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Abstract. Wood polymer composites (WPC) fabrication using stereolithography has received little attention.
WPC research has been mostly directed to traditional manufacturing methods and fused deposition modeling.
Stereolithography offers better print precision, structural accuracy, and ease of production than other 3D printing
methods and directly creates the final wood polymer composite. Typically, WPCs fabricated using traditional
methods used 40-60% wood in the mixture; however, the highest ratio used with stereolithography has been
10%. Increased wood content reduces costs and creates a product that more closely resembles the mechanical
properties of wood. This study focused on increasing the wood flour ratio of WPC printed using stereolithography
beyond 10% while studying the factors influencing printability and the mechanical properties of the printed
materials. A blend of maple and oak wood flour was combined with methacrylate-based resin at wood levels of
2.5,5,7.5,10, 12.5, 15, and 17.5 wt. % to fabricate the wood polymer composite. The highest ratio of wood
flour successfully printed in this study was 17.5 wt.%. This paper discusses the tensile and compressive behaviors
of the WPC, as well as the dimensional accuracy of the stereolithography process for higher wood ratio WPC
fabrication. The process of fabrication, post processing, success and failure in printing, and characterization of
print defects were also studied. Stereolithography can be used to manufacture wood polymer composites in a
direct production method at higher wood flour ratios, and improving the capability of the method holds the
potential to increase access to a sustainable substitute for conventional wood for various uses.
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Introduction

The growing need for sustainable composite materials has
spurred interest in pairing wood and other natural fibers with
polymers. Wood, renowned for its specific strength, stiffness,
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biodegradability, and non-abrasive nature, is particularly ap-
pealing as a reinforcing material (Bledzki et al. 2005; Nachtigall
et al. 2007). The use of natural fibers in this capacity has wit-
nessed substantial growth in recent years, due to advantages
such as lower production cost, density, ease of preparation,
and reduced energy requirements for processing (Baley 2002;
Bledzki 1999; Oksman et al. 2003; van Voorn et al. 2001).
Wood polymer composite or wood plastic composite (WPC)
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are materials generated from the amalgamation of wood-derived
elements like sawdust or lumber fibers with polymers to pro-
duce a composite material (Gardner et al. 2015; Schwarzkopf
and Burnard 2016). These composites exhibit improved me-
chanical properties, moisture resistance, biological resistance
and high molding performance (Huang et al. 2021). Given the
different anatomical structures of various wood species, and
the chemical structure of polymers, a blend of both produces
distinct physical, thermal, and mechanical properties, paving
the way for a new generation of hybrid materials (Youngquist
etal. 1994). Wood fibers contribute to the composite’s overall
strength and stiffness, while the polymer matrix binds it together
and provides flexibility (Faruk et al. 2012; Peltola et al. 2014).
Strength and stiffness are essential properties in architec-
tural applications, ensuring structural integrity and durability.
Conversely, materials with high compliance provide flexibility
and adaptability, making them ideal for applications requir-
ing resilience and the ability to deform under stress without
sustaining permanent damage. Composites that balance these
attributes have significant potential in various applications,
including flooring and other architectural elements. Custom
furniture, decorative paneling, fences, and decking. In the
automotive industry, Stereolithography -printed WPCs can be
used for interior components such as dashboard panels, trim,
and other decorative elements(Krapez Tomec and Kariz 2022).
Other areas of use can be found in art installations, prototyp-
ing, and consumer goods manufacturing(Khan et al. 2020).

