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Abstract: 

The increasing accumulation of wood and plastic waste necessitates the development of 

sustainable, value-added materials such as wood-plastic composites (WPCs). This study 

investigated the feasibility of utilizing Falcataria moluccana (falcata) sawdust as a reinforcing 

filler in a recycled low-density polyethylene (LDPE) matrix. WPCs were fabricated via twin-

screw extrusion using three sawdust particle sizes—P20R40 (0,840 - 0,400 mm), P40R60 

(0,400 - 0,250 mm), and P60 (<0,250 mm)—at blending ratios of 30:70 and 40:60 

(sawdust:LDPE, by weight). Physical properties, including relative density, moisture content, 

water absorption, and thickness swelling, were evaluated alongside mechanical performance 

according to ASTM standards. The results demonstrated that the incorporation of sawdust 

produced WPCs with physical stability and hygroscopic properties comparable to or superior 

to those of the pure recycled LDPE control. Mechanical analysis revealed a significant 

reinforcement effect; the inclusion of sawdust enhanced both the tensile and flexural strength 

and modulus of the composites. Specifically, finer sawdust particles (<0,250 mm) and a 30:70 

sawdust-to-LDPE ratio yielded the optimal overall mechanical performance. However, impact 

strength tests indicated that the wood filler increased material brittleness, as the neat LDPE 

significantly outperformed all WPC treatments in energy absorption. Overall, this study 

concludes that falcata sawdust is a viable natural fiber for reinforcing recycled LDPE, offering 

a sustainable pathway for upcycling waste into rigid composite materials, provided that 

applications account for the inherent reduction in impact resistance. 
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Wood-plastic composites (WPC/WPCs) blend wood particles and thermoplastic materials from 

post-consumer recycled plastics and sawdust generated by lumber mills and furniture factories 

(Clemons 2002, Caulfield et al. 2005). Produced for several decades now in various countries, 

they have emerged as a compelling eco-friendly substitute for conventional materials across 

diverse industries owing to their multifaceted properties including durability, adaptability, and 

sustainability. Worldwide, WPCs find extensive use as outdoor deck floors, as well as railings, 

fences, landscaping timbers, cladding, siding, park benches, molding, trim, window and door 

frames, and indoor furniture (Smith and Wolcott 2006, Spear et al. 2015, Xu et al. 2021). 

Since the 1980s, the success of WPCs has been evident across a spectrum of industries spanning 

construction, automotive, furniture, electronics, and beyond. In the Philippines, there is a 

growing exploration of various plastics, whether virgin or recycled, with notable leaning 

towards the utilization of recycled waste plastics sourced from Material Recovery Facilities 

(MRFs) and combined with agricultural processing wastes (Paglicawan et al. 2025) from 

industrial processes and wood-based industries such as sawmills, veneers, plywood, and 

furniture manufacturing (Jimenez et al. 2013, Paglicawan et al. 2022). This surge in interest 

can be attributed, in part, to the influx of imported WPCs into the country, which has sparked 

a realization of the untapped potential of locally available natural fibers. 

Driven by an increasing market demand for WPCs, plastic manufacturers are actively seeking 

opportunities to capitalize on all viable natural fibers sourced from agricultural and forest 

industries. While technically all natural fibers can serve as fillers for thermoplastics, their 

suitability varies due to differences in chemical composition. Studies have revealed that natural 

fibers, whether derived from forest tree species or agricultural plants, must be carefully 

evaluated for compatibility with plastics to enable their conversion into diverse WPC products 



 

 

(Berger and Stark 1997, Caulfield et al. 2005, Gacitúa and Wolcott 2009, Berzin and Vergnes 

2021, Xu et al. 2021). 

Studies on the physical and mechanical properties of WPCs have been a cornerstone of their 

development, particularly when introducing new natural fibers from wood processing wastes 

or agricultural and industrial byproducts. A review of existing literature reveals several key 

findings. In exploring the effect of different plastic matrices on physical properties, Najafi et 

al. (2008) found that WPCs made with polypropylene (PP) exhibit higher water absorption 

than those with polyethylene (PE), and that composites from recycled plastics absorb more 

water than those from virgin materials. The kinetics of water absorption have also been shown 

to follow a Fickian diffusion process (Tajvidi et al. 2006, Najafi et al. 2008), with significant 

variations observed between different fiber types. Furthermore, water uptake of WPCs 

increases with the increase in fiber content (Chaharmahali et al. 2010) as well as with larger 

particle sizes (Khonsari et al. 2015). Research on mechanical properties has shown that WPCs 

from recycled plastics can possess similar strength and stiffness as those made from virgin 

plastics (Najafi et al. 2006). However, the proportion and compatibility of wood flour and 

polymer are critical factors, as an increase in fiber content beyond an optimal level can lead to 

reduced flexural strength and impact resistance due to lack of compatibility between phases 

(Chaharmahali et al. 2008).     

Despite these advancements, a significant knowledge gap remains regarding the specific 

interfacial compatibility and reinforcing potential of low-density tropical wood species when 

combined with recycled low-density polyethylene (LDPE). While high-density polyethylene 

(HDPE) and PP are extensively documented in WPC literature, there is a lack of empirical data 

on how the unique anatomical and chemical characteristics of fast-growing plantation species, 

such as falcata, interact with the more flexible LDPE matrix, particularly in non-compatibilized 



 

 

systems. This lack of specific performance data hinders the industrial adoption of these specific 

waste streams for structural or semi-structural applications. 

