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Abstract: This study investigates the structural, thermal, and flammability characteristics of polypropylene 

(PP) composites reinforced with treated and untreated Canarium schweinfurthii (CFN) nut-shell particles, 

utilizing both virgin and recycled PP matrices. Composites were fabricated via melt-compounding with a 

fixed filler content, and the effects of matrix content on density, flame propagation, thermal behavior, 

chemical structure, and crystallinity were systematically evaluated. Results show that increasing matrix 

content led to higher densities, ranging from 0.0164–0.0282 kg/m³, with treated CFN composites exhibiting 

superior densification due to enhanced interfacial adhesion. Flame propagation rates increased with 

decreasing polymer content, reaching 0.793 mm/s in untreated CFN/recycled PP composites, reflecting 

the vulnerability of bio-fillers under low matrix fractions. FTIR analysis revealed a reduction in hydroxyl 

and hemicellulose-related bands in treated composites, indicating improved fiber–matrix compatibility 

and reduced moisture absorption. DSC thermograms demonstrated enhanced thermal stability in treated 

composites, with degradation onset at 148.40°C, a major exothermic peak at 165.44°C, and 69.3% mass loss 

at 288°C, reflecting stabilized fiber–matrix interactions. XRD patterns confirmed increased crystallinity in 

treated composites, with sharper peaks at 15° (101), 20° (112), and 25° (114), while untreated composites 

retained more amorphous regions, compromising mechanical performance. Overall, alkaline treatment of 

CFN fillers significantly improves density, thermal stability, flammability resistance, and structural 

ordering of PP-based composites. 
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Introduction 

The growing global emphasis on sustainable material development has intensified interest in the utilization 

of agricultural residues as reinforcing agents in polymer composites. Among these strategies, the 

incorporation of lignocellulosic waste into thermoplastic matrices has emerged as a promising approach 

for enhancing material performance while simultaneously addressing environmental concerns associated 

with biomass disposal (Salazar-Cruz et al., 2022). Polypropylene remains one of the most widely used 

thermoplastics due to its low density, chemical resistance, and ease of processing. However, its relatively 

limited stiffness and moderate thermal resistance often restrict its use in demanding structural applications. 

Reinforcing polypropylene with natural fillers derived from agro-industrial waste provides a viable route 

to overcome these limitations while promoting resource sustainability. 

The growing need to balance industrialization and make the environment sustainable has increased the 

interest in finding alternative materials that would minimize ecological footprints without compromising 

functional performance (Archibong et al., 2026).  A material called composite features at least two different 

substances that combine structurally at the microscopic size. Two constituents form a composite structure 

where the reinforcing element exists inside the matrix structure. (Shamsudden et al., 2025). 

One such underutilized biomass resource is the nutshell of Canarium schweinfurthii, a lignocellulosic 

byproduct generated in significant quantities during fruit processing. The rigid cellular architecture and 

high lignin content of these shells suggest strong potential as a reinforcing phase in polymeric systems. 

When dispersed within a polypropylene matrix, the shell particles may act as heterogeneous nucleation 

sites that influence the crystallization behavior of the polymer, thereby altering its structural and thermal 

characteristics. Understanding how these natural particles interact with the polymer phase is therefore 

essential for tailoring composite properties and ensuring reliable performance under thermal and 

mechanical stress (Tran et al., 2025). 

The development of such bio-reinforced materials requires a detailed investigation of the filler–matrix 

interface, since the compatibility between hydrophilic lignocellulosic particles and the hydrophobic 

polypropylene matrix is inherently limited. Poor interfacial adhesion often results in particle agglomeration 

and interfacial voids, which can compromise the structural integrity of the composite. To address this 

challenge, maleic anhydride-grafted polypropylene is frequently employed as a compatibilizing agent 

during melt processing. The reactive functional groups of this compatibilizer promote interfacial bonding 

between the filler surface and the polymer chains, thereby enhancing stress transfer efficiency and 

improving overall composite stability (Benchikh et al., 2024; Soares et al., 2023). Characterizing the thermal 

behavior of these reinforced systems is crucial for evaluating their suitability for industrial applications. 

Thermogravimetric analysis provides valuable insights into the degradation profile and thermal stability 

of the composites, revealing how the presence of biomass fillers influences decomposition pathways and 

service temperature limits. In parallel, scanning electron microscopy offers direct visualization of the 

composite morphology, enabling detailed observation of particle dispersion and interfacial adhesion 

within the polymer matrix. These analyses collectively provide important information on the structural 

mechanisms governing composite performance. 

