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ABSTRACT: Sugarcane bagasse (SCB) is a promising natural fiber for bio-based composites, but its high moisture
absorption and poor interfacial adhesion with polymer matrices limit mechanical performance. While chemical treat-
ments have been extensively explored, limited research has addressed how thermal treatment alone alters the surface
properties and reinforcing behavior of SCB fibers. This study aims to fill that gap by investigating the effects of heat
treatment on SCB fiber structure and its performance in starch/poly (vinyl alcohol) (PVA) composites. Characterization
techniques including Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS), and scanning electron microscopy (SEM) were employed to analyze changes in fiber morphology,
surface chemistry, and crystallinity. Mechanical properties were assessed via tensile, flexural, and impact testing, and
moisture absorption was also evaluated. Composites reinforced with SCB fibers treated at 200○C exhibited significantly
superior mechanical properties compared to those prepared with untreated or differently treated fibers. The tensile,
flexural, and impact performance of the composites were 15.13, 19.37 MPa, and 7.28 J/m, respectively. Composites treated
at this temperature also retained better mechanical properties after exposure to humidity. These findings demonstrate
that heat treatment is a simple and sustainable method to improve the durability and mechanical performance of nature
fiber-reinforced composites, expanding their potential for environmentally friendly material applications.
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1 Introduction
The natural biodegradability and chemical composition of sugarcane bagasse (SCB) have attracted

increasing attention as a promising and versatile component in composite materials [1]. SCB primarily
consists of cellulose, hemicellulose, lignin, ash, and wax [2]. This composition offers several advantages
over synthetic materials, including low cost, natural origin, sustainability, and biodegradability. These
characteristics make SCB an ideal candidate for use as a reinforcing fiber in composites designed to exhibit
distinct physical and chemical properties [3].

However, the hydrophilic nature of natural fibers poses a challenge in achieving proper dispersion
and adhesion with hydrophobic polymer matrices [4]. This incompatibility often results in poor interfacial
bonding, which significantly weakens the mechanical performance of natural fiber-reinforced composites.
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To overcome this limitation, surface modifications–both physical and chemical—have been widely explored.
These methods include grafting of compatibilizer groups via ultrasonic techniques, application of coupling
agents, cleaning fiber surfaces [5–7], and heat treatment [8] such as steam explosion [9], Chemical treat-
ments, in particular, can activate hydroxyl group in cellulose and lignin or introduce new functional moieties
that enhance fiber-matrix interaction [10]. These approaches support the potential of using SCB as a reliable
source of cellulose fibers for composite reinforcement [11–13].

The primary aim of these surface modifications is to alter the reactivity of SCB fibers by adjusting the
quantity and location of functional groups, while also minimizing fiber degradation. Chemical treatments
have been shown to improve fiber wettability, interfacial adhesion, and porosity—factors that collectively
enhance the mechanical properties of the composite [14]. A review of the literature reveals wide variability
in treatment methods with respect to chemicals used [15], temperatures [16], pressures [17], and reaction
durations [18]. Many of these techniques rely on high energy input or harsh chemicals, limiting their sustain-
ability and scalability. For example, Ribeiro et al. [19] treated sugarcane fiber (SCF) using steam explosion,
a thermomechanical process involving high pressure and temperature (typically around 180○C), followed
by sudden decompression to break down fiber structure. This method significantly improves fiber-polymer
interactions but demands substantial energy. Wulandari et al. [20] used sulfuric acid hydrolysis to process
bagasse cellulose. When the sulfuric acid concentration reached 50%, nanocellulose with small particle
size was produced at 40○C for 10 min. However, this method involves highly corrosive reagents, a more
complex reaction process, and generates numerous by-products and harmful gases. In another example, Pan
et al. [21] employed a homogeneous grafting method initiated by ammonium persulfate in aqueous or organic
solvent systems. This approach involves the use of volatile organic solvents and generates difficult separation
processes between fiber and solvent. Therefore, developing an efficient and environmentally friendly method
that operates under mild conditions while providing comparable improvement is highly desirable [22].