Stereolithography (SLA) outperforms other 3D printing meth-
ods for WPCs when considering ease of production, print
precision and build resolution (Wang et al. 2017). The print
precision of SLA improves structural accuracy, making it a
viable development technique for WPC (Chan et al. 2018).
SLA is a vat-polymerization technique that utilizes UV light
in a layer-by-layer photopolymerization process to selectively
cure liquid resin, transforming it into a solid three-dimensional
structure (Bartolo 2011; Schmidleithner and Kalaskar 2018),
which is illustrated in Figure 1. Objects created through this
approach have gained widespread popularity and are used
across various industries including automotive, architecture,
and medicine (Dizon et al. 2021; Schmidleithner and Kalaskar
2018). Thermoset polymers like epoxy, polyvinyl ester, poly-
ester, polyurethanes, and phenolics are employed in SLA, and
have been used for fabricating polymer composites. Epoxy
resin is commonly favored for composite development due to
numerous advantages including high interfacial adhesion with
fillers, low viscosity, enhanced wettability, thermal stability,
superior mechanical performance, minimal shrinkage after

curing, and improved chemical resistance (Khan et al. 2020;
Shi et al. 2017).

A variety of wood-based materials such as lignin, sawdust,
and wood powder can be utilized in SLA-based 3D printing
to create wood polymer composites with enhanced mechanical
and physical properties. SLA allows particle reinforcements
to be easily added (Yao and Hakkarainen 2023). In one study,
Zhang et al. (2019) used a softwood kraft lignin as a filler in
SLA 3D printing to reinforce the mechanical properties of
printed products. Tensile testing revealed that adding lignin to
the composite increased the tensile strength by 46—64% and the
Young’s modulus by 13—37% compared to the control sample
(without lignin). Incorporating 0.4 wt. % softwood kraft lignin
resulted in the printed composite achieving its highest tensile
strength of 49.0 MPa, which represented a 60% increase in
comparison to the control. Sutton et al. (2018) produced resins
containing up to 15% lignin that displayed outstanding printing
quality, strong layer fusion, high surface definition, and visual
clarity. They reported that the ductility of printed parts rose
with increased lignin concentration. Vidakis et al. (2022) also
reinforced a medical-grade UV-cured resin (BioMed Clear)
used in SLA 3D printing with cellulose nanofiber nanocom-
posites at concentrations ranging from 0.5 wt.% to 2.0 wt.%.
They found improved mechanical properties, even at fractions
as low as 0.5 wt.%. Tensile strength rose from 24.89 MPa (pure
resin) to 50.25 MPa (Biomed Clear / cellulose nanofiber blend
(CNF) 1.0 wt.%). Even greater improvements were observed
for the flexural properties where the flexural strength increased
by over 300% for the Biomed Clear CNF 0.5 wt.% (Vidakis et
al. 2022). The incorporation of wood-derived reinforcements
like wood flour/particles, lignin, and cellulose nanofibers into
SLA resins can enhance tensile strength, modulus, and impart
unique wood-like characteristics to the printed composites.
Specific property values depend on the resin formulation and
wood reinforcement type/loading, but the results show the
potential for integrating wood flour into resins for fabricating
wood polymer composites.

WPC properties vary depending on the type of wood, polymer,
processing methods, and additives (Anish et al. 2023). Other
notable factors influencing WPC properties are the shape, size
and proportion of wood particles. The proportions of wood
flour mixed with polymer have a considerable impact on both
the processing and end-use properties. For instance, Huang et
al. (2021) discovered that the tensile strength of 3D printed
WPCs using fused deposition modeling (FDM) increased by
27% with the addition of wood components ranging from
19 wt.% to 29 wt.%. Kariz et al. (2018) found that up to
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Figure 1. A schematic diagram of the process of stereolithography.

10% of wood particles slightly reinforced a WPC filament
used in FDM 3D printing, but higher wood levels decreased
tensile strength. Chaudemanche et al. (2018) observed that
both bending strength and modulus rose with increased wood
powder particle concentration. Higher wood ratios have other
benefits brought about using less polymer (Sommerhuber et
al. 2017). More wood enhances the physical appearance of
the composite, making it resemble actual wood, and increas-
ing its wood-like characteristics, while lowering production
cost, since it is cheaper to use more wood and less resin (Fu
et al. 2022; Pringle et al. 2017). Higher wood concentrations
enhance hardness, while increased plastic matrix augments
the toughness of the composite material (Jian et al. 2022). To
maximize these benefits, it is preferable to have a high wood
flour content, typically 50 wt.% or higher in traditional meth-
ods. Commercial WPC products typically utilize wood flour
contents of up to 70% (Matuana and Stark 2015). However,
increased filler amounts significantly raise the viscosity of
the polymer melt, making flow and forming processes more
challenging (Mazzanti and Mollica 2020). Wood species used
for reinforcement are based on availability and ease of access
rather than on characteristics (Tanaka and Ito 2013). Hemp,
ramie, and kenaf are utilized as fillers in Southeast Asia due
to their abundance. Conversely softwoods such as white pine,
spruce, and hemlock, as well as hardwoods like aspen, oak,

