance of the composite, while Hameed et al. [30] incorporated RHA that may adversely affect the hardness prop-
erties of the composite, possibly due to the interactions between the fiber and the filler material. Omar et al. [35] explored the potential
of using coconut fiber with fire retardant paint as a thermal comfort for building ceiling boards. A low-temperature quality of 0.225 W
was found and suggested the fiber is ideal as an insulating material. Hasan et al. [36] developed insulating panels using long and short
coconut fiber and investigated the thermal properties. It is reported that the thermal conductivity was measured within
0.046280-0.062400 W/m.K of the composites, suggesting superior insulating properties. Veeraprabahar et al. [37] prepared the
hybrid composite for various loadings of coconut/jute fiber and conducted the thermal insulation characterization. The results showed
that the porous composites possess excellent performance in thermal insulation of high-temperature heat waves, especially above
350 °C. Building walls significantly enhance energy efficiency and thermal comfort by minimizing heat transfer. Investing in
high-quality, well-designed walls is crucial for optimizing energy consumption and occupant comfort. Composite walls, made up of
two bonded components, offer superior insulation and control over heat flow, making them lightweight, affordable, and better suited
for thermal comfort [38]. In addition, Ahmad et al. [39] reported a review of Zr-based metal-organic frameworks (MOFs) whose targets
were the study of stability and the factors affecting the stability of Zr-MOFs, including the adsorbent capacities, kinetics, and ther-
modynamics. Meanwhile, Naseem et al. [40] introduced a review of the smart polymer based on the enzyme encapsulation system
which enhances the lifetime and tunes the biomedical activities.

Numerous studies have been conducted to explore the methods for enhancing the mechanical strength of epoxy-based composite
materials by incorporating various fillers. While these efforts have yielded significant advancements, a notable gap remains in un-
derstanding the combined impact of natural fibers and agricultural byproducts, such as rice husk ash, as fillers. There is little to no
research on the combined impact of natural fibers and rice husk ash composites for being used in building wall insulation. Despite the
growing interest in sustainable and efficient thermal insulation materials, the synergistic effects of natural fibers and rice husk ash in
epoxy composites have not been extensively studied. Additionally, there is a lack of comprehensive research investigating the optimal
use of rice husk ash as a filler, particularly regarding how varying filler ratios influence the thermal and mechanical properties of these
composites. However, this research generated seven composite samples (0-3 % RHA with jute and coconut fibers): four of jute fiber
and three of coconut fiber with varying rice husk ash content. Thermal and mechanical tests were performed on the samples, and the
optimal filler and fiber combination was determined by comparing composites with varying filler percentages. A heat transfer analysis
was also done for the composite samples. By using the measured thermal conductivity of the composites, the heat transfer rate was
calculated for two different types of walls. Consequently, the goal of this research was to evaluate the impacts of applying various
dosages of rice husk ash to provide thermal insulation and to investigate the effects of this filler on the mechanical and thermal
characteristics of epoxy composites reinforced with jute and coconut fiber.
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2. Methodology and experimental apparatus
2.1. Material selection

In this work, two types of fibers (jute and coconut) are used due to the high silica content, and rice husk ash (RHA) is used in varying
proportions as a cost-effective and easily available filler material for natural fiber-reinforced epoxy composites. Moreover, as per Ch
et al. [41], RHA enhances mechanical properties like impact resistance, tensile strength, and flexural strength and also improves
thermal characteristics by serving as an insulating barrier, making it suitable for energy-efficient building insulation. Epoxy resin is
more favorable than any other polymer matrix due to its chemical resistance, high-temperature resistance, toughness, minimal drying
shrinkage, and corrosion resistance. A hardener is used with resin as a binder named triethylenetetramine and a releasing agent,
specifically wax is used for seeking for easy removal of the prepared specimens from the mold. LS800 grade 3:1 ratio epoxy hardener is
used for this study. The properties of LS800 grade epoxy are listed in Table 1, and the properties of JF, CF, and RHA are listed in
Table 2. At first, the rice husk was cleaned to eliminate contaminants before being screened for filth. To make the ash used in this study,
rice husk was air-dried for 48 h and burned for about 6 h at 550 °C in a furnace [42]. While, the wax is used as a releasing agent in
composite manufacturing to ensure the smooth removal of composite plates from mold, prevent adhesion, and shield the mold surface
from resins and abrasive materials.

2.2. Fabrication of specimen

Fig. 1 shows the schematic diagram of the fabrication process for composite samples. By the way, the composite fabrication process
involved using glass plates with a 300 x 300 x 20 mm?® mold size for uniform layer formation. Fiber mats were cut into the same shape
based on the mold size, using masking tape and permanent markers to prevent edge damage. RHA filler mixed with epoxy resin (3:1
ratio of resin and hardener) through sonication for uniform distribution. The process was completed using a digital weight balance for
accurate weight measurements. The specimen was prepared using the hand lay-up process [50], which involves placing transparent
polythene on a mold, attaching it with masking tape, and evenly dispersing a resin-hardener mixture across it. At first, the mixture of
epoxy resin and RHA was prepared to pour into the mold with the fiber mat. The fiber mat was then positioned and burnished using
epoxy, ensuring all fibers were saturated with epoxy and no dry areas. When all the layers were soaked with resin, the composite was
wrapped in polythene to prevent air from entering and preventing a void fraction. After that, the prepared sample is pressurized by a
smooth weight block for a certain time to ensure uniform thickness until the solidification occurs under the weight block into the mold.
Then, the prepared sample is to be cleaned and cut into the specific standards, and the test samples as in section 2.3.