Compared to the aforementioned methods, heat treatment emerges as a promising green technique for
fiber surface modification due to its low cost, non-corrosive nature, and absence of chemical reagents [23,24].
Typically conducted at temperatures ranging from 120○C to 250○C for durations of 10 min to several hours,
heat treatment induces chemical changes in the fiber, including degradation of hemicellulose and partial
removal of surface hydroxyl groups. These modifications reduce hydrophilicity and lower surface free energy,
thereby enhancing compatibility with hydrophobic polymer matrices [24,25]. In this study, heat treatment
was applied to modify SCB, improving interfacial compatibility with the starch matrix and enhancing the
composite’s mechanical properties. Compared with solvent-based grafting approaches reported in previous
studies [15], this method demonstrates greater efficiency in terms of time, labor, and the elimination of solvent
recovery steps, making it more suitable for scalable and sustainable composite fabrication.

Fourier transform infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS), and scan-
ning electron microscopy (SEM) was employed to characterize the surface properties of bagasse fibers before
and after heat treatment. The impact of heat treatment temperature was briefly discussed, while the effects
of heat treatment on the surface chemistry and morphology of the fibers were analyzed in detail. The results
indicated that heat treatment significantly enhanced the interfacial bonding between the fibers and the starch
matrix. Overall, this work offers valuable insights into the use of heat-treated fibers to improve the properties
of composites.

2 Materials and Methods

2.1 Materials
The SCB utilized in this study was sourced from the Guangdong Bioengineering Institute and was found

to contain 51.83% cellulose, 18.39% hemicellulose, and 29.78% lignin (Fig. S1). Freshly collected bagasse was
thoroughly washed with running water to eliminate residual sugars, then air-dried under sunlight. Once
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dried, the bagasse was ground into fine particles using a Wiley mill. The resulting powder was sieved through
British Standard (BS) mesh screens, collecting particles that passed through a BS 40 mesh (420 μm) but were
retained on a BS 100 mesh (250 μm).

The purified bagasse fibers were subjected to heat treatment in an electric drying oven at temperatures
of 180○C, 200○C, and 220○C for 10 min. After treatment, the samples were sealed in plastic bags and stored
under ambient conditions until further analysis.

Industrial-grade cornstarch, with an apparent amylose content of 24.05% and a calculated amylopectin
content of 75.95%, was purchased from Yin Xin Starch Ltd. (China). Polyvinyl alcohol (PVA) was acquired
from Xiang Wei Chemical Ltd. (China) and was 99% hydrolyzed, with an average molecular weight
of 89,000–98,000 g/mol. Reagent-grade glycerin was provided by Aldrich Chemical Company Inc. All
PVA/starch blend solutions were prepared using redistilled, deionized water.

2.2 Heat Treatment
A weighed sample of ground SCB (20 g) was placed in a baking oven and heat treated for 10 min at

180○C, 200○C, and 220○C, respectively. The thermal degradation behavior of SCB at these temperatures is
illustrated in Fig. 1. Heat treatment at the lower temperature of 180○C primarily removed free water and some
volatile compounds such as extractives, waxes, and oils from the fiber surfaces. At 200○C, the deacetylation
of hemicellulose and oxidative degradation of the fibers led to an increase of hydroxyl and carbonyl groups.
In this stage, degradation products of hemicellulose may react with lignin to form new chemical structures,
and the relative lignin content appears to increase due to the progressive decomposition of hemicellulose.
Additionally, some hydroxyl groups on the fiber’s surfaces were replaced by aldehyde or ketone groups. When
the temperature reached 220○C, more extensive degradation reactions occurred, involving hemicellulose,
lignin, and even cellulose, accompanied by the release of volatile degradation products [26].