Additional structural characterization techniques further deepen the understanding of filler-induced 

modifications in the polymer matrix. X-ray diffraction analysis enables the identification of crystalline 

phases and evaluates how the incorporation of Canarium schweinfurthii shell particles affects nucleation 

density and crystal orientation in polypropylene (Jordá-Reolid et al., 2023). Complementary to this, Fourier-

transform infrared spectroscopy allows the identification of chemical interactions at the filler–matrix 
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interface, confirming whether compatibilization strategies effectively promote interfacial bonding and 

structural stabilization of the composite system (Barhoumi et al., 2025). 

Beyond thermal and structural analyses, the rheological behavior of the composite melt is also a critical 

parameter for large-scale processing technologies such as extrusion and injection molding. Variations in 

filler loading can significantly influence melt viscosity and flow behavior, which ultimately determine 

processing efficiency and product quality. Furthermore, the presence of lignocellulosic fillers may alter the 

moisture absorption characteristics of the composite, affecting its dimensional stability and long-term 

durability in humid environments. Evaluating these hygrothermal effects is therefore essential for 

predicting material performance under real service conditions. Particle size distribution and surface 

characteristics of the reinforcing phase also play a significant role in governing the crystallization kinetics 

of the polymer matrix. These factors influence nucleation efficiency, crystal growth rate, and final 

morphology of the composite structure. Dynamic mechanical analysis provides further insights into the 

viscoelastic behavior of the reinforced material, revealing changes in stiffness, damping capability, and 

thermal transition behavior across a broad temperature range. Such analyses are fundamental for 

establishing a comprehensive structure–property relationship within bio-based composite systems. 

The present study aims to systematically evaluate the thermal, structural, and morphological 

characteristics of polypropylene composites reinforced with Canarium schweinfurthii nut shell particles. By 

integrating multiple analytical techniques and examining the influence of filler content, this work seeks to 

establish a deeper understanding of the interactions governing composite performance. The outcomes of 

this investigation contribute to the valorization of agricultural residues and support the development of 

sustainable polymer composites with improved thermal stability and structural integrity suitable for 

advanced industrial applications. 

 

 
Figure 1: Conceptual Framework of Natural Fiber-Reinforced Polymer Composite Development 

 

Materials and Method 

Materials 

The raw materials used in this study were obtained from different regions within Nigeria to ensure 

accessibility and relevance to local resource utilization. Canarium schweinfurthii (commonly known as Atili) 

nut shells were collected from Barkin-Ladi Local Government Area in Plateau State, Nigeria. The collected 

agricultural residues were thoroughly washed with distilled water to remove adhering dirt and organic 

impurities before being air-dried under ambient laboratory conditions. The dried shells were subsequently 

processed into fine particles through mechanical pulverization and then sieved using a 45 µm mesh to 

obtain uniform particle size distribution suitable for composite fabrication. 

All grinding, sieving, and preliminary preparation processes were carried out at the Chemistry Laboratory 

of Modibbo Adama University (MAU), Yola, to ensure controlled processing conditions prior to 

composite formulation and characterization. The use of standardized preparation procedures ensured 
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consistency in particle size and material quality, which is essential for achieving reproducible composite 

performance. The polymer matrix consisted primarily of polypropylene (PP) pellets, which were procured 

from Jemita Market in Yola, Adamawa State, Nigeria. In addition, recycled polypropylene (rPP) obtained 

from post-consumer sachet water packaging materials was incorporated as part of the polymer matrix to 

promote sustainable material utilization. To enhance compatibility between the hydrophobic 

polypropylene matrix and the hydrophilic lignocellulosic filler, maleic anhydride-grafted polypropylene 

(MAPP) was used as a compatibilizing agent (Sigma-Aldrich, Germany). 

Analytical-grade chemicals were used during material processing. Xylene (analytical grade, Sigma-

Aldrich, Germany) served as the solvent for dissolving polypropylene during composite preparation. 

Sodium hydroxide (NaOH) pellets, hydrochloric acid (HCl), and sodium chloride (NaCl) used in 

treatment and preparation steps were obtained from Merck KGaA (Darmstadt, Germany). Distilled water 

used for cleaning and sample preparation was produced in the MAU laboratory. The laboratory equipment 

employed in this study included a digital analytical weighing balance (Ohaus Corporation, USA) for 

accurate mass measurements, as well as standard laboratory tools such as spatulas, funnels, and 

borosilicate test tubes (Pyrex, Corning Inc., USA) for safe material handling. Thermal processing was 

carried out using a temperature-controlled oil bath equipped with a digital thermometer (IKA Works 

GmbH, Germany) to ensure precise temperature monitoring during composite preparation. 