2.3. Experimental apparatus

2.3.1. Tensile test

The tensile strength, strain, modulus, and ultimate tensile strength are key mechanical properties evaluated in materials. A tensile
test was conducted on a composite material with three samples for each specimen by using ASTM D3039 [51]. The test involved axially
loading the specimen clamped in the jaws of a Shimadzu AGX-V 300 KN UTM machine [52]. The gauge length was set based on the
ASTM standard and maintained at 91 mm in all the samples. Under 2 mm/min loading, the fiber and matrix bonded until fracture
occurred at the ultimate breaking load. Rectangular specimens (200 mm x 25 mm) were cut from the composite plate as per ASTM
D3909. In a tensile test using a UTM for a composite sample, several key equations are used to describe the mechanical properties of the
composite samples. The primary equations and the parameters [53] for measuring the tensile strength, tensile strain, tensile modulus,
and ultimate tensile strength are listed as follows from Egs. (1)-(4), respectively:

F
O :X (1)
b=t @
0
E=2 (3)
&t

Table 1

Properties of LS800 grade epoxy [43].
Part 800A 800B
Color Transparent Transparent
Specific Gravity 1.15 0.97
Viscosity (25 °C) 2000-4000CPS 50MAXCPS
Mixing Ratio A: B = 100:33(weight ratio)
Hardening Conditions 25 °C x 24H-48H (100g)
Useable Time 25 °C x 120min (100g)
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Table 2

Properties of jute fiber (JF), coconut fiber (CF), and rice husk ash (RHA).
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Properties JF [44,45] CF [45,46] RHA [47,48,49]
Tensile strength, MPa 300-1200 40-90 -

Moisture content, % 12-14 10-15 2.15

Fiber length, cm 1-4 10-30 -

Density, g/cm® 1.3 1.15 0.495

pH 6.5-7.5 5.5-6.8 -

Thermal conductivity, W/mK 0.035-0.042 0.05-0.1 -

Water retention capacity, % 200-400 400-500 -

Chemical composition

Color
Specific gravity

Cellulose (60-70 %), Hemicellulose (10-15 %),
Lignin (10-15 %),
Pectin (1-2%)

Off-white to brown
1.30-1.48

Cellulose (43-45 %), Lignin (22-33 %),
Hemicellulose (19-26 %),
Pectin (1-3%)

Light brown to golden brown
1.34-1.98

Si0O; (80.7-95.87 %),
Al,03 (0.36-0.41 %),
Fe;03 (0.13-2.86 %),
CaO (1.12-1.5 %),
MgO (0.30-0.82 %),
SO3 (0.67-1.17 %),
Nay0 (0.85-1.15 %),
K20 (0.77-2.11 %),
LOI (2.81-6.55 %)
Grey

2.02-2.21

Fiber Mat

Crystal Clear

EPOXY RESIN (3:1)

Epoxy Resin

Rice Husk

Wax coating

Resi
7esm Roller brush

Fiber layers

ixture of epoxy
/ resin and RHA

9

Rice Husk Ash

Poured into the mold and pressurized by weight block

Fig. 1. Schematic diagram of the fabrication process for composite samples.

(b)

(c)

Fracture

Prepared
Specimen

Measurement

Fig. 2. Tensile test: (a) specimen at UTM, (b) specimen before the test, and (c) specimen after the test.
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Fmax
urs=—+ (C))

where o is the tensile strength (MPa), ¢, is the tensile strain (as a percentage), and E; is the tensile modulus (MPa), respectively. A force
F is applied to the specimen to measure the tensile test. Where F is applied force (N), A is the original cross-sectional area of the
specimen (mz), Ly is the original length of the specimen (m), L is the final length of the specimen (m) and Fmax is the maximum force
applied before failure (N). Fig. 2(a—c) illustrates the specimen at UTM, the specimen before the test, and the specimen after the test,
respectively. The noticeable fracture of the specimen was found after the test, and the obtained results are presented in section 3.1.

2.3.2. Flexural test

For the flexural test, the specimens were prepared according to the ASTM D790 [54] standards and examined three samples for
each specimen. In this study, the 3-point test was considered which is the most common flexural test and also known as the three-point
bending method for prepared composite samples. The test was carried out in the UTM, while the flexural test specimen size was
specified to be in the form of a rectangle in ASTM D790 [54]. Initially, a rectangular specimen was cut from the fabricated composite
plate using a circular saw machine according to thickness. The span length of each specimen of jute fiber was 68 mm and each
specimen of coconut fiber was 119.5 mm long as per ASTM 790 standard and at a cross head speed of 5 mm/min of stroke was used to
test all specimens. Fig. 3 shows the universal testing machine for flexural test measurement, while Fig. 3(a) shows the specimen at
UTM, and Fig. 3 (b) and (c) interpret the specimen before the test and the specimen after the test, respectively. A noticeable fracture of
the specimen was found after the test and the obtained test results are incorporated in the result and discussion section in 3.2.

In a three-point flexural test of composite materials using a UTM, the primary equations [55] used to determine the flexural
strength (o), flexural modulus (Ep), and strain (ef) are listed in Eq. (5), Eq. (6), and Eq. (7), respectively, as follows:

3FL
L’m

I~ 4bdd Q)
6Dd

Ef = ? (7)

where oy is the modulus of rupture, the stress required to fracture the sample (MPa), ¢fis the strain in the outer surface (mm/mm), Eyis
the flexural modulus of elasticity (MPa), F is the load at a given point on the load-deflection curve (N), L is the support span (mm), b is
the width of test beam (mm), d is the depth or thickness of tested beam (mm), D is the maximum deflection of the center of the beam
(mm), m is the gradient of the initial straight-line portion of the load-deflection curve (N/mm), and R is the radius of the beam (mm).