and maple are the primary species employed in the US as
fillers (Clemons 2008; Clemons and Caulfield 2005; Pokhrel
et al. 2021). Berger and Stark (1997) revealed that hardwood
species offer enhanced tensile properties and superior heat
deflection in comparison to softwoods.

Limited research has been done on the behavior of WPCs fab-
ricated using SLA at high wood flour ratios (e.g., 10 wt.% or
higher). Zhang et al. (2021) successfully used SLA to fabricate
WPCs at ratios ranging from 1 to 10 wt.%. Their addition of
1% poplar wood flour to methacrylate resin greatly improved
the tensile strength and Young’s modulus of the printed WPCs.
The purpose of this current study was to fabricate WPCs using
SLA at ratios higher than 10 wt.% using a 1:1 oak/maple wood
flour blend. Oak and maple were chosen due to their high cel-
lulose content which improves structural properties of wood.
Increased wood flour content will enhance the suitability of
SLA for fabricating WPCs for commercial purposes.

Materials and methods

Wood flour (Fasco Epoxies, Fort Pierce, FL, USA), was a
blend of two hardwoods, Maple, and Oak. The particle size
of the wood flour was 80 mesh (177 um). The wood flour was
dried at 103°C for 24 hours, resulting in a measured moisture
content of 3%, as determined by a Reed dual moisture meter.
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The thermoset resin used in this study was RS-F2-DUCL-02
(Formlabs Inc., Sommerville, MA USA) with a density of 1.06
g/cm?, The resin formulation contained methacrylic acid esters,
photo-initiators, proprietary pigment, and additive packages,
with viscosities 0f 2051 and 981 cp at 25 and 35°C, respectively.

The 3D printer used was a Formlabs Form 3 printer (Formlabs
Inc., Sommerville, MA USA) with a preset UV light wave-
length of 405 nm. Isopropyl alcohol, utilized for washing
purposes, was procured from USA Lab, (Livonia, M1, USA).
Additionally, a UV curing chamber and wash basin were ob-
tained from Formlabs Inc.

STL files containing models of ASTM D695 and ASTM D638
Type V were generated using AutoCAD Fusion 360 and sliced
using Formlabs Preform slicing software before being uploaded
to the 3D printer. The layer height of each print was set at 0.1
mm, and a default build orientation of 0 degrees was chosen.
The wood flour and resin were manually mixed at room tem-
perature (25°C) until a consistent blend was obtained. This
method was used to prevent phase separation while being held
in any containers. The resin was not diluted because its viscos-
ity was considered an integral factor in procuring increased
wood flour ratios. Hand stirring was found to be the best form
of blending due to the increased viscosity of the resin. Resin
(300 g) was measured for the printing process; the wood flour
was divided into 2.5 wt.% increments were added to the resin
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to levels of 5, 7.5, 10, 12.5, 15 and 17.5 wt.%. The control
samples with dimensions can be seen in Figure 2.

The wood-polymer blend was added to the resin tank and
printing commenced at 35°C. Samples were fabricated based
on ASTM standards D638 Type V (tensile coupon) and D695
(compression coupons). Fabrication of ten samples was at-
tempted at each ratio for both ASTM standards. After printing,
the successful samples were moved to an isopropyl alcohol
wash station for 20 minutes to remove excess resin. The
samples were then cured in a UV chamber for 60 minutes at
60°C. The dimensions of all samples were measured using
an Insize 1114-150A digital caliper to determine accuracy. A
summary of the printed samples is in Table 1. Samples were
given specimen IDs for easy identification. Scanning electron
microscopic imaging was performed using a Zeiss Evo LS
Environmental SEM to observe the surface and microstructure
of the WPCs. The dimensional accuracy of the samples was
determined using a vernier caliper, as part of the study on
printability, while failure modes observed during the printing
process were also identified and recorded.

