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Abstract. The need for eco-friendly materials is driving research on natural
fiber-based composites as alternatives to conventional materials. An
automated compaction device rated at 3000 Psi was designed and evaluated
in this research to address fabrication pressure deviations, a major issue in
human lay-up procedures. Three samples of polyester/coconut fiber
composites were prepared using the ratio of fiber to resin of 40:60 (Sample
A), 50:50 (Sample B), and 60:40 (Sample C) in volume. The samples were
characterized using FTIR, SEM, and STA. FTIR shows that no significant
peak shifts are observed between the sample. Based on SEM
characterization, Fiber distribution across the matrix is uneven in places.
Thermogravimetric analysis, all samples had a primary breakdown window
between 250 and 400°C. Residual masses at 800°C ranged from around 26%
to 33%. Sample B shows the highest weight degradation caused by its
greater cellulose content. When combined, the results show that the specially
developed compaction processes successfully provide coconut fiber-
polyester composites.

1 Introduction

Manufacturing, the automotive sector, and other sectors have all benefited greatly from
technological advancements in materials. Engineering is expanding extremely quickly, and
because of ongoing quality improvement, materials are used more effectively. As an
alternative material, natural fiber composite materials have been especially crucial in the
development of science and technology. Composite materials offer many advantages over
metal, including corrosion resistance, flexible design, good toughness, and lighter weight [1].

Coconut fiber, extracted from the mesocarp of Cocos nucifera, is distinguished by its
high lignin content (40—45 wt.%), which imparts superior moisture and biological resistance
relative to lower-lignin alternatives [2]. Prior studies have examined alkali-treated coir—
polyester composites and reported fiber loading optima in the 30-50 wt.% range for
mechanical performance [3]. However, the thermal degradation behavior of these composites
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across a 40—60 wt.% fiber loading series characterized simultaneously by thermogravimetric
analysis (TGA), derivative thermogravimetry (DTG), and differential scanning calorimetry
(DSC) has not been comprehensively reported alongside spectroscopic and morphological
data [4].

This study addresses that gap by characterizing three coconut fiber—UPR composites at
40, 50, and 60 wt.% fiber (Samples A, B, and C), all fabricated under a controlled compaction
pressure of 3000 Psi. Fourier-transform infrared (FTIR) spectroscopy is used to verify
chemical integrity and interfacial bonding character. Scanning electron microscopy (SEM)
reveals particle distribution and void morphology. Simultaneous TGA-DTG-DSC from 50
to 800°C quantifies multi-stage thermal degradation provides surface mechanical data across
the fiber fraction series. The integrated dataset clarifies how fiber content modifies the
physicochemical, thermal, and surface mechanical response of coconut fiber—polyester
composites, supporting their rational selection for structural and thermal applications.

2 Materials & Methods

2.1 Materials

The matrix material used in this study was unsaturated polyester resin (UPR) of the ortho-
phthalic type, supplied in liquid form with methyl ethyl ketone peroxide (MEKP) as the
catalyst at a 1.5 wt.% addition ratio. Coconut fiber, sourced from locally processed coconut
husks, served as the natural reinforcement. Coconut fibers are dried using a fan at room
temperature. To reduce the moisture content in the coconut fibers, the process needs to stand
for 3 days. Then, the filler was also cut and filtered using 30-mesh sieve to separate the fine
powder from the larger particles. No chemical surface treatment was applied, so that
characterization results would reflect the baseline behavior of untreated coir in an UPR
matrix [5].

2.2 Composite Fabrication

Three composite formulations were prepared at fiber volume fractions 0f40, 50, and 60 wt.%,
designated Samples A, B, and C, respectively, as summarized in Table 1. For each sample,
the requisite mass of UPR and MEKP catalyst was blended first, after which the pre-dried
coconut fiber particles were incorporated and mixed manually until a uniform slurry was
obtained. The mixture was then transferred into a steel mold and subjected to compaction at
a controlled pressure of 3000 Psi for a consolidation period of 45 min. Then the mold is put
into the oven for the sintering process for 45 minutes at a temperature of 150°C and left for
10 minutes for the cooling process.