Figure 1: Scheme for thermal degradation of SCB
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2.3 Preparation of Polymer Composites
Polymer composites were prepared by compounding starch and PVA at a mass ratio of 40:60 [27],

reinforced with SCB fibers—either untreated or heat-treated SCB. SCB was incorporated at a concentration
of 10 wt.% and mechanically blended with the starch/PVA matrix and glycerin using an intensive mixer
at 60○C. The resulting mixture was then processed through a single-screw extruder equipped with four
temperature zones, set at 110○C, 115○C, 120○C, and 125○C, respectively, to ensure proper temperature control
during extrusion [28].

2.4 Characterization and Testing of SBR/GPN Nanocomposites
2.4.1 FTIR Spectral Analysis

Fourier transform infrared spectroscopy (FTIR) was employed to characterize both raw and heat-
treated fibers by analyzing the transmitted infrared radiation across a range of wavelengths. The
measurements were conducted using a MAGNA-IR760 spectrometer (Thermo Nicolet Corporation, USA).
Powdered fiber samples were thoroughly blended with potassium bromide (KBr) at a mass ratio of 1:99
(sample: KBr) to create pellets. The FTIR spectra were recorded in the range of 4000–400 cm−1 with a
resolution of 4 cm−1 and an average of 32 scans per sample [29].

2.4.2 X-Ray Diffraction (XRD)
The crystallinity of raw and heat-treated fibers (in powder form) was evaluated using X-ray diffraction

(XRD). Diffraction patterns were acquired with a D8 Advance X-ray diffractometer (Bruker Germany) under
the following conditions: Cu Kα radiation (λ = 0.1548 nm), operated at 40 kV and 40 mA. A step size of
0.02○ and a scan time of 0.1 s per step were applied over a 2θ range of 4○–60○. The degree of crystallinity was
quantified using the crystallinity index (CI), calculated by Eq. (1), where I 0 0 2 is the maximum peak intensity
at a 2θ angle around 22○, corresponding to the crystalline region, and I 1 0 1 is the minimum intensity at
approximately 18○, representing the amorphous region [30,31].

CI = (1 − I1 0 1/I0 0 2) × 100 (1)

2.4.3 XPS Analysis
X-ray photoelectron spectroscopy (XPS) spectra were recorded using an AXIS 165 electron spectrometer

(Kratos Analytical) with a take-off angle of 90○ and monochromatic Al Ka irradiation. Spectra were collected
from at least three different locations on each sample, utilizing an analysis area of 1 mm × 1 mm. High-
resolution spectra were acquired in 0.1 eV steps with a pass energy 20 eV. The base pressure during analysis
was typically 1 × 10−9 Torr, and it was maintained below 5 × 10−9 Torr during measurements [29].

Surface elemental compositions and O/C ratios were determined from the survey spectra. The relative
amounts of carbon atoms bonded to different numbers of oxygen atoms were analyzed from the high-
resolution carbon C1s spectra by deconvolution into four symmetric Gaussian components [32]. During peak
fitting, both the relative peak positions and widths were fixed. The chemical shifts relative to C-C (C1) peak
were as follows: C-O (C2) at 1.7 ± 0.1 eV, O-C-O or C=O (C3) at 3.1 ± 0.1 eV, and O-C=O (C4) 4.4 ± 0.2 eV.
The C-C component at 285.0 eV was used as the reference for the binding energy scale [33].
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2.4.4 Composites Testing
The mechanical testing was carried out in accordance with ASTM D3039, ASTM D790 and ASTM

D256. The gauge length is 48 mm, and the stretching speed is 50 mm/min. For each test, five specimens were
evaluated to determine the average value [34].

2.4.5 Scanning Electron Microscopy
Scanning electron microscopy (SEM) was performed using a Quanta 200 microscope (FEI, USA)

operated at an accelerating voltage of 5–15 kV. This technique was employed to investigate the surface mor-
phologies of SCB residues subjected to various heat treatment conditions, as well as the fracture topographies
of composite samples following tensile testing. Prior to imaging, all samples were sputter-coated with a thin
layer of gold to enhance conductivity [35].