One of the identified concerns highlighted in the Philippine Council for Agriculture, Aquatic, 

and Natural Resources Research and Development’s (PCAARRD) Industry Strategic Plan for 

Industrial Tree Plantation Species (ITPS) is the large volume of unutilized plantation wastes, 

including sawdust, log trims, veneer round-outs, veneer log cores, and barks generated from 

the processing of falcata (Falcataria moluccana (Miq.) Barneby & J.W. Grimes), yemane 

(Gmelina arborea Roxb.) and other ITPS (Israel and Bunao 2017, Jimenez et al. 2021). These 

processing wastes primarily end up as fuel for boilers, contributing to increased greenhouse 

gas emissions.  Converting these wastes into WPCs offers a promising alternative for resource 

recovery.  

Among the post-consumer thermoplastic wastes, LDPE plastic constitutes a significant volume 

generated daily in urban cities contributing heavily to environmental pollution (World Bank 

Group 2021). Recycling these plastics into valuable products like WPCs presents a viable 

solution to the environmental challenges associated with plastic waste accumulation. Known 

for its flexibility, toughness, and ease of processing, LDPE can potentially serve as a matrix 

material in WPCs (Posch 2011, Ramli 2024). However, research on this area has been limited, 

particularly regarding its blending compatibility and properties with ITPS such as falcata.  

This study investigated the compatibility between recycled LDPE and sawdust obtained from 

sawmilling of falcata logs. Falcata was selected due to its high production volume in the 

Philippines (Jimenez et al. 2015, Alipon et al. 2021, Jimenez et al. 2022, FMB-DENR 2023). 

By addressing the aforementioned knowledge gap, this research aimed to evaluate the physical 

and mechanical properties of the resulting composite by varying the wood-sawdust ratio and 

particle size. It was hypothesized that incorporating falcata would enhance the mechanical 



 

 

properties of LDPE in WPCs, contributing to resource conservation and circular economy 

initiatives. 

 

 

Materials and methods 

 

 

Experimental materials 

 

 

Seven-year-old falcata trees were sourced from Bayugan, Agusan del Sur, Mindanao, 

Philippines. According to a technical information leaflet (n.d.) published by the Forest Products 

Research and Development Institute (FPRDI), the basic chemical composition of falcata wood 

is as follows: holocellulose content, 71,70 %; alpha-cellulose, 53,50 %; lignin, 24,70 %; 

pentosans, 16,35 %; alcohol-benzene extractives, 2,10 %; hot water solubility, 1,25 %; 1 % 

NaOH solubility 14,60 %; and ash content, 0,40 %. 

The falcata logs were sawn into lumber using the FPRDI’s Wood-Mizer. The sawdust 

generated was collected and oven-dried at 103 ºC ± 2 ºC for 8 h with mixing every 2 h to ensure 

uniform drying. After drying, the sawdust was cooled and mechanically sieved through various 

mesh sizes (20 mesh, 40 mesh and 60 mesh). The initial sieving of the four sacks of sawdust 

was conducted for 5 min, 10 min, and 15 min to determine the optimal sieving time required 

to screen 100 g of sawdust. Four sieving trials were performed for each duration to assess the 

practicality of longer sieving periods. The sieving yield for each duration and mesh size was 

calculated and compared. Free-settled bulk density of sieved falcata sawdust was determined. 



 

 

The recycled LDPE pellets used in the experiment were purchased from Reinheart Marketing, 

Inc., a plastic recycling plant in Valenzuela City, Philippines. The bulk density of the LDPE 

was also determined. Differential Scanning Calorimetry (DSC) confirmed that the recycled 

pellets were composed of 88,2 % LDPE and 11,8 % ethylene vinyl acetate (EVA) copolymer. 

The obtained melt flow rate (MFR) of the recycled LDPE used in this study was 4,32 g/10 min 

(measured at 190 °C and 2,16 kg load).  

 

 

Compounding experiment 

 

 

The compounding ratios of falcata sawdust to LDPE is shown in Table 1.  For each 

combination, i.e. mesh-SD:LDPE, 750 g of mixture was made.  

 

Table 1: Matrix of compounding of SD:LDPE at various mesh sizes 

 
The 40:60 combination of P20R40 clogged the exit nozzles of the WPC strands, hence it was discontinued. 

 

The mixture of falcata sawdust and recycled LDPE was melt compounded in a counter-rotating 

twin-screw extruder (Scientific LabTech Eng’g Company Ltd) with an L/D ratio of 40:1 to 

produce WPC strands (Figure 1). The continuously extruded strand was transformed into 

pellets using a pelletizer. The temperature profiles used during the process were as follows: 

Zone 1 = 180 °C, Zone 2 = 180 °C, Zone 3 = 180 °C, Zone 4 = 190 °C, Zone 5 = 190 °C, Zone 

6 = 190 °C, Zone 7 = 170 °C, Zone 8 = 170 °C, Zone 9 = 160 °C and Zone 10 = 160 °C. 



 

 

Additional parameters included a hopper speed of 11,5 rpm (1,20 rad·s-1), screw rotation of 

200 rpm (20,94 rad·s-1), and pelletizer speed of 9,7 rpm (1,02 rad·s-1).  

 It should be noted that no coupling agents were incorporated into these compounding 

experiments to allow the establishment of baseline data for the material properties without such 

additives. Further, the inherent presence of polar Ethylene-Vinyl Acetate (EVA) copolymer 

within the recycled LDPE matrix was hypothesized to enhance the interfacial bonding between 

the wood particles and the plastic matrix. This is because EVA, being a polar molecule, can 

facilitate hydrogen bonding with the hydroxyl groups (OH) of wood, thereby improving 

compatibility (Faker et al. 2008, Aumnate et al. 2010, Zimmermann et al. 2014, Hu et al. 2020) 

The compounded WPC at the 40:60 SD:LDPE of P20R40 mesh lumped and blocked the exit 

nozzles of the WPC strand due to larger particle size and higher percentage mass compared 

with 30:70 SD:LDPE of P20R40 mesh. Hence, compounding of the sawdust and LDPE at 

P20R40 mesh of 40:60 combination was discontinued. 