2.3.3. Thermal test

Fig. 4 shows the thermal conductivity measuring apparatus which consists of a TRSYSO1 unit with a data logger, temperature
sensor, heat flux sensor, heater, measurement chamber, and insulator. It measures thermal transmittance and resistance, following
ASTM C1155/C1046 and ISO 9869 standards. The system includes two heat flux sensors, matching thermocouples, and high-accuracy
electronics. The system provides high confidence in results due to redundancy at two locations, and its accuracy ensures continuous
monitoring even when other systems fail. The HFPO1 sensor measures heat flux through walls, building envelopes, and soil [56].
However, the composite was set up into a rectangular shape frame with dimensions of 147.30 x 203.20 x 10 mm. The data logger was
attached to the outer surface of the sample and placed in contact with a heat source inside the chamber. A temperature sensor was
attached to the opposite surface of the sample. A heat flux sensor was also attached to the outer surface. The heat source was turned on
and, it was allowed to reach a steady temperature. Temperature readings were recorded in the data logger from the temperature sensor

Fig. 3. Flexural test: (a) specimen at UTM, (b) specimen before the test, and (c) specimen after the test.
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Heater Composite Sample

Temperature Sensor

Heat Flux Sensor

Measurement Chamber

Measurement Unit (TRSYS01)
with Data Logger

Data Screen

Fig. 4. Experimental setup for measuring the thermal conductivity of prepared composites.

at regular intervals. The heat flux was calculated from the power input to the heat source, and the temperature difference was
determined from the difference between the readings from the data logger and the temperature sensor. The thermal conductivity of the
sample was calculated using Eq. (8) of Fourier’s law of heat conduction [57] as follows:

q x dx
dT

k= ®
where k is the thermal conductivity, g is the heat flux, dT is the temperature difference, and dx is the thickness of the sample. The
measurement was repeated several times in order to get the average heat flux and temperature difference. Each data was taken at every
10 min interval and the total measurement period was around 5-7 h.

2.4. Apparatus reliability

The Shimadzu AGX-V 300 KN UTM was utilized for both tensile and flexural properties, and the TRSYSO1 unit was used to measure
the thermal properties in this study. To ensure the reliability of the apparatus, the variability in the test results was compared with
previous studies that used the same equipment. For tensile tests, Karua et al. [58] reported a compressive strength of 3.15 + 0.17 MPa
for jute fiber reinforced with perlite and a flexural strength of 1.96 + 0.35 MPa for the same sample. Saif and Islam [59] recorded a
tensile strength of 31.84 + 1.07 MPa for untreated bagasse fiber, with a standard deviation of 1.07 MPa across five samples. In
comparison, the standard deviation (SD) for the tensile strength in this study was 1.28 MPa for the jute fiber-reinforced (JF) epoxy
composite with 1 % RHA, 2.03 MPa for 0 % RHA, and 1.28 MPa for 3 % RHA. For flexural tests, Karua et al. [58] reported an SD of 0.35
MPa, while Hossain et al. [60] observed a range from 0.40 MPa to 2.95 MPa for different sandwich structures. In this study, the
standard deviation for flexural strength was 1.146 MPa for 0 % RHA and 1.9614 MPa for 1 % RHA composites. Although some values in
this study exhibit greater variability than those reported by Karua et al. [58] and Saif and Islam [59], this is largely due to differences in
fiber treatment and composite preparation processes, as well as the complex interactions between jute fibers and RHA in the epoxy
matrix. To further assess reliability, the coefficient of variation (CV) was calculated. Saif and Islam [59] reported a CV of 3.36 % for
untreated bagasse fiber in tensile strength, and Karua et al. [58] calculated a CV of 17.86 % for flexural strength. The CV values for the
tensile strength in our study were higher, reflecting the unique characteristics of the RHA-jute fiber composites under evaluation.
Despite the observed variability, the repeatability of the testing procedures and consistent loading rates affirm the precision of the
Shimadzu AGX-V 300 KN across varying material systems. Additionally, the TRSYSO1 heat flux measuring system was used to evaluate
thermal performance. Hossain [61] reported an uncertainty percentage of +6 % for roof material and +4.95 % for wall material when
using this device. Hence, the consistent test parameters, such as the loading rate of 5 mm/min in both this study and the comparison
studies, demonstrate that the Shimadzu AGX-V 300 KN provides reliable results under different material and testing conditions. Given
the consistency in measurement and the known uncertainty levels, the reliability of the thermal performance data in this study is well
within acceptable bounds for experimental apparatus.
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2.5. Uncertainty measurement

The uncertainties of these measurements were estimated by the GUM (Guide to the Expression of Uncertainty in Measurement)
guideline using the law of propagation [62,63,64]. The accuracy of these measurements was influenced by several important pa-
rameters introduced during the measurements. The most common input variables that cause uncertainty in the tensile test are the
invariability in the thickness of the specimens, variation in gauge length, and variation in the orientation of the sample. Change in
loading rate can also be a major factor while evaluating tensile strength. For flexural tests, span length, specimen thickness, and fiber
orientation are the key factors for the uncertainty. Loading rate plays an important role in this part as well [65,66]. Moreover, the
thermal conductivity measurement includes inaccuracy owing to the hot and cold surface temperature of the tested walls and roofs as
well as heat flux. In addition, the uncertainty estimation varies from the test specimen dimension, measurement condition, also the
obtained parameter measurement, and so on.