Mechanical testing

Tensile testing was conducted at room temperature (25°C) using
an Instron 5969 universal testing machine (Instron, Norwood,
MA, USA) following the guidelines outlined in ASTM D
638: Standard Test Method for Tensile Properties of Plastics.

(b)

Figure 2. Examples of test specimens used for (a) WPC1 ASTM D638 and (b)WPC1 ASTM D695. Measurements in mm.
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Table 1. Effect of wood flour content on ability to produce acceptable specimens for ASTM Standards D638 and D695.

wt.% Wood Content Specimen ID wt.% Wood Content (measured) Ave.

(nominal) +S.D

Number of Successful
D638 Specimens

Number of Successful D695

Specimens

0.0 WPC1 0.00

2.5 WPC2 2.65+0.11

5.0 WPC3 530+0.21

7.5 WPC4 7.95+0.32

10.0 WPC5 10.60 + 0.42
12.5 WPC6 13.25+£0.53
15.0 WPC7 15.90 £ 0.64
17.5 WPC8 18.55+0.74

10
10
10
10
10

10
10

A~ © ®»® © w0

Compression testing followed the guidelines outlined in ASTM
D 695: Standard Test Method for Compressive Properties of
Rigid Plastics The load cell had a capacity of 50 KN, and the
crosshead speed was 1 mm/min for tensile testing and 2.5 mm/
min for compression testing. Seven samples were used for
tensile testing, while five samples were used for compression
testing (except WPC8 with only four specimens). The reduced
replication reflected printing failures that precluded testing.

Results and discussion

The ASTM D638 and D695 coupons were successfully fab-
ricated at increased wood floor content higher than 10 wt.
% when blended with epoxy resin, with both sample types
peaking at 17.5 wt.% of wood flour. Samples did not fully
form the intended model and did not print when 20 or 22.5%
wood flour was added, at all respectively. This was attributed
to decreased melt flow and increased viscosity of the resin
mixture upon high wood flour addition. A reduction in UV light
penetration was observed, and without the curing, laser print
failure was inevitable. The wood flour darkened the printed
polymer composite samples, and an increasing darkness was
observed as the wood ratio increased (Figure 3). The texture
of the composites was grainier at higher wood content above
12wt.%, particularly with the cylindrical shaped samples.
This was attributed to the uneven shape of the wood particles
and the continuous redistribution of wood flour during the
printing process due to the movement of the build plate. Both
sample types showed a distinct color change due to increased
wood flour content. Figure 4 shows the SEM of wood flour
particles suspended within the matrix of a WPCS8 sample.
Uniform distribution and alignment of wood fibers within the
polymer matrix are critical for maximizing tensile strength.
This uniform distribution was not guaranteed in this process
due to the movement of the build plate.

0%

2.5%

5%

7.5%

10%

12.5%

15%

17.5%

Figure 3. Color gradient changes observed in tensile coupons with increased

wood flour content (wt. %).
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Figure 4. SEM images of cross sections of tensile coupons with (a) no wood and (b) 17.5 wt.% wood showing wood flour dispersion. The white circles in image

(b) are suspended wood flour.