 

 

Production and testing of experimental boards 

 

 

The composite pellets were oven-dried to below 3 % moisture at 80 °C for 2 h in a vacuum 

oven. A mass of 150 g of WPC pellets was then placed in a square mold (0,3 cm × 20 cm × 20 

cm) enclosed between aluminum sheets. The mold was heated to 180 °C in a compression 

molding machine and pressed at 50 kg·cm⁻² for 5 min. Entrapped air was relieved by applying 

step-down pressure prior to removing the samples from the hot press. The boards were 

subsequently transferred to a cold press for 5 min, then conditioned for one week at 23 ± 2 °C 

and approximately 65 % relative humidity (RH). 



 

 

After conditioning, the boards were cut using a portable jigsaw to the required dimensions for 

physical and mechanical testing, in accordance with the specifications of the relevant ASTM 

standards. 

 

 

Physical properties testing 

 

 

Five samples from each treatment combination (as shown in Table 1) were tested for physical 

properties following ASTM D1037-99 (2017) and ASTM D2395-17 (2022). A modified 

sample size of 0,3 cm × 2 cm × 6 cm was used for determining moisture content (MC), relative 

density (RD), water absorption (WA), and thickness swelling (TS). 

Initial weight (Wi) was measured using a Shimadzu analytical balance with a precision of 

0,0001 g. Initial thickness (Ti) was recorded at three equidistant points across the width using 

a Mitutoyo digital thickness gauge with a precision of 0,001 mm. 

Due to slight thickness variations, volume (Vw) was determined using the water immersion 

method based on Archimedes' principle. The setup consisted of a Boeco digital top-loading 

balance (precision: 0,001 g), a 500-mL beaker filled with distilled water, and a wooden stick 

with a fine needle affixed to the tip. The stick was clamped vertically to a metal rod stand, 

allowing the sample to be mounted on the needle tip. The balance was tared to zero with the 

water-filled beaker in place. Each sample was carefully submerged until fully immersed, 

ensuring no contact with the beaker walls or bottom. The balance reading during submersion 

represented the weight of the displaced water, which corresponded to the sample’s Vw. Samples 

were then oven-dried at 103 °C until a constant weight (Wo) was reached.  

MC was calculated using the Equation 1: 
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Oven-dry thickness (To) was measured at three points, and the values of Wo and To were used 

as reference for WA and TS calculations after 2 h and 24 h of water immersion with Wf  as the 

final weight and Tf as the final thickness. 

WA was determined using the Equation 2: 
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TS was computed as Equation 3: 

 

( )0

0

TS (%) 100
fT T

T

−
=   (3) 

 

 

Mechanical properties testing 

 

 



 

 

Five samples per treatment combination were also tested for mechanical properties. All test 

specimens were conditioned at 23 °C and 50 % RH for one week prior to testing. 

Tensile strength was determined using a Shimadzu Autograph AGS-X Universal Testing 

Machine equipped with a 10 kN load cell, following ASTM D638-02 (2017). Type I dumbbell-

shaped specimens were tested at a crosshead speed of 5 mm·min⁻¹ and a gauge length of 50 

mm. 

Flexural tests were conducted based on ASTM D790-15e2 (2017) and ASTM D7031-11 (2019) 

using specimens with dimensions of 127 mm × 12,7 mm × 3 mm, under a three-point bending 

configuration. The support span was set at 48 mm, with a crosshead speed of 1,28 mm·min⁻¹ 

and a 10 kN load cell. 

Impact strength was evaluated using the Izod method, in accordance with ASTM D256-10e1 

(2018), using a Zwick/Roell 5,5 P pendulum impact tester. Unnotched specimens with 

dimensions of 63,5 mm × 12,7 mm × 3 mm were used. 

A schematic diagram of the process-from production of composite pellets, molding via 

compression, to physical (RD, MC, WA, and TS) and mechanical (tensile, flexural, impact 

strength) testing-is presented in Figure 1. 

 

 

Microscopic observations of the WPC samples 

 

 

Microscopic observations of the WPC samples were performed using a Keyence VHX-7000 

digital microscope. The morphology and surface characteristics of the compounded WPC 

pellets and boards were examined. These were compared against the recycled LDPE reference 

material. 



 

 

 

 

Statistical analysis 

 

 

The physical and mechanical properties tested were analyzed using a Completely Randomized 

Design (CRD) in a one-way ANOVA. In this model, the treatments were defined as the unique 

combinations of two experimental factors: sawdust particle size (P20R40, P40R60, and P60) 

and sawdust-to-LDPE blending ratio (30:70 and 40:60).  Treatment means were separated 

using Duncan Multiple Range Tests (DMRT) at a significant level of p <0,05. Statistical 

analysis was carried out using SAS 9,4 for Windows. 

 



 

 

 

Figure 1: Schematic illustrations of the production process for compounded WPC pellets, 

followed by the manufacturing of experimental boards through compression molding, and the 

subsequent physical and mechanical property testing. 