However, the combined standard uncertainty u.(Y) is the positive square root of the combined variance u?(Y), generally written as
below as Eq. (9) which is utilized and followed by several researchers [65,66,67,68,69,70].

u(Y)= i Kag_}(?)z uz(Xi)} 9)

i=1

where u?(X;) are the variances of several input parameters X;,i = 1,2,3,.....N. The standard uncertainty u(X;) is defined as type-A and/
or type-B, depending on whether it is random or systematic, where type-A means random consideration and type-B is systematic
consideration. The type-A evaluation comes from the measurement errors, whereas the type-B evaluation is from the reading in-
strument or calibration. Finally, the combined uncertainties of mechanical properties (tensile and flexural) are estimated at 4.57 % and
4.93 %, respectively, while estimated at 5.67 % for thermal conductivity measurement.

3. Results and discussion
3.1. Tensile properties

The tensile test results are listed in Table 3, while the stress vs. strain curve and the force vs. displacement curve are presented later
based on the obtained data.

Fig. 5 presents the tensile stress vs. strain curve, where the stresses are increased with the strain at the maximum amount for seven
specimens. The maximum stress value for the 3 % RHA + JF sample (51.04 MPa) is the highest of them. This is followed by the 2 %
RHA + JF sample (50.87 MPa), the 1 % RHA + JF sample (42.92 MPa), the 0 % RHA + JF sample (36.51 MPa), while the 0 % RHA + CF
sample (20.35 MPa), 1 % RHA + CF sample (19.53 MPa), and lastly the 3 % RHA + CF sample (15.61 MPa) that has the lowest value of
tensile stress. Compared to other composites, the strain value for the composite sample consisting of 3 % RHA and jute fiber is fairly
good. This suggests that the composite made of 3 % RHA and jute fiber has moderate ductility. Among the seven samples, the 3 % RHA
+ Jute Fiber composite had the highest strength and highest degree of ductility, making it an excellent choice for structural appli-
cations requiring both strength and flexibility. As per the study by De Silva and Naveen [71], with the increase of RHA percentage with
coconut fiber, workability decreases. In this study, we have observed less strength for the 3 % RHA + CF compared to 1 %, and 0 %

Table 3
Tensile test results.

SL Specimen Name Ultimate Force (N) Tensile Modulus of Elasticity (GPa) Ultimate Tensile Strength (MPa) Energy Absorption (J)

1 0 % RHA + JF 3571.71 2.323 32.8694 8.2985
4182.85 2.249 36.2205 10.5237
4367.154 1.992 36.5188 11.1151

2 1 % RHA + JF 5057.673 2.495 42.5454 14.0182
4835.148 2.07 40.5338 12.6777
4839.3 1.815 42.9230 14.1727

3 2 % RHA + JF 5501.101 2.600 50.8777 18.2207
5414.976 2.046 48.4863 20.4366
5492.234 2.146 50.2947 19.0252

4 3 % RHA + JF 5580.222 3.046 50.5433 15.6575
5271.090 2.678 48.6206 17.4798
5550.697 2.839 51.0412 15.3270

5 0 % RHA + CF 3801 1.624 20.3597 5.7611
3516 1.253 18.0470 5.3407
3836 1.616 20.1949 5.7621

6 1 % RHA + CF 3589.74 1.432 18.4897 6.0581
3368.85 1.405 16.7653 6.1539
3289.95 1.344 19.5323 5.9896

7 3 % RHA + CF 2832.57 1.225 14.4640 6.8008
2780.448 0.975 14.4321 6.8969
2884.476 0.996 15.6154 7.4691
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Fig. 5. Tensile test stress vs. strain curve.

RHA with CF.

Fig. 6 indicates the tensile force vs. displacement curve, where the force would be sustained at a maximum amount with the
displacement, and after that, the rapture/fracture occurred at maximum displacement. It is found that the 3 % RHA and jute fiber
composite sample performs significantly better than the other samples, with a maximum force of 5580.22 N. With 5501.10 N, the
composite sample consisting of 2 % RHA and jute fiber has the second-highest maximum force value. The maximum forces of the
composites with 1 % RHA + JF, 0 % RHA + JF, 0 % RHA + CF, 1 % RHA + CF, and 3 % RHA + CF are 5057.673 N, 4367.154 N, 3836 N,
3589.74 N, and 2884.476 N, respectively.

Based on the bar chart data shown in Fig. 7, it is clear that the seven different composite samples have significantly different tensile
properties. In terms of ultimate tensile strength, the 3 % RHA + JF composite has the highest value for average tensile strength of
50.07 MPa, followed by the 2 % RHA + JF sample (49.89 MPa), the 1 % RHA + JF sample (42.00 MPa), the 0 % RHA + JF sample
(35.20 MPa), the 0 % RHA + CF sample (19.53 MPa), the 1 % RHA + CF sample (18.26 MPa), and lastly the 3 % RHA + CF sample
(14.87 MPa) that has the lower value of ultimate tensile strength. In terms of stiffness, the 3 % RHA and jute fiber composite also have
the highest tensile modulus of elasticity (avg.) of 2.85 GPa. This indicates that the 3 % RHA + JF composite is the stiffest material of the
seven, while the 3 % RHA + CF composite is the most flexible. The other composites appear to be an intermediate between the 3 %
RHA + CF and 3 % RHA + JF composites in terms of both strength and stiffness.