Printability

Printability is an important consideration in various printing
processes, including offset and digital printing. In 3D printing,
printability pertains to the final appearance and structural ac-
curacy of the printed materials. Good printability characteristics
yield high-quality, dimensionally accurate, and visually appeal-
ing results. Considerations given to printability in this paper
are important because wood polymer fabrication using SLA is
less common and requires more process clarity. Printability will
be discussed in terms of the success and failure of the samples
and dimensional accuracy. A successful sample was categorized
as one that was fully printed with accurate dimensions within
allowed tolerances (measured using a vernier caliper), had
little to no surface roughness and high print resolution. Failed
samples were classed as samples fabricated with deformities,
inaccurate dimensions, and incomplete curing (undeveloped
features). As shown in Table 1, ASTM D638 coupons with 2.5
to 15 wt.% of wood flour ratio were 100% successful, while
the samples with 17.5wt.% had a 70% success rate (7 of 10).
The ASTM D695 coupons showed more variance in success.
The 2.5 wt.% ratio was 100% successful, 10 and 15 wt.% ratios
were 90% (9 of 10) successful, and 5, 7.5 and 12.5 wt.% were
80% successful (8 of 10), while 17.5 wt.% showed the lowest
success rate at 40% (4 of 10). Major printing factors that affect
print success in stereolithography are intensity of laser power,
layer height, print speed, curing time and printing resolution
(Wang et al. 2017; Mohammadizadeh and Fidan 2021)

Dimensional accuracy

Dimensions for the cylindrical (ASTM D695) and dog-bone
(ASYM D638) test specimens were measured to study fabrica-

tion accuracy. All measurements were performed thrice using a
digital caliper. For the cylindrical coupon, diameter and length
were measured, while for the dog-bone coupon, width and
thickness of the gauge section were measured. The graphs in
Figure 5 show the dimensions of length and diameter of the
compression coupon, as compared to the no wood control.
Figure 6 shows the thickness and width measurements of the
tensile coupon as compared to the control. The dimensional
deviations observed in the compression samples were 0.076
mm for width and 0.154 mm for thickness. For the tensile
coupons, the deviations were 0.421 mm for length and 0.145
mm for diameter. Insufficient compatibility between the poly-
mer and wood fibers can result in weak interfaces, leading to
uneven shrinkage during cooling. In addition, some polymers
used in WPCs exhibit significant shrinkage during solidifica-
tion, exacerbating dimensional inaccuracies. Further study
of the polymer feedstock could improve our understanding
of this phenomenon. Polymerization shrinkage affects the
final dimensions of composites when monomers pack closer
together during the polymerization process (Schricker 2017).

Printing failure modes

The failure modes observed during printing were categorized
and documented for similarities; this was used to identify
several types of defects present in wood polymer composite
fabrication using stereolithography. Those listed here do not
represent an exhaustive list but are the defects observed dur-
ing this experiment.

® Non-Adherence is when the part partially or fully detached
from the build plate before print completion.
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Figure 5. Effect of increased wood flour addition on (a) ASTM D695 cylinder length and (b) ASTM D695 cylinder diameter. Error bars represent one standard deviation.
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Figure 7. Examples of defects observed in the fabrication of 3D printed WPC samples. (a) Raft silhouettes observed in ASTM D695 that occur when the first
printed layer sticks to the build plate but preceding layers do not adhere (b) Cuts observed in 17.5 wt.% woodflour ASTM D695 coupons (c¢) Surface roughness
observed in 17.5 wt.% wood flour sample (d) Incomplete curing at the edge of a 17.5 wt.% wood flour ASTM D638, (e) Pinholes and cuts observed in 10.0 wt.%.
and 12.5 wt.%. wood flour ASTM D695 coupons.

Raft Silhouetting occurred when the first layer of the print
stuck to the build plate, but the preceding layers did not
adhere, resulting in a failed print for that sample. This can
also occur when the first layer sticks to the base of resin
tank, as in bottom-up 3D printers and the preceding layers
do not adhere (Figure 7a). This was observed at higher
wood flour ratios. This can be attributed to wood flour
clouding the resin tank and restricting UV light penetration
(Formlabs Inc 2023).

Incomplete Curing and Dimensional Inaccuracy occurred
when inadequate polymer curing resulted in a distortion
in the sample shape resulting in undeveloped features and
an incomplete print. This was due to potential variations
in layer thickness and curing behavior (Figure 7d).

Pinholes and Cuts occurred when a void formed around
the print and can take the form of a hole, ridge or slit that
extends from one side of the part to another (Formlabs Inc
2023). (Figure 7b and 7e).