 

 

Results and discussion 



 

 

 

 

Sieving property of falcata sawdust 

 

 

Falcata sawdust sieved for 5 min, 10 min, and 15 min produced different retention proportions 

across mesh sizes (Table 2). At 5 min and 10 min of sieving, the highest retention occurred in 

the R20 fraction (>0,841 mm). However, at 15 min, the highest retention shifted to the P20R40 

fraction (0,841 - 0,400 mm). For every 100 g of sawdust sieved, approximately one-third 

remained in R20, another third in P20R40, and the remaining third was distributed between 

P40R60 (0,400 mm - 0,250 mm) and P60 (<0, 250 mm). Since the present study used only 

sawdust passing through 20 mesh, 40 mesh, and 60 mesh sizes, roughly 33 % of the sieved 

material in the R20 fraction was excluded from WPC production but could still be utilized for 

other value-added applications such as sawdust briquettes for solid fuel (Eduagin et al. 2021) 

or as a precursor for activated carbon production (Granada et al. 2024). 

Table 2 shows that with every 5 min increase in sieving time, the yield of the R20 fraction 

decreased, with the reduction redistributed across finer mesh fractions. However, the 

incremental gain in finer fractions was small. For example, the P60 fraction increased only 

from 12,56 g at 5 min to 13,20 g at 10 min, and 15,17 g at 15 min. Given the minimal increase 

in fine-particle yield relative to the additional time and energy cost, extending sieving beyond 

5 min is impractical. Thus, a sieving time of 5 min was deemed sufficient for this study. 

The particle size distribution of sawdust is influenced not only by the physical and anatomical 

properties of the wood source but also by the sawing process itself (Maharani et al. 2010). 

Intrinsic factors such as density, grain orientation, moisture content, and extractive composition 

interact with tool-related characteristics including blade type, sharpness, and tooth geometry 



 

 

and operational parameters such as feed rate, cutting speed, and whether a band saw or circular 

saw is used (Mračková et al. 2016, Bello 2017). These variables collectively determine the 

amount of material retained in each mesh category during sieving. Previous studies on the sieve 

analysis of wood sawdust are not directly comparable with the present work because they 

employed substantially different mesh size ranges. For example, Bello (2017) used #8 mesh to 

#40 mesh screens, which are suited for coarser particles, while Vítěz and Trávníček (2010) 

categorized particles into 6 mm, 0,1 mm, and <0,1 mm size classes ranges that differ markedly 

from the finer particle fractions examined in the present study. 

In the context of WPC manufacturing, particle size, geometry, and surface area significantly 

influence polymer encapsulation, interfacial adhesion, and final mechanical performance 

(Stark and Rowlands 2003, Gacitúa and Wolcott 2009, Gozdecki and Wilczyński 2015, 

Khonsari et al. 2015, Rahman et al. 2018). Coarser particles, such as those in the P20R40 mesh 

fraction, were observed to cause blockage of the extruder strand exit nozzles during WPC 

compounding at a loading level of 40 wt.% falcata sawdust. Finer particles generally provide 

better dispersion and bonding within the polymer matrix due to their larger specific surface 

area. However, an excessive proportion of fines may lead to processing difficulties due to 

particle agglomeration and reduced mechanical strength attributed to poor load transfer 

(Delviawan et al. 2019, Sandquist et al. 2020).  Considering these trade-offs, the present study 

used only material passing through the 20-mesh screen, further classified into four mesh 

categories (Table 2), to achieve an optimal balance between particle size uniformity and 

processing efficiency. 

MC showed a decreasing trend as sawdust particle size decreased, although variations in 

mixing thoroughness during drying could also have influenced the results. In accordance with 

established practice, the sawdust used in this study was conditioned to a MC not exceeding 3 

%, a threshold also applied in comparable WPC systems (Kamdem et al. 2004, Paglicawan et 



 

 

al. 2022). The free-settled bulk density of falcata sawdust increased with mesh number, 

consistent with Zepeda-Cepeda et al. (2021) findings on particle density trends in sawdust. 

This relationship is expected because as mesh number increases, particle size decreases, 

allowing finer particles to pack more efficiently and achieve greater compaction even under 

free-settling conditions. 

 

Table 2: Sieved yield, moisture content and bulk density of falcata sawdust 

 
* Average of 4 sieving trials; 

() Italicized values in parentheses are standard deviations of the means for Moisture Content. 

 

 

Physical properties of WPC 

 

 

Microscopic observations of the WPC pellets and boards 

 

 

Microscopic imaging of LDPE pellets and WPC pellets containing falcata sawdust of varying 

particle sizes and loadings revealed distinct morphological differences (Figure 2a and Figure 

2b). LDPE pellets exhibited a greenish-gray color with microvoids (Figure 3 and Figure 4a) 



 

 

present on the cross-section of the pelletized strands, with diameters ranging from 522-634 µm 

and depths of about 687 µm (Figure 4a). These voids likely originated from entrapped air or 

incomplete polymer melt consolidation during extrusion. They might have also resulted from 

the immiscibility of LDPE and EVA blends, which promoted phase separation, as reported by 

Aumnate et al. (2010) and Faker et al. (2008). In contrast, WPC pellets exhibited progressively 

smoother surface textures with decreasing sawdust particle size (Figure 2a and Figure 2B). 