Composite molding was performed using a custom-fabricated aluminum mold, while consolidation and 

shaping of the composite materials were achieved using a locally fabricated manual heat press extrusion 

machine. This setup enabled controlled melting, mixing, and compression of the composite material under 

regulated temperature and pressure conditions. 

Preparation of Canarium schweinfurthii Nut Shell Composite Using Solvent Method 

The prepared Canarium schweinfurthii nut shells were first air-dried to remove surface moisture and then 

oven-dried at 100 °C for 24 hours to eliminate residual moisture that could negatively affect composite 

processing. After drying, the shells were allowed to cool to room temperature before being mechanically 

milled into fine powder using a laboratory grinder. The powdered material was subsequently sieved 

through a 45 µm mesh sieve to obtain uniform particle size suitable for homogeneous dispersion within 

the polymer matrix. 

For composite fabrication, a measured volume of xylene solvent was transferred into a clean borosilicate 

beaker. Subsequently, 10 g of polypropylene resin was added to the solvent. The mixture was heated on a 

temperature-controlled hot plate at approximately 150 °C until the polypropylene completely dissolved, 

forming a homogeneous polymer solution. 

Predetermined amounts of the prepared Canarium schweinfurthii nut shell powder were accurately weighed 

using the digital analytical balance and gradually introduced into the molten polypropylene–xylene 

solution. The mixture was continuously stirred for approximately five minutes at the same temperature to 

ensure uniform dispersion of the reinforcing particles throughout the polymer matrix. The resulting 

composite mixture was carefully poured into a rectangular aluminum mold with approximate 

dimensions of 2 cm thickness, 2 cm width, and 8 cm length. The molded samples were allowed to cure 

and stabilize under ambient laboratory conditions for approximately 40 hours, following the ASTM D618-

99 standard conditioning procedure, before being subjected to subsequent thermal, structural, and 

morphological characterization analyses. 

Preparation of Composite Samples 

The Canarium schweinfurthii nut shells were first cleaned thoroughly to remove adhering impurities and 

dried in an oven at 80 °C for 24 h to eliminate moisture. The dried shells were subsequently ground and 



Atoshi MA et al                                                                           NextGen Chemical Discoveries, 2026, 2(2):61-77 

 
65 

sieved to obtain a uniform particle size distribution suitable for composite fabrication. Polypropylene 

pellets were used as the polymer matrix, while maleic anhydride-grafted polypropylene (MAPP) served as 

a compatibilizing agent to improve filler–matrix adhesion. 

The composite materials were prepared through melt compounding using a twin-screw extruder operating 

at temperatures ranging from 170–190 °C. Predetermined weight fractions of nut shell particles were mixed 

with polypropylene and the compatibilizer to ensure uniform dispersion within the matrix. The extruded 

material was pelletized and subsequently molded into test specimens using an injection molding machine 

under controlled processing conditions. These samples were then used for thermal, structural, and 

morphological characterization. 

Thermogravimetric Analysis (TGA) 

Thermogravimetric analysis was conducted to evaluate the thermal stability and degradation behavior of 

the polypropylene composites reinforced with Canarium schweinfurthii nut shell particles. Approximately 

5–10 mg of each composite sample was placed in a platinum crucible and heated from room temperature 

to 700 °C under a nitrogen atmosphere to prevent oxidative degradation. The heating rate was maintained 

at 10 °C min⁻¹ throughout the analysis. 

The weight loss profile obtained from the thermogravimetric curve was used to determine the onset 

degradation temperature, maximum degradation temperature, and residual char content. These 

parameters provided insight into how the incorporation of lignocellulosic particles influences the thermal 

resistance and decomposition characteristics of the polypropylene matrix. 

Scanning Electron Microscopy (SEM) 

Scanning electron microscopy was employed to investigate the surface morphology and interfacial 

adhesion between the polypropylene matrix and the Canarium schweinfurthii shell particles. Prior to 

analysis, the fractured surfaces of composite samples were coated with a thin layer of gold using a sputter 

coater to improve electrical conductivity. 

The microstructural observations were conducted using a scanning electron microscope operated at an 

accelerating voltage between 10 and 20 kV. The images obtained provided detailed information regarding 

particle dispersion, interfacial bonding, and the presence of microvoids or agglomerations within the 

composite structure. These morphological features are critical indicators of the mechanical performance 

and structural integrity of the reinforced polymer system. 