3 Results and Discussion

3.1 Surface Characterization (Groups) of Bagasse Fibers
Infrared spectroscopy has proven to be a powerful technique for characterizing cellulose and other

lignocellulosic composites. As shown in Fig. 2, the FTIR spectra of heat-treated fibers showed significant
changes in the broad bands related to O-H stretching vibrations around 3390 cm−1 and the C-O stretching
vibrations region near 1050 cm−1, as well as in the aliphatic saturated C-H stretching vibration at approxi-
mately 2900 cm−1, which is characteristic of the lignin/polysaccharide complex. The appearance of a C=O
stretching band around 1620 cm−1 is attributed to carbonyl groups. A peak at approximately at 1730 cm−1

corresponds to COO− groups, which may arise from the acetyl and uronic ester groups in hemicelluloses,
or from ester linkages involving carboxylic group in ferulic and p-coumaric acids present in lignin and/or
hemicelluloses [36,37].

Figure 2: FTIR spectra of SCB before and after heat treatment at different temperatures

It is well established that heat treatment eliminates free water, extractives, waxes, oil, and other
volatile components from the fiber surface. Depending on the treatment temperature, it can also induce
oxidative degradation of cellulose, lignin, and hemicellulose. These thermal-induced transformation are
clearly reflected in the FTIR spectra. Specifically, after heat treatment at 180○C, a significant reduction in the
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absorption intensity of bands around 3390, 1620, and 1730 cm−1 was observed, indicating the loss of hydroxyl
and carbonyl-containing groups.

As the temperature increased to 200○C, the intensities of these absorption bands also rose, likely due
to the partial degradation of hemicellulose and subsequent oxidation of fiber components, which generates
additional hydroxyl and carbonyl groups. Furthermore, degradation products of hemicellulose may react
with lignin to form new chemical structures, thereby enhancing lignin-related peaks. However, at 220○C,
further degradation of hemicellulose, lignin, or even cellulose resulted in the formation and release of
volatile degradation products, leading to a subsequent decrease in absorption intensity. This interpretation is
supported by compositional data shown in Fig. S1 and is further corroborated by XPS analysis, as discussed
in the following section.

The chemical composition of the fiber surfaces was analyzed using XPS. XPS has proven to be
an effective technique for investigating the chemical structure and elemental composition of various
polysaccharide-based materials [38]. Due to its extremely shallow probing depth, typically less than 10 nm,
XPS is particularly well-suited for characterizing the outermost molecular layer of fiber surfaces with high
sensitivity [29].

Fig. 3 illustrates the high resolution C1s and O1s spectra for both untreated and heat-treated fibers
samples. The elemental surface composition and the relative proportions of various carbon bonding envi-
ronments, based on the high-resolution C1s and O1s peaks, are detailed in Table 1. According to established
literature [32], the chemical shifts of the C1s spectrum in XPS are typically categorized into four types: C1,
non-oxidized carbon (C–C); C2, carbon bonded to a single oxygen atom (C–O); C3, carbon bonded to two
oxygen atoms (O–C–O or C=O); and C4, carbon bonded to three oxygen atoms (O–C=O). These peaks were
observed at approximately at 284.7 eV (C1), 286.2 eV (C2), 287.9 eV (C3 and C4) eV, respectively. Similarly,
the O1s can be classified into two types: O1, oxygen double-bonded to carbon (O=C), and O2, oxygen
single-bonded to carbon (O–C) with peaks appearing at approximately 532.2 and 533.1 eV, respectively [39].