Finer particles (P60 mesh) appeared more uniformly dispersed within the matrix, minimizing 

surface irregularities compared with coarser fractions (P20R40 mesh). This observation aligns 

with reports that finer wood flour enhances matrix wetting and flow uniformity (Clemons 2010, 

Zimmermann et al. 2014). Although microvoids were still present in WPC pellets, their 

diameters and depths were smaller than those in control LDPE (Figure 3a, Figure 4a and Figure 

4b), likely because the filler particles interfered with void coalescence during cooling. High-

resolution imaging of LDPE and WPC boards (20× magnification) confirmed the particle size 

differences between mesh fractions (Figure 5a, Figure 5b, Figure 5c, Figure 5d, Figure 5e, 

Figure 5f). The P20R40 mesh at 30 wt.% loading contained the largest visible particles (Figure 

5a), whereas P60 mesh exhibited a finer, more homogeneous distribution (Figure 5c). 

However, at higher loadings (40 wt.%), P40R60 and P60 mesh samples displayed localized 

particle agglomerations, consistent with particle-particle interactions overcoming polymer 

wetting forces at elevated filler contents (Ashori et al. 2011, Zimmermann et al. 2014, Pożoga 

and Szczepanek 2021). Microscopic characterization of LDPE-falcata sawdust WPC pellets 

revealed important implications for downstream processing and application. The smoother 

surfaces and smaller voids observed in pellets with finer sawdust particles imply enhanced melt 

flow during injection and extrusion molding, which can reduce weld-line weaknesses and 

improve dimensional stability. This aligns with the finding that increased wood filler content 

when well-distributed enhances density, stiffness, and surface finish in recycled WPC 



 

 

formulations (Gomes et al. 2023, Samyn 2024). These microstructural improvements 

correspond with the mechanical performance observed in this study, demonstrating the 

potential suitability of LDPE–falcata WPCs for value-added applications in construction and 

consumer products. 

 

 

Figure 2: Microscopic images of LDPE and WPC pellets: (a) cross-sectional and (b) side-

sectional views. The WPC pellets exhibit progressively smoother surface textures as the 

sawdust particle size decreases. 

 



 

 

 

Figure 3: Cross-sectional microscopy of LDPE and WPC pellets showing the effect of 

sawdust mesh size on microvoid formation. The LDPE pellets contain three large microvoids 

(522-634 µm), while the P20R40-30:70 WPC pellets show medium-sized microvoids (215-

279 µm), and the P60-40:60 WPC pellets exhibit the smallest microvoids (69-72 µm). 

 



 

 

 

Figure 4: Microscopic analysis of microvoids in LDPE and WPC pellets: (a) a micrograph 

showing the measured depth of a microvoid in an LDPE pellet, recorded at 687,58 µm and 

(b) a micrograph showing a significantly smaller microvoid in a compounded WPC pellet, 

with a measured depth of 140,02 µm. The images illustrate how the addition of wood flour 

reduces the size of microvoids. 

 



 

 

 

Figure 5:  Images of WPC boards made from falcata sawdust and recycled low-density 

polyethylene (LDPE): (a-c) WPC boards with a 30:70 sawdust-to-LDPE ratio using particle 

mesh sizes of (a) P20R40, (b) P40R60, and (c) P60; (d) control board made from LDPE; (e-f) 

WPC boards with a higher 40:60 sawdust-to-LDPE ratio, using particle mesh sizes of (e) 

P40R60 and (f) P60. Boards with a higher sawdust percentage show evidence of particle 

agglomeration in certain areas. 

 

 



 

 

Moisture content and relative density 

 

 

The MC of the conditioned boards showed a statistically significant variation (p<0,0001) across 

the sample groups (Table 3). The LDPE control (0:100), exhibiting zero percent MC, 

significantly differed from all WPC combinations, which ranged from 0,80 % to 1,30 %. This 

result is attributed to the introduction of sawdust as a hydrophilic component into the otherwise 

hydrophobic LDPE matrix, making the composite slightly hygroscopic due to the inherent 

water-absorbing nature of wood particles (Clemons 2010). 

The results on the influence of the composition indicated that the quantity of wood sawdust is 

a more critical determinant of MC than the particle size. Increasing the sawdust content from 

30 wt.% to 40 wt.% significantly increased moisture absorption. Specifically, the P40R60 

sample showed a substantial increase in MC, from 0,72 % (at 30:70 ratio) to 1,30 % (at 40:60 

ratio), while the P60 samples increased from 0,80 % to 1,03 %, This observed trend is explained 

by the greater total mass of hygroscopic wood particles within the composite at higher loadings, 

which provides more available hydroxyl groups for hydrogen bonding with atmospheric 

moisture (Espert et al. 2004).   This finding is strongly consistent with literature demonstrating 

that increasing fiber loading significantly elevates the moisture content of WPCs similar to  

Rahman et al. (2013) who reported an increasing MC in flat-pressed WPC boards from 0,92 % 

(40 wt. % of sawdust) to 2,15 % (70 wt. % of sawdust). 

Conversely, within the studied sawdust particle size range, a decrease in particle size did not 

yield a statistically significant effect on the composite's ability to absorb moisture. For example, 

at the 30:70 ratio, no significant difference in average MC was found across varying particle 

sizes. This suggests that the total number of available hydroxyl groups, which are the primary 

sites for moisture absorption, is predominantly governed by the total wood mass rather than 



 

 

the particle size distribution (Chaharmahali et al. 2010, Flores-Hernandez et al. 2014). 

Therefore, in applications where moisture resistance is crucial, optimizing the wood-to-

polymer ratio is a more effective strategy than adjusting the sawdust particle size. 

The RD showed significant differences across all sample groups (p<0,0001). The LDPE control 

(0:100) exhibited an RD of 0,95, which was significantly lower than the WPC samples, which 

ranged from 1,02 to 1,09. This disparity was qualitatively confirmed by buoyancy testing. The 

recycled LDPE control floated in water (RD<1,0), whereas all WPC samples sank (RD>1,0).  