®  Poor Surface Quality and Warping: SLA-printed surfaces
can exhibit roughness and layering artifacts, (Figure 7e).
Samples fabricated with these defects may need post-
processing to achieve a smooth finish in wood polymer
composites (Figure 7c¢).

® Delamination: Layer-by-layer deposition in SLA can result
in poor adhesion between the printed layers of wood-
polymer composite, leading to delamination issues. This is
related to increased viscosity of the resin and layer thickness
(Formlabs Inc 2023).

The data showed that as the wood flour content increased the

success of sample fabrication decreased for both sample types.

This directly impacts printability and could be attributed to a

few factors that will now be discussed.

Tensile performance

Tensile strength for each sample was identified by locating the
peak stress value on the stress-strain graph. Young’s modulus
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was calculated by analyzing the linear segment within the des-
ignated strain interval on the same curve in the range of 0-0.2.
The tensile stress and the Young’s modulus for each composite
were obtained from the average of five samples (Figures 8 and
9). Tensile strength of WPC1 (the control) was 22.1 MPa, and
increased by 2 % to 23.1 MPa with the addition of 2.5 wt.%
of wood flour, while Young’s modulus decreased from 860.1
MPa to 842 MPa with the same level of wood flour addition.
Tensile strength increased 8% with the addition of another
2.5 wt. % of wood flour in WPC3 coupled with an increase in
Young’s modulus to 895 MPa.

Further additions of wood flour resulted in decreasing tensile
strength, WPC4 and WPC5 showed similar tensile strengths
of 21.1 and 21.2 MPa respectively. WPC6 (12.5 wt.%) showed
a further reduction in tensile strength to 20.2 MPa, while
Young’s modulus decreased to 663.3 MPa. However, 15 wt.%
wood flour (WPC7) was associated with another increase in
Young’s modulus, rising to 730 MPa, albeit with a decline in
tensile strength to 19.7 MPa. The final successful wood flour
ratio of 17.5 wt.% experienced further reduction in tensile
strength to 17.2 MPa and a Young’s modulus of 501.4 MPa.
The tensile performance confirmed results found by Zhang et
al. (2021) and Feng et al. (2018) that low levels of wood flour

30

25

can reinforce SLA fabricated polymer composites (Zhang et
al. 2021). The result also shows that continuous increase in
wood flour content will reduce tensile strength and Young’s
modulus of wood polymer composites. The moderate rise in
tensile strength and Young’s modulus at low levels of wood
flour addition suggests that the composites have high stiffness
and are resistant to (elastic) deformation when subjected to
load. The tensile performance of SLA-printed WPCs was
comparable to those manufactured through traditional methods,
such as extrusion or compression molding (Nukala et al. 2022).
Uniform distribution and alignment of wood fibers within the
polymer matrix are critical for maximizing tensile strength.
Ensuring fibers are well-aligned along the load direction can
significantly enhance the tensile properties of WPCs.

Compression performance

The ultimate compressive strength was calculated using the
equation:

F=P/A (1)

where (F) is the compressive strength of the specimen in
megapascals, (P) is the maximum applied load in newtons, and

(A) is the cross-sectional area measured in square millimeters.

20
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Figure 8. Examples of stress/strain plots for samples as wood flour levels increased from 0 to 17.5 wt.%.
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Figure 9. Effect of increasing amounts of wood flour from 0 to 17.5 % on Young’s Modulus. Error bars represent one standard deviation.

WPC1 had a compressive strength of 22.3 MPa, WPC 2 was
29.8 MPa, and WPC3 increased significantly to 75.6 MPa.
The increased compressive strength could be because of strain
hardening, where a material becomes stronger and harder as
it undergoes plastic deformation. Microstructural changes
such as phase transformation or grain refinement were also
likely to have occurred. WPC4 and WPCS both experienced
reduced compressive strengths, while WPC6 showed an uptick
in strength to 29.3 MPa.WPC7 returned to trend with a reduc-
tion to 22.4 MPa and compressive strength of WPCS8 was 15.8
MPa which was the lowest value recorded. This sample also
had liquid resin within the internal structure upon fracture after
extensive loading, showing signs of incomplete internal curing.