X-ray Diffraction (XRD) 

X-ray diffraction analysis was carried out to determine the crystalline structure and phase composition of 

the polypropylene composites. The measurements were performed using an X-ray diffractometer equipped 

with Cu-Kα radiation (λ = 1.5406 Å). The diffraction patterns were recorded over a 2θ range of 5° to 60° at 

a scanning rate of 2° min⁻¹. The resulting diffraction peaks were analyzed to identify changes in crystallinity 

and crystal orientation induced by the addition of Canarium schweinfurthii shell particles. Variations in peak 

intensity and position were used to evaluate the nucleating effect of the natural filler on the polypropylene 

matrix and to determine how filler incorporation influences the formation of specific crystalline phases. 

Fourier Transform Infrared Spectroscopy (FTIR) 

Fourier-transform infrared spectroscopy was used to identify functional groups and potential chemical 

interactions occurring between the polypropylene matrix and the lignocellulosic filler. The FTIR spectra 

were recorded using an infrared spectrometer operating in the range of 4000–400 cm⁻¹. Samples were 

analyzed using the attenuated total reflectance (ATR) technique, which allowed direct measurement 

without extensive sample preparation. Characteristic absorption bands corresponding to cellulose, 

hemicellulose, lignin, and polypropylene were examined to detect possible interfacial interactions and 
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confirm the effectiveness of the compatibilizer in promoting bonding between the hydrophilic filler and 

the hydrophobic polymer matrix. 

Dynamic Mechanical Analysis (DMA) 

Dynamic mechanical analysis was performed to evaluate the viscoelastic behavior of the polypropylene 

composites. Rectangular specimens were subjected to oscillatory deformation using a dynamic mechanical 

analyzer operating in a three-point bending mode. 

The measurements were conducted over a temperature range of −50 °C to 150 °C at a constant heating rate 

of 3 °C min⁻¹ and a fixed oscillation frequency of 1 Hz. The storage modulus, loss modulus, and damping 

factor (tan δ) were recorded as functions of temperature. These parameters provided valuable information 

about the stiffness, energy dissipation capability, and glass transition behavior of the composites. Changes 

in these properties were analyzed to understand the reinforcing effect of Canarium schweinfurthii nut shell 

particles and their influence on the dynamic mechanical performance of the polypropylene matrix. 

Density Test 

The density of the composites was determined following ASTM D792 standards. Each composite sample's 

mass was recorded using an analytical balance, and the volume was calculated from the dimensions of 

each sample (length × breadth × width), which were precisely measured with a digital vernier caliper. The 

density of the samples was then calculated as the mass-to-volume ratio (kg/m³) using the formula in 

Equation 1 (Ago et al., 2024): 

Density=
Mass

Volume
 kg/m3     1 

This method provides an accurate measurement of the composite’s density (Lawal, 2019) 

Flammability Test (ASTM D635) 

To find out how quickly different samples burn, the process starts by marking a 20 mm section on each 

specimen. Each specimen is then secured horizontally in a retort stand, ensuring that a 60 mm portion 

extends beyond the clamp. The free end of the sample is set on fire, and the time taken for the sample to 

ignite is noted as the ignition time (It). The specimen is allowed to burn until it reaches the 20 mm mark, 

and the distance burned (Dp) is then measured. The relative rates of burning can be calculated using the 

following expression in Equation 2 (Dass et al., 2016: 

Relative rate of burning=
Dp

It
    2 

Where Dp = Propagation distance measured in mm, Pt = Flame propagation time measured in seconds, It = 

Ignition time measured in seconds 

 

Results 

 
Figure 2: Effect of matrix content on density of treated and untreated Canarium schweinfurthii fruit nut with 

unused and waste polypropylene-based composites at constant filler 
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Figure 2 illustrates the influence of matrix concentration on the density of composites reinforced with 

treated and untreated Canarium schweinfurthii fruit nut-shell (CFN) particles using both unused and 

recycled polypropylene matrices while maintaining a constant filler proportion. The results reveal a 

progressive increase in composite density as the matrix content increases across all composite categories. 