(a) (b)

Figure 3: (Continued)
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(c) (d)

Figure 3: High-resolution XPS spectra of SCB before and after heat treatment: (a) C 1s spectrum of untreated fiber;
(b) C 1s spectrum of fiber treated at 200○C; (c) O 1s spectrum of untreated fiber; (d) O 1s spectrum of fiber treated at
200○C

Table 1: Elemental surface composition and relative proportions of different carbon bonding states in untreated and
heat-treated bagasse fibers, as determined form XPS survey spectra

Bagasse fiber Surface composition (at.%) Carbon composition (at.%) Oxygen composition (at.%)

C O O/C O2/C1 C1 C2 C3 C4 O1 O2
Untreated 0.74 0.26 0.35 0.46 46.36 39.33 14.30 – 39.10 60.90

Treated 0.74 0.26 0.35 0.20 54.46 29.60 15.93 – 69.25 30.75

Both untreated and heat-treated samples displayed the presence of C1 and O1 components. However,
thermal treatment induced notable changes in the fiber surface, as shown in the high-resolution C1s
spectra (Table 1). Specifically, a significant decrease in C2-type carbon (C–O), characteristic of cellulose
and hemicellulose (C2), was observed. This reduction was accompanied by an increase in the C1 and C3
carbon components. Since cellulose inherently contains minimal C1-type carbon due to its polysaccharide
backbone [40], the post-treatment increase in C1 indicates partial degradation of cellulose and hemicellulose.
The reduction in C2 content further supports this inference, suggesting the thermal decomposition of
hemicellulose and possibly cellulose, thereby contributing to a corresponding increase in C3 species.

In the O1s spectra, the O2/C1 ratio increased significantly, despite a nearly unchanged overall O/C
ratio. This shift indicates either the formation of new oxygen-containing groups at former C2 sites or
increased surface exposure of lignin components [41]. During heat treatment, the oxidation of hemicellulose
or cellulose likely decreases the hydroxy group content at C2 sites, resulting in the formation of aldehyde
and ketone groups within the fiber matrix. These findings are consistent with previous FTIR results of SCB
and XPS analyses of chemically treated fibers [42], indicating that thermal modification alone can produce
comparable surface chemical changes. Collectively, the results highlight the potential of heat-treated SCB
fibers as functional cellulose-based reinforcements in composite applications.
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3.2 SEM Study
Heat treatment induces notable changes in the morphology and chemical composition of SCB cellulose

fibers. It effectively removes hemicelluloses, waxes and other surface impurities, resulting in a chemically
uniform fiber surface. Additionally, the heat treatment leads to increased surface roughness, which can
enhance interfacial adhesion between the fibers and the polymer matrix [43–45].

As shown in Fig. 4a, the untreated fibers exhibit a smooth surface with visible impurities, which
adversely affect fiber–matrix adhesion and diminish the overall mechanical properties of the composite.
In contrast, Fig. 4b illustrates fibers treated at 200○C, revealing smoother surfaces and a porous, disrupted
cellular structure. This breakdown of the cell wall reduces the void content and enhances the effective surface
area for interaction with the matrix, potentially improving the mechanical performance of the composite.
However, excessive heat can be detrimental. Fig. 4c depicts fibers treated at 220○C, which show significant
damage and peeling of the fiber surface. These structural degradations weaken the fibers, resulting in reduced
reinforcement efficiency and compromised interior composite properties.

(a) (b) (c)

Figure 4: SEM images of untreated and heat-treated fibers: (a) untreated fibers; (b) fibers heat-treated at 200○C; (c)
fibers heat-treated at 220○C

The fractured surfaces of the composites following tensile testing are depicted in Fig. 5. These images
reveal significant fiber–matrix interfacial adhesion. Notably, Fig. 5c demonstrates that the fibers are thor-
oughly embedded within the starch/PVA, with no distinct fiber outlines visible. This indicates that the fibers
were well bonded to the matrix, making them difficult to differentiate from the surrounding thermoplastic
material. While it is challenging to draw definitive conclusions about the fracture behavior of the fibers
based solely on the SEM images, there is clear evidence of pull-out in Fig. 5c. This observation suggests
that interfacial bonding was strong enough to withstand fiber debonding up to a critical point, after which
mechanical separation occurred during fracture.