Table 1. Composite formulation parameters for Samples A, B, and C

Parameter Sample A Sample B Sample C
Fiber content (vv.%) 40 50 60
Resin content (vv.%) 60 50 40

2.3 Characterization

Using FTIR (Thermoscientific Nicolet iS-10) from 4000 to 500 cm™, composites were
investigated. A Hitachi SU3500 SEM-EDS then was used to examine the surface morphology
of the composites. Next, using TGA-DSC (Setaram Instrument, Type: Labsysevo) at 30 to
800 °C, the samples thermal stability was assessed.
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3 Results and Discussion

3.1 FTIR Spectra

The FTIR spectra of the three polyester/coconut fiber samples, which are sample A, sample
B and sample C are shown in Figure 1. If we look at the FTIR spectra of sample A, sample
B and sample C we can see that they all have the main features. The main absorption features
of sample A, sample B and sample C are at the same wavenumbers, which means that they
all have the same functional groups even if the amount of fiber in them is different.
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Fig. 1. FTIR spectra of Samples A (40 wt.% fiber), B (50 wt.% fiber), and C (60 wt.% fiber)
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There is an O-H stretching band in the FTIR spectra of sample A, sample B and sample
C that is 3425 cm™'[6]. This band is in every sample, and it gets stronger from sample A to
sample C. This makes sense because sample C has cellulose and hemicellulose than sample
A and sample B. The C-H aliphatic stretching peaks in the FTIR spectra of sample A, sample
B and sample C are 2923 cm™'[7], which is because of the polyester backbone and the organic
parts of the coconut fiber.

The FTIR spectra of sample A, sample B and sample C also have a C=0 ester absorption
by 1729 cm™'[8], which means that the unsaturated polyester matrix is in all of them. The
fact that this band does not change when the amount of fiber increases means that the
chemistry of the resin is still the same.

3.2 Surface Morphology (SEM)

SEM micrographs at 1000x magnification (Figure 2) reveal how the coconut fiber particles
are embedded within the polyester matrix after compaction and sintering. Fiber distribution
across the matrix is uneven in places, [9] some regions show clear agglomeration of particles,
a common outcome when short natural fibers are mixed into a viscous resin by hand before
mold filling. The non-uniform particle size that results from blending and sieving without
strict size classification likely amplifies this tendency. Micro-scale voids are also visible at
the fiber—matrix interface [8], particularly in zones where larger fiber clusters sit against the
surrounding resin.
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Fig. 2. SEM micrograph of polyester/coconut fiber composite at 1000 magnification (a) Sample A,
(b) Sample B, and (c) Sample C

That said, no macro-scale delamination or large air pockets were detected, which speaks
to the effectiveness of the 3000 Psi compaction applied during fabrication. Sustaining a
precise, machine-controlled pressure throughout the 45-minute consolidation step forces the
resin into the fiber bed more thoroughly than manual pressing can achieve, suppressing void
nucleation at the macro level. [4] reported similar morphological outcomes for natural fiber—
polyester composites processed under controlled mold pressure, noting a marked reduction
in void fraction compared to hand lay-up samples. The micro-voids that do remain are
consistent in character with those described by[10], for coconut-fiber-based composites,
attributed to surface-tension mismatches between the hydrophilic fiber surface and the
hydrophobic resin.

3.3 Thermal Analysis (TGA, DTG, DSC)

Thermal behavior was characterized simultaneously by TGA, DTG, and DSC from 50 to
800°C. The three curves are presented in Figures 3—5, and the key degradation parameters
extracted from the raw instrument data are summarized in Table 2.
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Fig. 3. TGA curves of polyester/coconut fiber composites, Samples A, B, and C

The TGA curves in Figure 3 show a four-stage mass-loss profile that is qualitatively
similar across all samples. Stage 1 (50-150°C) involves a minor weight loss of 1-4%,
attributed to the release of free and loosely bound moisture from the hydroxyl-rich cellulose
surface. Stage II (150-242°C) sees a gradual, accelerating decline as hemicellulose [11], the
least thermally stable lignocellulosic fraction begins to decompose. The primary degradation
window, Stage III, opens at Ti values of 242.29°C (A), 241.69°C (B), and 241.70°C (C):
remarkably close across all three formulations, suggesting that the onset of major
decomposition is governed by the cellulose component of the coir rather than by resin
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content. Stage IV (above Tf) represents the slow oxidation of lignin residues [12] and
thermally stable carbon char, which persists to 800°C.