For the treated CFN reinforced with unused polypropylene, density values increased from 0.0164 kg/m³ to 

0.024 kg/m³ as the matrix concentration increased. Similarly, the untreated CFN reinforced with unused 

polypropylene exhibited density values ranging from 0.022 kg/m³ to 0.0264 kg/m³. In the case of composites 

produced using recycled polypropylene, the treated CFN composite displayed density values between 

0.021 kg/m³ and 0.026 kg/m³, whereas the untreated CFN composite recorded values ranging from 0.024 

kg/m³ to 0.0282 kg/m³. 

The gradual increase in density with increasing matrix content can be attributed to the greater contribution 

of the polymer phase to the overall mass and compactness of the composite structure. As the polypropylene 

content increases, the polymer matrix occupies a larger proportion of the internal volume of the composite 

and improves the encapsulation of filler particles, resulting in enhanced packing efficiency and reduced 

internal void spaces within the material. 

Furthermore, differences observed between treated and untreated CFN composites can be associated with 

variations in interfacial adhesion between the lignocellulosic filler and the polypropylene matrix. Surface-

treated particles generally exhibit improved compatibility with the polymer phase, which promotes better 

dispersion and stronger filler–matrix interactions. In contrast, untreated particles often display poorer 

interfacial bonding, which may result in the formation of micro-voids or interfacial gaps that negatively 

affect the overall densification of the composite structure (Balogun et al., 2025). These interfacial defects can 

facilitate the entrapment of air during the fabrication process, thereby preventing the formation of a fully 

consolidated composite matrix (Kumar et al., 2024). 

Consequently, the presence of such voids in untreated composites can contribute to deviations from the 

theoretical density of the material. In contrast, chemically treated fillers tend to promote stronger interfacial 

adhesion with the polypropylene matrix, resulting in a more homogeneous structure with fewer defects at 

the interface (Munusamy et al., 2026; Cionita et al., 2022). This improved interaction between the polymer 

matrix and the nut-shell particles can lead to a reduction in pore size and volume within the composite, 

which is often associated with enhanced cross-linking or interfacial bonding between the two phases (Ali, 

2023). The improved structural integration resulting from enhanced filler–matrix adhesion ultimately 

contributes to lower porosity and greater densification within the composite material. As a result, 

composites with stronger interfacial bonding typically exhibit improved structural compactness and more 

stable physical properties (Wong et al., 2025). These observations highlight the critical role of matrix 

composition and filler treatment in controlling the density and structural integrity of lignocellulosic-

reinforced polypropylene composites. 
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Figure 3: Effect of matrix content on rate of flame propagation of treated and untreated Canarium schweinfurthii 

fruit nut (CFN) with unused and waste polypropylene-based composites at constant Polypropylene. 

 

Figure 3 illustrates the influence of matrix content on the flame propagation rate of composites reinforced 

with treated and untreated Canarium schweinfurthii fruit nut-shell (CFN) particles using both virgin and 

recycled polypropylene matrices, while maintaining a constant filler fraction. The results reveal that matrix 

composition significantly affects the flammability characteristics of the developed composites. 

The observed trend indicates that decreasing the proportion of polymer resin in the composite leads to a 

reduction in ignition resistance and consequently promotes faster flame propagation. This behavior is 

reflected in the measured flame spread rates for all composite categories. For the unused polypropylene 

composite reinforced with treated CFN, the flame propagation rate increased from 0.45 mm/s to 0.63 mm/s 

as the matrix proportion decreased. A similar trend was observed for the unused polypropylene reinforced 

with untreated CFN, where the flame propagation rate increased from 0.53 mm/s to 0.686 mm/s. 

A comparable pattern was also recorded for composites fabricated with recycled polypropylene. The 

treated CFN/waste polypropylene composite exhibited an increase in flame propagation rate from 0.60 

mm/s to 0.762 mm/s, while the untreated CFN/waste polypropylene composite showed a rise from 0.64 

mm/s to 0.793 mm/s. These results suggest that composites containing lower polymer matrix content 

become more susceptible to flame spread. This behaviour can be attributed to the structural role of the 

polymer matrix in shielding the lignocellulosic reinforcement from direct thermal exposure. When the 

matrix fraction is sufficiently high, the polymer phase forms a continuous encapsulating structure around 

the filler particles, which can slow heat penetration and delay the release of combustible volatiles. 

However, when the polymer content decreases, this protective mechanism becomes compromised, thereby 

exposing a greater surface area of the cellulosic reinforcement to the flame and accelerating its thermal 

decomposition (Ao et al., 2023). 