3.3 Crystalline Structure of Bagasse Fibers
The primary components of SCB fibers, whether treated or untreated, exist in both crystalline and

amorphous forms, as shown by X-ray diffraction (XRD) analysis. The XRD patterns obtained for all samples
are displayed in Fig. 6. Two distinct diffraction peaks are observed near 2θ ≈ 18○ and 2θ ≈ 22○, corresponding
to the cellulose crystallographic planes (101) and (102), respectively, which are associated with crystalline
regions. Additionally, a broad diffuse background signal, indicative of amorphous regions, was also detected
in the diffractograms [46]. The crystallinity index (CI) was calculated using Eq. (1), and the results are
summarized in Table 2.
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(a) (b)

(c) (d)

Figure 5: SEM images of untreated and heat-treated composites: (a) untreated fibers; (b) fibers heat-treated at 180○C;
(c) fibers heat-treated at 200○C; (d) fibers heat-treated at 220○C

Figure 6: X-ray diffractogram of SCB before and after heat-treated at different temperatures

Table 2: Crystallinity index (%) of SCB before and after heat treatment at different temperatures

Temperature(○C) Ambient temperature 180 200 220
CI (%) 75.15 80.68 91.73 58.67
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All samples displayed similar diffraction patterns to those of untreated SCB fibers; however, significant
differences were observed in CI values, indicating that heat treatment influences the crystallinity of bagasse
fibers. Notably, fibers treated at 200○C exhibited the highest crystallinity among all treated samples. A
comparison of diffractograms before and after heat treatment (below 200○C) shows an increase in crys-
tallinity, while the peak positions remained largely unchanged. This increase can be attributed to the thermal
degradation of hemicellulose and the partial removal of amorphous components such as extractives, waxes,
and oils, which enhances the relative proportion of crystalline cellulose.

In contrast, samples treated at temperatures exceeding 200○C exhibited a decline in CI. This decrease is
likely due to structural damage, including the loss of bound water or even partial breakdown of crystalline
domains, which reduces the regularity of the cellulose structure. Overall, heat treatment significantly
influences the crystalline structure of SCB fibers, with a CI increase of up to 16% at moderate temperatures,
followed by a decline of approximately 16% at higher temperatures.

For comparison, previous studies have reported a reduction in crystallinity when SCB is chemically
modified using methyl methacrylate (MMA) grafting [47], as the introduction of MMA disrupts intermolec-
ular hydrogen bonding within the SCB-g-MMA structure. This disruption leads to a decrease in crystallinity
and tensile strength. In contrast, heat-treated SCB fibers maintain or enhance their crystalline integrity and
are therefore expected to exhibit improved mechanical properties when incorporated into a starch-based
composite matrix.

3.4 Mechanical Properties of Composites
The most critical factor in achieving a high-performance fiber- reinforced composite is the interfacial

adhesion between the matrix and the fiber. However, the inherently inert and hydrophilic nature of SCB
cellulose fibers results in poor wettability with hydrophobic polymer matrices, leading to weak interfacial
bonding. To improve the mechanical properties of such composites, surface modification of the fibers is
essential. Among various approaches, heat treatment effectively induces oxidative reactions on the fiber
surface, introducing functional groups that enhance chemical reactivity and alter surface crystallinity by
partially relaxing the native cellulose structure.

The effect of heat treatment temperature on the mechanical properties of starch/PVA fiber compos-
ites was assessed according to ASTM standards. Tensile properties are illustrated in Fig. 7a. Composites
incorporating fibers treated at 200○C demonstrated the highest tensile strength and modulus, reaching 15.13
and 677.3 MPa, respectively—an enhancement of 97% compared to the untreated fiber composite. This
improvement is attributed to stronger interfacial adhesion resulting from the formation of surface-active
groups and increased crystallinity. However, further increases in treatment temperature led to a decline in
tensile properties, likely due to thermal degradation of the fiber surface. These findings indicate that 200○C
is the optimal treatment temperature for maximizing interfacial bonding.