3.2. Flexural properties

The flexural test results are listed in Table 4, while the stress vs. strain curve and the force vs. displacement curve are presented later
based on the obtained data.

Fig. 8 shows the flexural stress vs. strain curve, where maximum stress was found to correspond with strain. The maximum stress
(81.76 MPa) for the 3 % RHA + JF was observed to be the highest among the seven samples. Subsequently, the composite sample of 2 %
RHA + JF sample (69.89 MPa), 1 % RHA + JF sample (68.99 MPa), 0 % RHA + JF sample (65.91 MPa), while the 0 % RHA + CF sample
(38.18 MPa), 1 % RHA + CF sample (35.25 MPa), and lastly the 3 % RHA + CF sample (31.61 MPa) exhibit the lowest maximum stress
value. With the increase in the RHA percentage, the workability decreases significantly. A similar trend was observed in the study by
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Fig. 6. Tensile test force vs. displacement curve.
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Fig. 7. Tensile test results comparison of all composites.

Table 4
Flexural test results.
SL Specimen Name Ultimate Force (N) Flexural Modulus of Elasticity (GPa) Ultimate Flexural Strength (MPa) Energy Absorption (J)
1 0 % RHA + JF 252.537 3.095 65.9144 1.0648
192.648 2.789 64.8447 0.8846
253.653 2.673 65.1352 2.2989
2 1 % RHA + JF 236.691 2.933 65.7794 0.7635
260.652 2.636 68.9895 1.0467
262.206 2.313 65.2803 1.1435
3 2 % RHA + JF 262.361 2.507 65.6115 0.8238
250.491 2.488 69.8995 1.1233
277.961 2.162 68.5656 1.0861
4 3 % RHA + JF 322.35 2.948 81.7589 1.7376
313.584 2.578 76.7727 1.9304
312.396 2.354 73.7439 2.5001
5 0 % RHA + CF 188.715 2.309 38.1871 0.4214
196.581 2.185 34.3269 0.6065
173.919 2.317 34.4887 0.5310
6 1 % RHA + CF 191.677 1.895 35.2516 1.1598
185.365 1.845 34.5925 1.2954
173.985 1.758 32.2532 1.5875
7 3 % RHA + CF 171.00 0.842 22.9173 2.2227
202.974 1.014 27.7483 3.3725
185.835 1.025 31.6127 3.3950
100
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Fig. 8. Flexural test stress vs. strain curve.
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Tutur et al. [34], where an increase in the percentage of rice husk ash (RHA) led to a reduction in the compressive strength of the
composite. This suggests that higher RHA content may compromise the material’s ability to withstand compressive stresses and
hardness.

Fig. 9 indicates the force vs. displacement curve of the flexural test, with a maximum force of 322.35 N, the 3 % RHA + JF sample
surpasses the other seven samples considerably. The sample made up of 2 % RHA and jute fiber has the second-highest maximum force
value, measuring 277.96 N. The maximum forces of 253.653 N, 262.206 N, 196.581 N, 191.677 N, and 202.974 N are the respective
values for the composites with 0 % RHA + JF, 1 % RHA + JF, 0 % RHA + CF, 1 % RHA + CF, and 3 % RHA + CF, respectively.

Fig. 10 shows the seven different composite samples with considerably varying flexural properties. The 3 % RHA and jute fiber
composite have the average ultimate flexural strength (77.43 MPa), followed by the 2 % RHA + JF sample (68.03 MPa), which is the
second highest, the 1 % RHA + JF sample (66.65 MPa), the 0 % RHA + JF sample (65.96 MPa), while the 0 % RHA + CF sample (35.67
MPa), 1 % RHA + CF sample (34.03 MPa), and lastly the 3 % RHA + CF sample (27.43 MPa) that indicates the lowest ultimate flexural
strength. In the case of the stiffest composite, it is 0 % RHA + JF, with a flexural modulus of elasticity (avg.) of 2.85 GPa. The 1 % RHA
+ JF and 3 % RHA + JF composites had the second-highest flexural modulus of elasticity, measuring an average of 2.63 GPa, while 2 %
RHA + JF has the lowest of 2.38 GPa. This means that the 3 % RHA + JF composite is the stiffest of the seven, while the 0 % RHA + JF
composite has a decent stiffness. Moreover, the flexural modulus of elasticity for CF decreases with an increase in the filler percentage
as 0 % RHA + CF, 1 % RHA + CF, and 3 % RHA + CF found of 2.27, 1.84, and 0.96 GPa, respectively.

Fig. 11 shows the energy absorption both for tensile and flexural tests with varying filler percentages. In terms of tensile energy
absorption, 2 % RHA and jute fiber composite have the highest value for energy absorption with an average value of 19.23J. A higher
energy absorption capability implies that the composite material can absorb more energy before failure or significant damage occurs.
While 3 % RHA + JF composite also exhibits a moderate value of 16.15 J. On the contrary for the flexural energy absorption, the 3 %
RHA + CF composite absorbs the most energy, with a value of 3.00 J. The higher energy absorption capability indicates that the
composite material can absorb more energy before failing or causing substantial damage. While 3 % RHA + JF composite has the
second highest energy absorption value of 2.06 J.