Furthermore, the increased particle loading associated with lower matrix concentrations elevates the 

amount of combustible biomass within the composite. This condition facilitates the candlewick effect, where 

the fibrous lignocellulosic particles promote capillary transport of pyrolysis products and support rapid 

moisture evaporation and volatile release during combustion (Aloka et al., 2024; Decsov et al., 2023). As a 

result, the exposed bio-fillers effectively bypass the thermal shielding normally provided by the polymer 

phase, leading to a reduction in the ignition threshold of the composite system (Suruji, 2023). 
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These observations are consistent with the well-documented thermal sensitivity of natural fibres. 

Lignocellulosic materials composed primarily of cellulose, hemicellulose, and lignin undergo rapid 

pyrolytic degradation when subjected to elevated temperatures, particularly when the protective binder 

envelope surrounding them is diminished (Muralidharan et al., 2024). Consequently, the increased 

exposure of these organic constituents enhances the surface fuel-to-oxidizer ratio, which promotes 

exothermic oxidation reactions capable of sustaining a self-propagating flame front. 

In addition, composites reinforced with untreated fillers may experience poorer interfacial adhesion with 

the polymer matrix, resulting in micro-voids or interfacial gaps that facilitate heat and oxygen diffusion 

during combustion. Such structural irregularities can further accelerate flame spread. Conversely, surface-

treated fillers tend to improve matrix–filler compatibility and reduce interfacial defects, thereby slightly 

moderating flame propagation. 

The results demonstrate that the proportion of polymer matrix plays a critical role in determining the fire 

behaviour of CFN-reinforced polypropylene composites. Increasing the matrix content enhances structural 

continuity and thermal shielding, thereby reducing flame spread. These findings highlight the importance 

of optimizing both interfacial adhesion and matrix-to-filler ratio to improve the fire safety performance 

of bio-composite materials (Kanaginahal et al., 2023). 

 

 
Figure 4a: FTIR Spectrum for Alkaline Treated Canarium schweinfurthii nut/polypropylene composite 

 

 
Figure 4b: FTIR Spectrum for Untreated Canarium schweinfurthii nut/polypropylene composite 
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The Fourier Transform Infrared (FTIR) spectra of the treated fig 4a and untreated Canarium schweinfurthii 

nut shell (CFN) 4b reinforced polypropylene composites provide insight into the chemical interactions 

occurring within the composite structure. The spectral features mainly reflect the contributions of the 

polypropylene matrix and the lignocellulosic components of the CFN filler, as well as the chemical 

modifications introduced through alkaline treatment. 

The absorption peaks observed at 2924 cm⁻¹ and 2850 cm⁻¹ correspond to the asymmetric and symmetric 

C–H stretching vibrations of aliphatic hydrocarbons present in the polypropylene backbone. The 

appearance of these peaks in both treated and untreated composites confirms that the polypropylene 

matrix maintains its chemical stability during composite processing. This indicates that the alkaline 

treatment primarily modifies the surface chemistry of the CFN reinforcement rather than altering the 

polymer structure. 

A notable spectral feature occurs near 1730 cm⁻¹, which is typically associated with C=O stretching 

vibrations originating from ester or carbonyl groups present in hemicellulose and other lignocellulosic 

constituents. In the treated composite, the reduction in the intensity of this peak suggests the partial 

removal of hemicellulose and other amorphous components during the alkaline treatment process. The 

elimination of these components exposes more cellulose-rich surfaces and increases the surface roughness 

of the filler, thereby enhancing the mechanical interlocking between the CFN particles and the 

polypropylene matrix. 

The broad absorption band between 3400 and 3500 cm⁻¹ corresponds to O–H stretching vibrations 

associated with hydroxyl groups in cellulose and absorbed moisture within the lignocellulosic structure. 

In the treated composite, this band appears less intense compared with the untreated sample, indicating a 

reduction in the number of accessible hydroxyl groups after alkaline treatment. When this band appears 

diminished in the treated samples, it signifies a reduction in the hygroscopic nature of the filler due to the 

successful elimination of hydrophilic hydroxyl groups. This decrease in intensity indicates that the alkaline 

treatment effectively lowers the density of reactive –OH sites, thereby reducing the overall moisture 

absorption capacity of the composite (Kumar et al., 2025). 

Furthermore, the modification of the fiber surface chemistry contributes to improved interfacial interaction 

with the polypropylene matrix. The reduction of polar hydroxyl sites decreases the likelihood of water 

accumulation at the filler–matrix interface, which often leads to the formation of micro-voids and weak 

interfacial bonding in untreated natural fiber composites. By minimizing these defects, the treated filler can 

establish stronger physical interlocking with the surrounding polymer matrix (Asyiqin et al., 2023). Such 

interfacial stabilization is essential for maintaining long-term structural integrity, particularly in 

applications where the composites are exposed to humid or moisture-prone environments (Mohammed et 

al., 2025). 