Wood flour addition was associated with increased stiffness and
rigidity in the composites as evidenced by the increased elastic
modulus (Table 2). WPC 2-7 showed an increase in elastic
modulus, with WPC3 being the highest recorded at 320.8 MPa.
These levels would make them suitable for applications where
stiffness is desired such as bridge construction and furniture.
The following samples showed an increase in compressive
strength compared to the control at 2.5 wt.%, 5 wt.% 7 wt.%
12.5 wt.% and 15wt.%. All of the treatments except WPC5
and WPCS experienced increased tensile strength. Increased
compressive strength showed that the materials had good
load bearing capacity and could maintain their shape under
substantial compressive force. The wood flour amended WPCs

Table 2. Effect of wood concentration on tensile and compression strength of a 3D printed composite.

Wood Content (wt.%, nominal) Tensile Strength (MPa)

Compressive Strength (MPa)

Compressive Strain (mm/mm) Elastic Modulus (MPa)

0.0 22.1+0.60 223 +531 24.8 +0.49 215.0+21.93
2.5 232+1.38 29.8+0.01 25.8+0.22 282.1+25.52
5.0 253 +£2.86 75.6 +32.38 25.8+0.22 320.8 +52.88
7.5 21.2+0.04 23.5+4.46 26.1+0.43 264.3+12.93
10.0 21.1+0.11 20.4 £ 6.65 26.0 +0.36 289.7 +30.89
12.5 202+0.74 29.3+0.36 25.4+0.06 244.9+0.78
15.0 19.7+1.10 22.4+524 24.8+0.49 216.0 £21.22
17.5 17.2+2.86 152+10.33 252+0.21 135.3 +78.28

Values represent means of 7 to 10 replicates while +/- figures represent one standard deviation.
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Figure 10. Compressive behavior of WPC with increased wood content.

exhibited superior compressive strength and stiffness compared
to epoxy polymer at certain ratios (Figure 10). Strong interfacial
bonding ensured efficient stress transfer from the matrix to the
fibers, maximizing composite strength.

Conclusions

This study demonstrated printability and mechanical proper-
ties of WPC manufactured using stereolithography at wood
content levels higher than 10%. Tensile and compressive
mechanical tests were performed using printed WPC samples.
The following statements summarize the main findings from
the current study.

1. Alimit of 17.5 wt.% wood flour content was determined
to be the peak for the WPC using stereolithography when
considering wood species, particle shape and size, density,
resin viscosity and 3D printing capability.

2. Addition of 2.5 and 5.0 wt.% of wood flour increased the
tensile strength of the composite before both properties de-
clined with increasing wood flour content. WPCs exhibited
enhanced tensile strength and stiffness due to the uniform
dispersion of wood fibers within the polymer matrix and
the ability to control layer-by-layer construction.

3. Young’s modulus of the tensile samples increased at low
wood flour ratios signifying reinforcement then decreased

with increased wood content. A slight increase was ob-
served at 15.0 wt.% before further reductions were noted at
17.5wt. %. Material stiffness was improved with 2.5 wt.%
and 7.5 wt.% of wood flour, showing increased resistance
to deformation and stiffness at those ratios.

4. Compressive strength increased at every ratio except 10
wt.% and 17.5 wt.%, indicating that the material had good
load bearing capacity and could maintain its shape under
substantial compressive forces. Elastic modulus also in-
creased at all ratios except 17.5wt.%, indicating an increase
in stiffness and rigidity when wood flour was used to
reinforce epoxy polymer.

Applications of SLA printed WPCs are diverse and span
across various industries, from consumer products to advanced
industrial components. Enhancing this method opens new
opportunities for innovative and sustainable manufacturing
solutions. Future research may focus on the printability of
WPC using biodegradable resin as an alternative to petroleum-
based feedstocks, the impact of particle size on printability
and mechanical properties, and the dimensional accuracy of
different print orientations.
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