At 800°C, residual masses are 33.12% (A), 26.61% (B), and 32.85% (C). Sample B’s
noticeably lower char yield stands out: at the 50:50 ratio, neither constituent dominates the
thermal response, and the resulting interaction appears to produce a less stable residue than
either the fiber-rich (C) or resin-rich (A) formulations. Sample A retains the highest char
mass, consistent with the larger polyester fraction, crosslinked thermoset resin is known to
form a more thermally resistant carbonaceous residue than raw cellulosic material at high
temperatures [13].

Table 2. Thermal degradation parameters extracted from TGA-DTG raw data

Fiber Tmax dTG. In Residual
Sample Fraction | Ti (°C) ©C) Tf (°C) % /m';n) Mass at
(%) 800°C (%)
A 40 242.29 | 361.19 | 400.35 —4.21 33.12
B 50 241.69 | 351.40 | 402.95 —4.82 26.61
C 60 241.70 | 312.08 | 455.69 —4.52 32.85

The DTG curves (Figure 4) translate the TGA mass-loss slopes into laju degradation
rates, making it easier to locate and compare peak decomposition events [10]. All three
samples share a small positive DTG excursion near 20-80°C corresponding to moisture
release, followed by a shoulder around 150-240°C from hemicellulose breakdown, and then
the dominant negative trough that marks cellulose—polyester co-degradation. Sample B
reaches the sharpest minimum at —4.82 %/min (T = 351.40°C), while Sample A is the most
gradual at —4.21 %/min (T =361.19°C). Sample C is intermediate at —4.52 %/min but reaches
its trough considerably earlier, at 312.08°C roughly 40—50°C below the other two. This shift
suggests that the higher fiber loading in C creates a larger cellulosic mass that degrades at
slightly lower temperatures [9], possibly because the reduced resin volume provides less
thermal buffering around the fiber particles.
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Fig. 4. DTG curves of polyester/coconut fiber composites, Samples A, B, and C

The absence of sharp DTG peaks above 500°C across all samples confirms that most of
the organic constituents have decomposed by that point, leaving behind a thermally inert
residue. [5] reported a comparable DTG profile for coconut-fiber-reinforced polyester
composites starch composites, with the main cellulose decomposition peak in the 300-380°C
window, consistent with Stage III here.
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DSC heat-flow profiles are shown in Figure 5. A shallow endothermic dip near 60—100°C
in all three samples corresponds to the energy absorbed during moisture evaporation [12], in
agreement with Stage I of the TGA. Between roughly 250 and 450°C, a pronounced
exothermic peak emerges: Samples B and C reach heat-flow maxima of approximately
+2200-2300 mW/g, while Sample A plateaus at around +1600 mW/g. The larger exothermic
release in B and C reflects the greater amount of cellulosic material available for oxidative
decomposition a straightforward consequence of the higher fiber loading. Above 450°C, the
curves trend strongly endothermic through to 800°C as energy is absorbed for lignin pyrolysis
and char oxidation. Sample A diverges most steeply in this region, consistent with its higher
resin-derived char fraction requiring more energy to oxidize completely [11].
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Fig. 5. DSC curves of polyester/coconut fiber composites, Samples A, B, and C

[14] reported a similar exothermic—endothermic sequence for coir—polyester composites,
attributing the high-temperature exotherm to cellulose combustion and the subsequent
endothermic tail to residual char oxidation, the same interpretation applies here. [3] noted
that the transition temperature between exothermic and endothermic regimes in coir—
polyester composites occurred near 450°C under inert conditions, broadly matching the
crossover observed in Figure 5. Overall, the thermal dataset places the safe operating ceiling
for all three formulations below 241°C the common Ti with Sample A offering marginally
better char stability at the high-temperature extreme.

4 Conclusion

Coconut fiber-reinforced unsaturated polyester composites at 40, 50, and 60 wt.% fiber were
fabricated under 3000 Psi compaction and characterized by FTIR, SEM, and TGA-DTG-
DSC. FTIR confirmed chemical integrity of the fiber-matrix system with physical interfacial
bonding across all formulations. SEM revealed uniform macro-scale distribution with
residual micro-voids at the fiber-matrix interface. Thermal analysis showed a common
degradation onset near 242°C for all samples, placing the practical service ceiling below this
temperature; Sample A retained the highest char yield at 800°C (33.12%), while Sample B
yielded the lowest (26.61%).
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