Additional peaks at 1450 cm⁻¹ and 1375 cm⁻¹ correspond to CH₂ bending and CH₃ deformation vibrations 

associated with polypropylene. The persistence of these peaks across the spectra of both treated and 

untreated composites confirms that the fundamental chemical structure of the polymer matrix remains 

intact throughout the processing and treatment procedures. 

In contrast, the FTIR spectrum of the untreated CFN/PP composite exhibits more pronounced 

lignocellulosic absorption bands, indicating a higher presence of cellulose, hemicellulose, and lignin 

components. The stronger hydroxyl-related absorption bands reflect a higher degree of hydrophilicity and 

moisture affinity. This characteristic can negatively influence the interfacial adhesion between the 

hydrophilic filler and the hydrophobic polypropylene matrix, resulting in weaker stress transfer and 

increased susceptibility to moisture-induced degradation. The comparative FTIR results demonstrate that 
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alkaline treatment effectively modifies the surface chemistry of CFN reinforcement by reducing 

hemicellulose content and decreasing the availability of hydroxyl groups responsible for moisture 

absorption. These chemical changes improve compatibility between the hydrophilic lignocellulosic filler 

and the hydrophobic polypropylene matrix, leading to enhanced interfacial bonding, reduced moisture 

sensitivity, and improved composite durability. 

 

 
Figure 5: DSC Spectrum for Treated Canarium schweinfurthii Nut-shell/Polypropylene Composite. 

 

The Differential Scanning Calorimetry (DSC) thermogram of the alkaline-treated Canarium schweinfurthii 

nut shell (CFN) reinforced polypropylene composite provides important information regarding the 

thermal transitions and stability of the composite material. The observed thermal behavior reflects the 

influence of alkaline treatment on the structural interaction between the lignocellulosic reinforcement and 

the polypropylene matrix. The DSC thermogram indicates that the thermal degradation of the treated 

composite begins at an onset temperature of approximately 148.40 °C and ends near 148.69 °C, 

representing a defined thermal transition associated with the removal of residual moisture and volatile 

substances within the natural filler. The elimination of these volatile compounds during alkaline treatment 

improves the thermal stability of the composite by reducing the presence of thermally unstable extractives 

that may otherwise promote premature degradation. 

A distinct exothermic peak observed at approximately 165.44 °C represents a key thermal event associated 

with molecular reorganization within the polypropylene matrix. During this stage, the treated CFN 

particles act as nucleating agents that promote the alignment and crystallization of polymer chains. The 

formation of these crystalline domains strengthens the structural framework of the composite and enhances 

its resistance to thermal deformation and degradation. 

At a higher temperature of approximately 288 °C, the composite exhibits a significant mass loss of about 

69.3 %, which corresponds to the thermal degradation of the lignocellulosic framework of the CFN 

reinforcement, particularly the cellulose and lignin constituents. This degradation behavior reflects the 

intrinsic thermal instability of these polysaccharide components when exposed to temperatures beyond 

their structural tolerance. The decomposition process typically occurs through a multi-stage mechanism, 

in which the volatile degradation products generated from hemicellulose and cellulose can further 

accelerate the breakdown of surrounding polymer structures (Masuelli, 2021). 
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Following this major degradation stage, a charred residue remains, indicating that portions of the 

composite possess thermally stable structures capable of resisting complete decomposition. The presence 

of this residue suggests that alkaline treatment contributes to the stabilization of the fiber–matrix interface 

by removing thermally labile extractives that could otherwise accelerate mass loss during heating 

(Bichang’a et al., 2024; Kumar et al., 2025). The reduction of these unstable constituents improves the 

structural integrity of the composite during thermal exposure. 

Additionally, the formation of a carbonaceous char layer during decomposition can act as a protective 

barrier that slows heat transfer and restricts oxygen diffusion into the material. This protective layer, 

combined with improved interfacial bonding between the treated fibers and polypropylene matrix, 

contributes to the enhanced thermal resistance and fire retardancy observed in the treated CFN/PP 

composite system (Kumar et al., 2024). 