The shift toward a higher RD values in the WPCs is explained by the fundamental density of 

the wood material itself. While loose sawdust has low bulk density due to entrapped air, the 

wood’s true cell wall density is significantly higher ranging from 1,4 to 1,5 g.cm-3 (Kellogg 

and Wangaard 1969, Sun 2005). During the high-temperature and high-pressure processing of 

WPCs, the voids within the wood's cellular structure collapse as the polymer matrix melts and 

infiltrates the particles. This densification process causes the effective density contribution of 

the wood filler to shift towards its higher intrinsic material density (Clemons 2010), resulting 

in an overall density greater than 1,0.  The present study is consistent with Rahman et al (2013), 

who reported a density of  1,05 g⋅cm-3 for the 40:60 ratio of sawdust and recycled PET 

The results further indicate that both the amount of filler loading and particle size of sawdust 

significantly influenced the final RD. Among the WPC samples, the highest RD was observed 

in P60 (at 40:60 ratio), while the lowest was in P20R40 (at 30:70 ratio). The particle size effect 

is linked to the packing efficiency and void reduction. Finer particles (P60) allow for denser 

packing and better interfacial wetting resulting in a lower void content compared with the 

P20R40 particles. However, the processing method also plays a vital role. Extruded WPCs 

using a high-shear method have been reported to reach significantly higher densities of 1,21 to 

1,23 g⋅cm-3 (Chaudemanche et al. 2018). Furthermore, the moisture content of the wood fibers 

during compounding contributed to void formation (Bledzki and Gassan 1999). It is plausible 



 

 

that the smaller particles in P60, dried more thoroughly and packed more efficiently, resulting 

in less steam generation and subsequent void formation, and consequently, a denser final 

composite. This understanding is crucial for optimizing falcata sawdust-based WPC 

formulations to meet specific density requirements for various industrial applications. 

 

 

Water absorption and thickness swelling 

 

 

The results for WA and TS demonstrate a clear trend where WPC samples absorbed 

significantly more water than the LDPE control. The ANOVA showed a statistically significant 

difference in mean WA for both the 2-h (p<0,0001) and 24-h (p=0,007) periods, with a similar 

trend observed for TS at both time points (p<0,0001 and p=0,0003, respectively). This 

behavior is primarily attributed to the hydrophilic nature of the sawdust filler. The presence of  

abundant hydroxyl groups in the wood particles facilitates moisture uptake through the 

formation of hydrogen bonds with water molecules, thereby increasing the overall 

hygroscopicity of the composite (Bledzki and Gassan 1999, Flores-Hernandez  et al. 2014, 

Radoor et al. 2021, Antwi-Boasiako et al.  2022). 

In contrast, the LDPE matrix is inherently hydrophobic and typically exhibits minimal water 

absorption (Kormin et al. 2019). The observed water absorption in the control LDPE is likely 

a result of two factors: physical entrapment of water within microvoids and a minor degree of 

chemical interaction due to the polar ethylene vinyl acetate (EVA) component within the 

recycled LDPE (Aumnate et al. 2010, Pham 2021). The presence of these polar groups causes 

the recycled LDPE to behave differently from a pure LDPE polymer, which partially  accounts 



 

 

for the observed moisture uptake. These factors, supported by the microscopic evidence in 

Figure 3 and Figure 4, clarify the reasons for the specific water absorption behavior in the 

LDPE control (0:100). 

Within the WPC samples, WA and TS varied significantly depending on the sawdust particle 

size and ratio. For both the 2-h and 24-h periods, the highest WA and TS were consistently 

observed in the 30:70 WPC with a P20R40 particle size distribution. Conversely, as the 

sawdust particle size decreased, a significant reduction in both WA and TS was observed. For 

instance, the 30:70 WPC with the P60 particle size showed the lowest WA and TS among all 

WPC samples for the 24-h period.  

 These finding are directly explained by the size of the wood particles and their impact on 

composite morphology. Microscopic analysis (Figure 3) revealed that WPCs made with larger 

particles (P20R40) contained significantly larger and more numerous microvoids compared 

with WPCs with smaller particles. These larger particles are more difficult to fully encapsulate 

within the molten polymer during compounding, leading to poor filler-matrix adhesion and the 

formation of voids at the interface. These voids act as physical pathways for water to penetrate 

and accumulate within the composite structure (Clemons 2002, Wang and Morell 2004, Izekor 

et al. 2013). 

Microscopic examination of these samples confirmed a more uniform dispersion of the smaller 

particles within the LDPE matrix and a notable reduction in microvoid size and quantity. This 

improved encapsulation effectively seals the hydrophilic surfaces and creates a less continuous 

pathway for moisture penetration, thus enhancing the composite's water resistance (Wang and 

Morrell 2004, Xu et al. 2021). The better dimensional stability (lower TS) of these samples is 

due to reduced water absorption. 

The trends observed for both WA and TS are fundamentally linked, as the physical swelling of 

the composite is a direct result of water absorption by the wood filler. These findings are 



 

 

consistent with extensive research, which has shown that finer wood particles lead to better 

water resistance and dimensional stability in WPCs due to improved filler dispersion and 

reduced void content (Takatani et al. 2000, Wang and Morrell 2004, Izekor et al. 2013, 

Gozdecki and Wilczyński 2015, Xu et al. 2021). 

 

Table 3: Summary of the effect of treatment on the physical properties of falcata WPC 

 
± SE is standard error 

For each property, means with same letter are not significantly different at =0,05 using DMRT 

 

Table 4: Summary of the effect of treatment on the mechanical properties of falcata WPC 

 
± SE is standard error 

For each property, means with same letter are not significantly different at =0,05 using DMRT. 