3.3. Thermal properties

Fig. 12(a—d) shows the variation of surface temperatures and heat flux with respect to time for varying RHA with jute and coconut
fiber. The blue line indicates the temperature difference, the grey line indicates the outer surface temperature and the red line indicates
the inside surface temperature of the sample. In the right side figure, the black line indicates the heat flux of the samples. For 0 % RHA
+ JF, it is found from the above graph at steady state condition, the average temperature difference of the sample has been observed of
4.4544 K and the average heat flux of 46.48 W/m?. Similarly, for the other three samples of jute fibers having 1 % RHA + JF, 2 % RHA
+ JF, and 3 % RHA + JF, the average temperature differences are observed as 4.6584 K, 5.3542 K, and 6.5712 K. While the average
heat flux of above three samples is recorded as 46.656 W/mz, 48.052 W/mz, and 51.34 W/mz, respectively. While for the 0 % RHA +
CF, it is found from the above graph at steady state condition, the average temperature difference of the sample has been observed at
5.7042 K and also the average heat flux has been found at 37.124 W/m?. Similarly, in the other samples of coconut fiber of 1 % RHA +
CF and 3 % RHA + CF at steady state conditions, the average temperature differences of the samples are found of 5.3981 K, 4.7596 K,
and the average heat fluxes are found as 38.273 W/m? and 39.982 W/m?, respectively. After obtaining the steady-state points for the
inside surface temperature of the samples (thickness, dx = 4.464 mm), the average temperature difference is calculated from the inner
and outer surface temperatures and also calculated the average heat flux for the corresponding samples. Moreover, the thermal
conductivity of the seven samples was found using Fourier’s law of heat conduction of Eq. (8). Finally, the measured thermal con-
ductivity of the seven samples is listed in Table 5.

Fig. 13 shows the thermal conductivity value compared with seven types of samples. The x-axis filler weight percentage and the y-
axis represent thermal conductivity in W/(m. K). Comparing all of the fabricated composites, it is seen that the thermal conductivity of
jute fiber reinforced epoxy composite decreases as the filler weight percentage increases, which was desirable for the purpose of this
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Fig. 9. Flexural test force vs. displacement curve.
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Fig. 11. Energy absorption during the tensile and flexural test with varying filler percentage.

study. RHA includes silica, which helps reduce the thermal conductivity of composite materials. The 3 % RHA + JF sample has the
lowest thermal conductivity value, 0.03697 W/(m. K). In JF composites, the better dispersion of RHA and stronger bonding reduce
heat conduction by creating an effective barrier to thermal pathways.

Unlike jute fiber composites, the thermal conductivity of CF composites increased with higher RHA content, peaking at 0.07469 W/
m.K for the 3 % RHA + CF, while the minimum at 0.05298 W/m.K for the 0 % RHA + CF composites. The addition of filler in the
coconut fiber composite increases thermal conductivity due to a variety of factors, including the relatively less porous behavior of CF,
and the dispersion of fillers within the composites. Additionally, the inherently lower thermal conductivity of jute fibers compared to
coconut fibers enhances the insulating performance of JF composites, making them more suitable for thermal insulation.

3.4. Heat transfer through the building wall

In this study, two types of composite walls are considered for solving the problem analytically to estimate the heat flow through the
walls for the purposes of building insulation. The first one is a three-layer composite wall (type 1) consisting of two outside layers of
typical concrete and an insulating prepared composite in the middle, while the other is a two-layer composite wall (type 2) consisting
of the outside layer built of typical concrete and the inner layer is prepared composite as an insulating material, as illustrated in Fig. 14
(a) and (b), respectively.

For type 1, the total heat flow through a three-layer composite wall can be calculated using the following Eq. (10):

=Q {kA At k«TA} (10)
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Table 5
Thermal conductivity results.
SL No. Specimen Avg. thickness, x; (mm) Avg. heat flux, q (W/m?) Temp. difference, dT (K) Thermal conductivity, k (W/mK)
1 0%RHA + JF 4.464 46.48 4.4544 0.04658
2 1%RHA + JF 4.3875 46.656 4.6584 0.04394
3 2%RHA + JF 4.2308 48.052 5.3542 0.03797
4 3%RHA + JF 4.7316 51.34 6.5712 0.03697
5 0%RHA + CF 8.1375 37.124 5.7024 0.05298
6 1%RHA + CF 8.3865 38.273 5.3981 0.06122
7 3%RHA + CF 8.8916 39.982 4.7596 0.07469

*Avg. means “Average”, and Temp. means “Temperature”.
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Fig. 13. Comparison of thermal conductivity.
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Fig. 14. Illustration for heat flow through a composite wall: (a) three layers, and (b) two layers.

Again for type 2, the total heat flow through a two-layer composite wall can be calculated using the following Eq. (11):

X10

Tl_T4:Q2|:

N
kio)A KA

a1

Where, Q; and Q2 are the rate of heat transfer through the wall material (W), k; i=1, 2, 3, 4, 5, 6, and 7), kg, ko, and kj¢ are the thermal
conductivity of the materials (W/m.K), A is the cross-sectional area through which heat is flowing (mz), xi(i=1,2,345,6,and 7), xg,
X9, and xj¢ are the thickness of each layer of the composite wall (m), and T; & T4 are the outer and inner surface temperature of the

composite wall (°C).