The improved degradation profile also reflects the removal of less stable hemicellulose components during 

alkaline treatment. Since hemicellulose decomposes at lower temperatures compared with cellulose and 

lignin, its reduction increases the thermal threshold required for bulk material breakdown. Consequently, 

the treated composite exhibits a more stable degradation pattern and improved resistance to thermal 

deterioration (Rao et al., 2024). 

In contrast, the untreated CFN/PP composite generally exhibits lower thermal stability due to the presence 

of untreated fiber surfaces containing moisture, extractives, and higher concentrations of hemicellulose. 

These components weaken fiber–matrix interactions and facilitate earlier thermal degradation. Therefore, 

the DSC analysis confirms that alkaline treatment significantly enhances the thermal durability, 

structural stability, and fire resistance of CFN/PP composites by improving fiber surface chemistry and 

strengthening the interfacial bonding within the composite structure. 

 

 
Figure 6a: XRD Spectrum for alkaline-treated Canarium schweinfurthii Nut 

 

The X-ray diffraction (XRD) patterns of both treated and untreated Canarium schweinfurthii (CFN) 

reinforced polypropylene (PP) composites reveal notable differences in structural ordering and 

crystallinity. Figure 6a shows the XRD spectrum for the alkaline-treated CFN/PP composite, while Figure 

6b displays the spectrum for the untreated CFN/PP composite. The peak positions for both samples 

remain consistent, confirming that the fundamental crystalline phases of the polymer matrix are 

maintained regardless of treatment. However, a clear distinction emerges in peak intensity and sharpness 

between the treated and untreated composites. 

In Figure 8, the treated CFN/PP composite exhibits sharper and more intense peaks around 15° (101), 20° 

(112), and 25° (114), indicating a higher degree of crystallinity. This enhancement is attributed to the 
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alkaline treatment, which removes amorphous components such as hemicellulose and lignin from the 

filler. The elimination of these disordered constituents allows the cellulose chains to realign efficiently, 

forming a more organized crystalline structure. The improved crystallinity strengthens interfacial bonding 

between the fibers and the polymer matrix, providing additional adhesion sites and promoting better 

mechanical interlocking, which enhances stress transfer under load. 

In contrast, Figure 6b illustrates the untreated CFN/PP composite, which exhibits broader and less intense 

diffraction peaks, indicative of a higher proportion of amorphous material. The presence of these 

amorphous regions limits fiber-matrix adhesion, reduces stress transfer efficiency, and potentially 

compromises mechanical performance. Furthermore, the less ordered structure may retain higher 

hydrophilicity due to exposed hydroxyl groups, which can impede compatibility with the hydrophobic PP 

matrix. 

The observed structural modifications in the treated composite (Figure 6a) are consistent with mechanisms 

seen in other cellulosic polymer systems, where alkali-induced delignification reduces hydroxyl group 

density, exposing crystalline cellulose and decreasing fiber hydrophilicity. This chemical modification not 

only enhances fiber–matrix compatibility but also increases surface roughness and effective surface area, 

providing additional mechanical interlocking sites that improve tensile and flexural strength. The 

combination of higher crystallinity, optimized interfacial adhesion, and enhanced mechanical interlocking 

explains the superior structural and performance characteristics of the treated CFN/PP composite relative 

to the untreated sample (KUMAR et al., 2024; Melyna & Afridana, 2023; Kumar et al., 2025; Lee et al., 2021; 

Mani et al., 2024). 

The XRD analysis confirms that alkaline treatment significantly enhances the crystallinity of CFN fillers 

(Figure 6a), improving the structural organization and mechanical stability of the polypropylene-based 

composite. Meanwhile, the untreated composites (Figure 6b) retain more amorphous regions, highlighting 

the importance of chemical treatment in optimizing bio-composite performance. 

 

 
Figure 6b: XRD Spectrum for untreated Canarium schweinfurthii Nut 

 

Conclusion 

The study demonstrates that alkaline treatment of Canarium schweinfurthii nut-shell fillers enhances the 

performance of polypropylene-based composites. Treated CFN particles improved filler–matrix adhesion, 

reduced moisture absorption, and promoted higher crystallinity, resulting in superior density, thermal 

stability, and mechanical integrity compared with untreated composites. The polymer matrix content 

significantly influences flame propagation and structural consolidation, with higher PP fractions providing 

better thermal shielding and lower flammability. These findings confirm that surface modification of bio-
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fillers is critical for optimizing the physical, thermal, and fire-resistance properties of lignocellulosic-

reinforced polymer composites, providing a sustainable pathway for producing high-performance bio-

composite materials suitable for industrial applications. 
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