 

 

Mechanical properties of WPC 



 

 

 

 

The mechanical properties of the WPCs were evaluated through tensile, flexural, and Izod 

impact tests. Statistical analysis using ANOVA confirmed significant differences in all 

measured properties (all p<0,0001) across the various sample formulations. 

 

 

Tensile properties 

 

 

The LDPE control (0:100) exhibited a tensile strength (Tσ) of 7,32 MPa and a tensile modulus 

(TE) of 0,49 GPa (Table 4). The inclusion of sawdust significantly enhanced both properties, 

with the maximum Tσ reaching 10,45 MPa for P60 (30:70 ratio), representing a 43 % increase 

over the LDPE control. Regarding the stiffness and ductility, the TE was primarily governed by 

filler concentration, with the higher 40:60 ratio composites exhibiting TE values up to 0.98 

GPA, which is a 100% increase over the control. Conversely, the tensile strain (Tϵ) was 

inversely proportional to sawdust content, with the lowest Tϵ (1,45 %) found in the 40:60 ratio, 

a value considerably lower than the LDPE control (2,50%).  

 The maximum value of Tσ is quantitatively consistent with the typical range for non-

compatibilized LDPE/wood flour composites, which often fall between 6 MPa and 12 MPa for 

similar filler loadings. For comparison, Gulitah and Liew (2018) reported a Tσ of 5,55 MPa for 

a 30 % wood fiber/LDPE composite, while Wolcott and Englund (1999) disclosed 11,2 MPa. 

Studies using much lower fiber proportions, such as 15 wt.%, have reported even higher 

strengths, reaching 12,64 MPa (Gomes et al. 2023).  



 

 

These results confirm the effective reinforcing role of the sawdust relative to the specific LDPE 

grade used. The finding that finer sawdust particles (P60) yield higher Tσ is substantiated by 

the principle that smaller particles facilitate better dispersion, creating a larger effective surface 

area for optimized stress transfer at the polymer-fiber interface (Stark and Rowlands 2003).  

While the TE increased significantly, the gain remains at the lower end of the WPC spectrum. 

This comparatively lower TE suggests that the lack of a coupling agent results in an inefficient 

load transfer across the interface, thereby limiting the ultimate stiffening effect provided by the 

wood fibers. For instance, chemically coupled WPCs are known to improve modulus by up to 

30 % more than the uncoupled systems (Yuan et al. 2008). Furthermore, the reduction in Tϵ is 

attributed to the rigid wood particles acting as stress concentrators that disrupt the matrix 

continuity, which inhibits the plastic deformation of the polymer (Stark and Rowlands 2003, 

Rahman et al. 2018). 

 

 

Flexural properties 

 

 

The flexural strength (Fσ) and flexural modulus (FE) of the WPCs demonstrated a more 

pronounced reinforcement than the tensile properties. Specifically, the WPCs showed a 23 % 

to 43 % increase in Fσ and a 93 % to 178 % increase in FE over the LDPE control (16,97 MPa 

and 0,59 GPa, respectively). The maximum values obtained were Fσ = 24,27 MPa and FE=1,64 

GPa. To contextualize these findings and evaluate their performance against broader industry 

benchmarks, Table 5 presents a comparison of the current results against WPCs utilizing other 

common thermoplastics matrices, such as HDPE and PP.  



 

 

Comparative    analysis of Table 5 reveals that the Fσ of the LDPE-falcata WPCs (up to 24,27 

MPa) falls within the typical range reported for many HDPE-based composites (≈ 21–31 MPa), 

aligning well with results for recycled HDPE and HDPE-WF800 (Chaharmahali et al. 2010, 

Chaudemanche et al. 2018). However, the FE (maximum 1,64 GPa) is noticeably below the 

typical 2,5–3,8 GPa range observed for HDPE and PP WPCs. For example, PP-based WPCs 

typically exhibit 28 % to 76 % higher flexural stiffness than the material produced in this study 

(Stark and Rowlands 2003). 

The overall lower stiffness profile compared with HDPE and PP systems is primarily attributed 

to the inherent material characteristics of the polymer matrix. LDPE possesses a lower degree 

of crystallinity and a lower intrinsic elastic modulus compared to its high-density or 

polypropylene counterparts (Posch 2011). While the inclusion of falcata sawdust provides 

significant reinforcement to the base LDPE, the ultimate stiffness is capped by the flexibility 

of the recycled matrix itself. Furthermore, variations in particle morphology and the lack of 

compatibilizers in this specific system may account for the differences in performance relative 

to the chemically-coupled systems cited in Table 5. Given these properties, the LDPE-falcata 

WPCs are ideally suited for non-load-bearing applications, such as internal furniture 

components (e.g., drawer parts, cabinet sidings) or non-structural wall cladding, where 

moderate strength and high ductility are advantageous.  

 

Table 5:  Comparison of the flexural properties of LDPE-falcata WPC against other matrices 

of WPCs that used sawdust (SD) or other lignocellulosic fibers. 



 

 

 

Ratio is in the order of sawdust (SD), thermoplastic matrix (TP), and other additives (OA) such as 

compatibilizer, minerals and pigments. Under Remarks, RPB stands for Recycled Particleboard, and RMDF for 

Recycled Medium Density Fiberboard. The values cited from Najafi et al. 2006 and Chaharmahali et al. 2010 

were approximated from the bar scales of the graphical results. 