As the heat transfer analysis was conducted analytically, the following considerations are taken into account for the solution of the
building’s wall insulation. The total thickness of the composite wall is 254 mm (10 inches). The thermal conductivity (k;) of fabricated
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seven specimens was measured using the TRSYSO1 measurement unit which has been listed in Table 5 and also illustrated in Fig. 13,
while the thickness (x;) is recorded for calculated the heat transfer analytically through the composite wall (taking,i=1, 2, 3, 4, 5, 6,
and 7). By the way, the considerations for analyzing the analytical solution of heat transfer of the composites for the type 1 and type 2
walls are listed as following Table 6:

For measuring the heat transfer through the composite wall, the analytical solution is to be carried out while two cases (type 1 and
type 2) of study are done. To ensure optimal thermal comfort within a building, the interior temperature should be maintained be-
tween 21 and 22 °C. Considering the area of the composite wall (A = 3 x 6 = 18 m?), while for the proper thermal comfort inside the
room inner temperature, T4 = 22 °C. In summer, the input temperature is considered one time at maximum temperature (T; = 45 °C)
and another time at minimum temperature (T; = 27.5 °C) shown in Table 7. However, the information listed in Table 7 shows how
temperatures vary by season in South Asian countries [72]. In this study, it has been performed analytically to maintain the comfort of
room inside temperature (22 °C) both in summer and winter. Furthermore, for winter the average maximum (T; = 17.5 °C) & min-
imum (T; = 7.5 °C) temperatures are considered. Similarly, the total heat transfer for different insulating materials can be calculated
for variations of seasons. The heat transfer of type 1 and type 2 composite walls was obtained as listed in Tables 8 and 9, respectively.
Meanwhile, the negative sign indicates the reverse direction of heat flow. It is found that the heat transfer of composite walls of type 1
and type 2 are observed as almost similar trends of findings.

Moreover, Fig. 15 shows the bar chart indicating the heat transfer through the composite wall for summer and winter seasons
according to maximum & minimum temperature (at 45 °C & 27.5 °C for summer and at 17.5 °C & 7.5 °C for winter). It is found that the
obtained heat transfer through the composite wall (type 1 and type 2) is decreased when the filler used increases to 0-3 % of RHA with
jute fiber and coconut fiber composites. As the heat transfer rate through composite walls of type 1 and type 2 is almost similar, it is
suggested to use the type 2 wall insulation in actual practice due to easily fabricate/attach the insulating material as prepared specimen
into the inner surface of the building wall than the middle of insulating material as prepared specimen between two concrete layers.

4. Comparison with traditional insulation materials
4.1. Insulation efficiency

From this study, the 3 % RHA + JF composite shows the lowest thermal conductivity of 0.03697 W/m.K and for this reason, it is
suggested for the building thermal insulation. From the literature, foam plastics are widely used as the most traditional materials for
building thermal insulation while two types are expanded polystyrene (EPS) and polyurethane foam (PU). The thermal conductivity of
EPS is in the range of 0.035-0.040 W/m-K [73,74], while the PU is in the range of 0.035-0.045 W/m-K [75]. However, Fig. 16 shows
the comparison of the thermal conductivity of the 3 % RHA + JF composite with EPS Foam and PU Foam plastics. The 3 % RHA + JF
composite shows a thermal conductivity of 0.03697 W/m-K, which is comparable to or even better than common insulation materials
like EPS and PU foams, which typically range between 0.035 and 0.045 W/m-K. It is concluded that the 3 % RHA + JF composite offers
comparable thermal insulation to conventional foam plastics (EPS and PU foam), making it a viable alternative for thermal insulation
in buildings.

4.2. Cost analysis and environmental impact

In terms of processing, the hand lay-up method was used which is simple and cost-effective for small-scale production. However, for
industrial-scale manufacturing, more automated processes, such as compression molding or resin transfer molding, may be needed.
These methods could increase production efficiency but may also raise processing costs. Even yet, Jute-RHA composites are expected to
be cheaper than traditional foam materials due to the environmental benefits of using waste materials like RHA and the lesser energy
needed to manufacture natural fibers like jute. However, this analysis evaluates the cost of producing a 3 % RHA + JF sample and
compares its cost per square meter with EPS and PU foam plastics.

The cost of producing a 300 x 300 mm (0.09 m?) sample of the 3 % RHA + JF composite is approximately 355.72 BDT per sample,
or 3952.44 BDT per square meter (m?), which is roughly 34.38 USD/m?. This cost is higher due to the small-scale production for testing
purposes. However, if the composite were produced in bulk for large-scale insulation applications, the cost could be reduced by up to
50 % [76]. The 3 % JF + RHA composite, with a bulk production cost of 17.18 USD/m?, is highly competitive when compared to PU
foam (21.74 USD/m?) and EPS foam (8.7 USD/m?). While its price is closer to PU foam, the composite offers significant advantages
that make it a standout choice for insulation. The details of cost estimation are listed in Table 10.

JF 4+ RHA composite is a renewable and biodegradable material, while the PU and EPS foams are non-biodegradable and contribute
significantly to plastic pollution, often ending up in landfills or oceans, where they persist for hundreds of years [79]. The production

Table 6
Considerations are taken into account for the solution of building wall insulation.
Composite wall Thermal conductivity (W/m.K) Thickness (mm)
Type 1 kg = ko ki Xg = X9 X
0.5 listed in Table 5 125 listed in Table 5
Type 2 kio ki X10 X;
0.5 listed in Table 5 250 listed in Table 5
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Table 8

Table 7
Maximum & minimum temperature according to seasons [72].

Seasons Temperature (°C)

Maximum Minimum
Summer 40-50 25-30
Winter 15-20 5-10

Heat transfer for type 1 composite wall.