Flexural properties, measured through a three-point bending test, are shown in Fig. 7b. The composite
reinforced with 200○C-treated fibers exhibited the highest flexural strength (19.37 MPa) and modulus
(283.7 MPa), reflecting a 36.81% increase over the untreated sample. Above this temperature, flexural
performance decreased, further supporting the notion that excessive thermal exposure damages the fiber
surface and weakens interfacial bonding.
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(c)(a) (b)

Figure 7: Effect of different heat treatment temperatures on the mechanical property: (a) Tensile properties of the
composite; (b) Flexural properties of the composite; (c) Impact properties of the composite

Impact strength, defined as a material’s ability to absorb energy during sudden loading, was also
evaluated (Fig. 7c). The composite treated at 200○C exhibited the highest impact strength at 7.28 J/m—an
81.46% increase compared to the untreated composite. This enhancement is attributed to more effective stress
distribution resulting from better fiber-matrix interfacial adhesion. As with the other mechanical properties,
elevated treatment temperatures adversely impacted the impact strength, likely due to thermal degradation
and embrittlement of the fiber surface.

3.5 Resistance to Humidity of Composites
Moisture absorption is one of the most undesirable characteristics of natural fibers, as it compromises

the interfacial adhesion between the fiber and the matrix. The effect of heat treatment on the water absorption
behavior of bagasse fiber composite was investigated by monitoring moisture uptake over time and the results
are presented in Fig. 8 The untreated composite exhibited a maximum moisture absorption of 96.8%, while
the heat-treated composite showed a reduced uptake of 88.5%, representing an 8.6% decrease compared to
the untreated sample. As illustrated in Fig. 8, increasing the heat treatment temperature further decreases
the moisture absorption rate. This reduction is attributed either to the decreased surface hydroxyl content
(which reduces fiber polarity) or to improved interfacial adhesion that restricts water penetration. Regardless
of the treatment temperature, all composites reached saturation after 24 h of immersion.

Figure 8: Moisture absorption behavior of untreated and heat-treated composites
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To evaluate the effect of moisture on mechanical properties, tensile, flexural, and impact test samples
were conditioned at 60% relative humidity for 30 days. The tensile properties before and after moisture
exposure are tabulated in Table 3. Moisture exposure significantly affects the mechanical performance of
the composite. Among all samples, the 220○C heat-treated composite showed the smallest reduction in the
tensile strength, with only a 5.8% decrease—31.8% less than that of the untreated sample. Similar trends were
observed in the flexural test results (Table 4), where the 220○C treated composites again exhibited the lowest
reduction in flexural strength and modulus, recorded at 16.13 and 215.4 MPa, respectively—representing a
21.5% lower decrease compared to untreated composites.

Table 3: Comparison of tensile properties of the composite under dry and wet conditions

Treatment Dry sample Wet sample Percentage
temperature Tensile

strength
(MPa)

Tensile
modulus

(MPa)

Tensile
strength
(MPa)

Tensile
modulus

(MPa)

reduction
in tensile

properties
Untreated 7.68 309.8 7.03 282.6 8.5

180○C 12.06 422.4 11.18 393.2 7.3
200○C 15.13 677.3 14.06 593.5 7.1
220○C 12.20 526.8 11.49 487.6 5.8

Table 4: Comparison of t flexural properties of the composite under dry and wet conditions

Treatment Dry sample Wet sample Percentage
temperature Flexural

strength
(MPa)

Flexural
modulus

(MPa)

Flexural
strength
(MPa)

Flexural
modulus

(MPa)

reduction
in Flexural
properties

Untreated 12.24 120.3 11.45 113.1 6.5
180○C 17.52 242.5 16.57 228.6 5.4
200○C 19.37 283.7 18.38 264.8 5.1
220○C 16.85 236.2 16.13 215.4 4.3