 

 

Izod impact strength 

 

 

The Izod impact strength (Iz) measurements demonstrated the most significant compromise in 

mechanical properties upon forming the WPCs. The control LDPE showed a high Iz of 168,09 

J⋅m-1, a value characteristic of a ductile polymer. This was drastically reduced across all falcata 

WPC samples, with the highest Iz recorded at 81,32 J⋅m−1 for the P20R40 (30:70) formulation, 

representing an approximately 52 % drop compared to the control. Regarding the effects of 

composition and size, increasing the sawdust content from 30 wt.% to 40 wt.% further 

decreased Iz by 32 % to 46 %. Additionally, a marginal trend was observed where larger 



 

 

particle sizes (P20R40 at 81,32 J·m⁻¹) slightly enhanced Iz compared with smaller particles 

(P60 at 43,54 J·m⁻¹). 

As shown in Table 6, the values obtained in this study (ranging from 43,54 to 81,32 J·m⁻¹) fall 

within the moderate-to-high end of the typical range reported for uncompatibilized commodity 

polymer WPCs. For instance, our optimal result is closely comparable to the 79 J·m⁻¹ reported 

by Stark and Rowlands (2003) for a wood flour-PP WPC at a 40:60 ratio. While Table 6 

highlights a broad range of values in the literature—from the very low results of Najafi et al. 

(2006) to the high values of Chaharmahali et al. (2010)—the performance of the developed 

LDPE-falcata system remains robust relative to other uncompatibilized wood/polymer 

matrices. 

This reduction in impact resistance and the observed performance levels relative to other 

studies are primarily attributed to failure mechanisms and matrix characteristics. The rigid, 

discontinuous falcata wood particles act as stress concentrators for crack initiation, while the 

poor interfacial adhesion between the hydrophilic wood and the hydrophobic LDPE matrix 

suppresses effective energy dissipation mechanisms like matrix shear yielding and crack 

blunting (de Prá Andrade and Poletto 2021). The inefficient energy transfer from the matrix to 

the wood leads to premature brittle failure at the weak interface. The fact that our values are on 

the higher end of the uncompatibilized spectrum, despite the lack of coupling agents, is likely 

due to the inherent ductility of the recycled LDPE matrix compared to stiffer polymers like PP 

or HDPE. Furthermore, the differences observed in Table 6 underscore how variations in 

polymer type, filler morphology, and adherence to testing standards (ASTM D256-10e1 2018) 

heavily influence energy absorption. 

These trends are highly consistent with composite theory and earlier findings by Chaharmahali 

et al. (2010). The impact energy absorption scales inversely with filler volume fraction because 

the continuous, ductile polymer matrix—the primary energy-absorbing component—is 



 

 

progressively diluted while the concentration of crack initiation sites simultaneously rises 

(Stark and Rowlands 2003, Ramesh et al. 2022). The particle size effect is likely related to the 

crack propagation mechanism. A larger particle requires a greater energy input to either debond 

or fracture internally (Ashori et al. 2011), thus temporarily dissipating more energy. In contrast, 

a crack can more easily bypass a large number of smaller particles by propagating through the 

weak interfacial region (Stark and Rowlands 2003, Ramesh et al. 2022). Future research should 

prioritize the use of compatibilizing agents to improve interfacial strength, which remains the 

most critical factor for mitigating the inherent reduction in Iz. 

 

Table 6: Comparison of the impact strength of LDPE-falcata WPC against other matrices of 

WPCs that used sawdust (SD) or other lignocellulosic fibers. 

 

Ratio is in the order of sawdust (SD), thermoplastic matrix (TP), and other additives (OA) such as 

compatibilizer, minerals and pigments. Under Remarks, RPB stands for Recycled Particleboard, and RMDF for 

Recycled Medium Density Fiberboard. The values cited from Najafi et al. 2006 and Chaharmahali et al. 2010 

were approximated from the bar scales of the graphical results. 

 

 

Conclusions 



 

 

 

 

This investigation confirms the technical viability of utilizing falcata sawdust and recycled 

LDPE as sustainable raw materials for WPCs in the Philippines. The resulting composites 

demonstrate comparable dimensional stability and significantly higher mechanical stiffness 

compared to the neat polymer matrix, addressing a critical requirement for functional furniture 

and construction components. 

The study reveals that the mechanical performance of these composites is fundamentally 

governed by the interplay between particle size and filler loading. Finer sawdust particles  (P60) 

at a 30 % loading ratio represent the optimal configuration for maximizing tensile and flexural 

strength and stiffness.  This is attributed to the increased effective surface area of smaller 

particles, which promotes more uniform dispersion and facilitates better stress transfer across 

the polymer-fiber interface. 

However, the results underscore a significant performance trade-off regarding energy 

absorption. While the finer particles favor stiffness, they simultaneously increase the 

concentration of stress-initiation sites, leading to a marked reduction in impact resistance. 

Conversely, the P20R40 formulation at a 30 % ratio was identified as superior for impact 

toughness. This suggests that larger particle distributions may be more effective at dissipating 

energy through crack-blunting mechanisms or internal fiber fracture, making them more 

suitable for applications where toughness and a "wood-like" aesthetic are prioritized over 

absolute stiffness. 

The findings demonstrate that the properties of falcata-LDPE WPCs can be tailored based on 

particle size selection to meet specific industrial requirements. To move from this preliminary 

investigation toward full-scale industrial adoption, future research should focus on the 

integration of chemical compatibilizers. Such additives are essential to bridge the interfacial 



 

 

gap between the hydrophilic wood filler and the hydrophobic matrix, potentially mitigating the 

current trade-off between stiffness and impact resistance and further elevating the material’s 

structural performance. 
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