Heliyon 11 (2025) e42211

Insulating materials

Heat transfer through the composite wall, Q (W)

For summer For winter

At maximum temperature At minimum temperature At maximum temperature At minimum temperature
0 % RHA + JF 706.93 169.19 —138.87 —444.89
1 % RHA + JF 700.89 167.85 —137.93 —441.86
2 % RHA + JF 684.09 163.87 —134.18 —431.83
3% RHA + JF 681.02 162.98 —133.78 —429.14
0 % RHA + CF 719.89 172.32 —140.17 —454.65
1 % RHA + CF 729.27 174.87 —141.13 —459.57
3% RHA + CF 748.17 179.13 —146.83 —472.05

Table 9
Heat transfer for type 2 composite wall.

Insulating materials Heat transfer through the composite wall, Q (W)

For summer For winter

At maximum temperature At minimum temperature At maximum temperature At minimum temperature
0 % RHA + JF 706.64 168.98 —138.25 —445.49
1% RHA + JF 700.47 167.50 —137.05 —441.60
2 % RHA + JF 683.90 163.54 —133.81 —431.16
3% RHA + JF 680.70 162.77 —133.18 —429.14
0 % RHA + CF 719.37 172.02 —140.75 —453.52
1 % RHA + CF 728.98 174.52 —141.59 —458.85
3 % RHA + CF 747.90 178.84 —146.33 —471.50
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Fig. 15. Heat transfer through the composite wall for summer and winter seasons according to maximum & minimum temperature.
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Fig. 16. Comparison of the thermal conductivity with traditional insulation materials: EPS foam [73,74] and PU foam [75] plastics.

Table 10
Cost comparison of JF + RHA over traditional materials.
Material Cost (BDT/m?) Cost (USD/m?)
3 % JF + RHA Composite (Limited) 3952.44 34.38
3 % JF + RHA Composite (Bulk, 50 % Reduction) 1976.22 17.18
EPS Foam [77] 1000.00 8.7
PU Foam [78] 2500.00 21.74

process of both PU and EPS foams is highly energy-intensive. PU foam, for instance, consumes approximately 4-8 kWh of electricity
per kilogram during production. This means that producing a cubic meter of PU foam, which weighs around 35-50 kg, could consume
140-400 kWh of electricity [80]. EPS foam, while slightly less energy-consuming, still requires about 2-4 kWh per kilogram,
amounting to 40-160 kWh per cubic meter of foam. In comparison, the 3 % JF + RHA composite uses natural materials and a simpler
production process, resulting in much lower energy consumption and a smaller overall carbon footprint. In addition to its thermal
efficiency, the composite’s biodegradability and lower environmental impact make it a far superior alternative to both PU and EPS
foams, which are produced using toxic chemicals and emitting harmful gases like HCFCs and HFCs. While the 3 % JF + RHA composite
may be priced similarly to PU foam, its eco-friendly properties and reduced environmental impact make it an ideal choice for those
seeking sustainable and high-performance building insulation.

5. Conclusion

In this study, the investigation of the suitability of epoxy composites reinforced with coconut and jute fibers for thermal insulation
applications in buildings was done where the composites were prepared using the hand lay-up method with varying percentages of
RHA filler. The specific findings of this research are as follows:

o The tensile values improve with increasing filler percentage in the jute fiber composites while decreasing strength with increasing
filler percentage in coconut fiber composites. It is observed that the 3 % RHA and jute fiber composite with ultimate tensile strength
of 50.07 MPa and highest tensile modulus of elasticity, and good energy absorption. This indicates that the 3 % RHA and jute fiber
composite is the best material of the seven specimens in terms of strength, stiffness, and energy absorption making it an excellent
choice for structural applications. Meanwhile, the 3 % RHA + coconut fiber composite is the weakest.

o The flexural properties decrease with increasing filler percentage in the coconut fiber composites, while the 3 % RHA and jute fiber
composite show the highest ultimate flexural strength and moderate flexural modulus of elasticity. The results show that, in terms
of strength, stiffness, and energy absorption, the 3 % RHA + Jute Fiber composite performs overall the best out of the seven
materials, making it a great option for building purposes.

e The thermal conductivity is decreased with increasing filler weight percentage in jute fiber composites, on the contrary, it is
increased with increasing filler weight percentage in CF composites. The minimum thermal conductivity is observed as 0.03697 W/
m.K in 3 % RHA + JF composite.
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e The study concluded that the 3 % RHA + JF composite sample has the lowest thermal conductivity, good strength, and reasonable
stiffness and energy absorption capacity, making it suitable for improving thermal insulation in buildings.

e The obtained heat transfer through the composite wall (type 1 and type 2) is decreased when the filler used increases as 0-3 % of
RHA with jute fiber and coconut fiber composites. As the heat transfer rate through composite walls of type 1 and type 2 is almost
similar heat transfer rate, it is suggested to use the type 2 composite in actual practice due to easily fabricate the insulating material
as prepared specimen into the inner surface of the building wall than the middle of insulating material as prepared specimen
between two concrete layers.

The scope of exploring jute and coconut fiber-reinforced epoxy composites with rice husk ash filler for building insulation is
promising. These sustainable composites, made from agricultural waste, align with green building practices and can reduce envi-
ronmental impact. They offer improved thermal insulation, leading to energy-efficient buildings and lower greenhouse gas emissions.
Their lightweight nature simplifies transportation and installation, cutting costs and time. Their versatility in various building com-
ponents and potential for improved properties through ongoing research further boost their viability as a sustainable construction
material.
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