Impact strength results (Table 5) further validate this trend. The 220○C treated composites exhibited
the smallest decline in impact strength, with a reduction of 4.5 J/m–27.42% less than the untreated sample.
These findings suggest that moisture diminishes mechanical properties primarily by weakening fiber–matrix
adhesion. The swelling of hydrophilic fibers upon moisture uptake disrupts the interfacial region, impeding
stress transfer and thereby reducing mechanical efficiency. Heat treatment alleviates this effect by decreasing
the fibers’ moisture affinity, which in turn helps maintain mechanical integrity after moisture exposure.
Overall, higher heat treatment temperatures yield greater resistance to moisture-induced degradation of
mechanical properties.
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Table 5: Comparison of impact properties of the composite under dry and wet conditions

Treatment Dry sample Wet sample Percentage reduction
temperature Impact strength(J/m) Impact strength(J/m) in Flexural properties
Untreated 1.35 1.27 6.2

180○C 6.54 6.19 5.3
200○C 7.28 6.90 5.2
220○C 6.21 5.93 4.5

4 Conclusions
From this study, it is evident that heat treatment significantly influences the surface characteristics

of SCB fibers and enhances the mechanical properties of SCB/starch/PVA composites. It facilitates the
removal of low molecular weight non-cellulosic compounds and promotes the formation of new hydroxyl
and carbonyl groups on the cellulose surfaces, thereby increasing the fiber’s chemical reactivity. Among
the various treatment temperatures examined, 200○C was found to yield the most favorable mechanical
properties. Higher temperatures caused damage to the fiber surface, which negatively impacting the tensile
properties of the composite, as confirmed by scanning electron microscopy. The composite treated at 200○C
exhibited a 97% improvement in tensile properties compared to the untreated counterpart. Overall, this study
demonstrates that heat treatment is a straightforward, cost-effective, and efficient method for enhancing
both the mechanical properties and moisture resistance of SCB-based composites, providing a promising
alternative to more complex physical and chemical techniques.

Acknowledgement: Not applicable.

Funding Statement: The authors received no specific funding for this study.

Author Contributions: Study conception and design: Xiangyang Zhou; Data collection: Yashi Wang, Jiajun Liu,
Jiahao Wen, Haodong Shen and Hucan Hong; Analysis and interpretation of results: Yashi Wang and Min Xiao; Draft
manuscript preparation: Xiangyang Zhou, Yashi Wang and Min Xiao. All authors reviewed the results and approved
the final version of the manuscript.

Availability of Data and Materials: Not applicable.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest to report regarding the present study.

References
1. Kusuma HS, Permatasari D, Umar WK, Sharma SK. Sugarcane bagasse as an environmentally friendly composite

material to face the sustainable development era. Biomass Convers Biorefinery. 2024;14(21):26693–706. doi:10.1007/
s13399-023-03764-2.

2. Madhu S, Devarajan Y, Natrayan L. Effective utilization of waste sugarcane bagasse filler-reinforced glass fibre
epoxy composites on its mechanical properties—waste to sustainable production. Biomass Convers Biorefinery.
2023;13(16):15111–8. doi:10.1007/s13399-023-03792-y.

3. Devadiga DG, Bhat KS, Mahesha G. Sugarcane bagasse fiber reinforced composites: recent advances and
applications. Cogent Eng. 2020;7(1):1823159. doi:10.1080/23311916.2020.1823159.

https://doi.org/10.1007/s13399-023-03764-2
https://doi.org/10.1007/s13399-023-03764-2
https://doi.org/10.1007/s13399-023-03792-y
https://doi.org/10.1080/23311916.2020.1823159


808 J Polym Mater. 2025;42(3)

4. Ferreira DP, Cruz J, Fangueiro R. Chapter 1—surface modification of natural fibers in polymer composites,
Green composites for automotive applications. In: Koronis G, Silva A, editors. Green composites for automotive
applications. Cambridge, UK: Woodhead Publishing; 2019. p. 3–41. doi:10.1016/b978-0-08-102177-4.00001-x.
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