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Abstract: Current selective laser sintering (SLS) parts pro-
duced from biomass-composites are low-quality due to
issues with unsuitable-parameters. This study investigates
the influence of various SLS parameters on mechanical
properties of peanut shell powder/polyether sulfone com-
posites (PSPC). The aim of this study is to improve the PSPC
mechanical strength through the optimization of SLS para-
meters, i.e., layer-thickness, scan-speed, laser-power, scan-
spacing, and preheating-temperature. The study examines
how these parameters influence the mechanical properties
of PSPC. First, thermophysical-properties of PSPC compounds
were analyzed to determine their thermal behavior and
optimal sintering-temperature. The mechanical properties
were assessed using sensitive testing instruments. Scann-
ing electron microscopy was used to analyze formability-
microstructure, particle-distribution, and bonding-strength
of PSPC specimens under various parameters. The density
and mechanical strengths of PSPC parts correlated-directly
with laser-power and preheating-temperature, while preci-
sion and surface-roughness showed an inverse-correlation.
Conversely, mechanical strengths and density inversely-

correlated with layer-thickness, scanning-speed, and scan-
spacing, whereas precision and surface-roughness displayed
a direct-correlation with these parameters. PSPC offers cost-
effective, eco-friendly parts, reducing pollution from peanut-
waste disposal. Optimizing SLS parameters produced parts
with better strengths, dimension precision, and surface-rough-
ness, making them ideal for construction and furniture-man-
ufacturing. Therefore, the optimization process, using pre-
heating at 78°C, 16W laser power, 1.8m·s−1 scan speed,
0.12mm scan spacing, and 0.2mm layer thickness, produced
parts with enhanced mechanical strength, surface quality, and
dimensional precision, demonstrating their potential for addi-
tive manufacturing (AM) applications. This study is one of the
first to analyze the impact of SLS parameters on mechanical
properties, introducing an innovative SLS material.

Keywords: preparation of peanut shell powder, peanut
shell powder/polyether sulfone composites powder pre-
paration, selective laser sintering processing, mechanical
properties test analysis, SEM analysis

1 Introduction

Selective laser sintering (SLS), similar to 3D printing tech-
nology, is an extensively adopted additive manufacturing
(AM) method that was originally introduced in 1988 by C. R.
Deckard [1–4]. This technology has extended its reach into
the production of various items, encompassing composite
materials, wood-based products, and other diverse sectors
[5–8]. The SLS process constructs objects layer-by-layer,
using heat temperature from a laser scanning to fuse and
blend powdered material. It involves extensive fusion of
powdered raw material by a laser beam, followed by layer-
by-layer deposition based on a 3D CAD design, all without
expensive equipment. Its adaptability enables it to handle
a wide variety of materials capable of melting or fusing
[4,5,9,10]. This technology offers distinct advantages over
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other AM technologies, as it enables the production of intri-
cate geometric components without the need for costly tooling
[11–13]. Furthermore, the unused powder remaining post-SLS
is recyclable, and the resultant sintered parts demonstrate
enhanced dimensional precision (DP) compared to those fab-
ricated using other AM techniques [3,14–16]. SLS utilizes a
range of powder forms as rawmaterials, including composites,
polymers, biomass materials, metals, and ceramics. However,
conventional composite materials may not fully meet market
demands, limiting the versatility of SLS technology [15,17–20].
Renowned for its capacity to fabricate intricate shapes challen-
ging to achieve through conventional means, SLS has emerged
as a prominent AM technique. Its applications span diverse
industries, encompassing rapid prototyping, manufacturing,
medicine, ceramics, metals, and polymers [21–26]. The shortage
of materials compatible with SLS technology emphasizes the
pressing requirement for innovative, eco-friendly SLS mate-
rials characterized byminimal energy consumption, cost-effec-
tiveness [20,22,24,27]. Hence, it is imperative to consider the
development of novel innovative materials alongside optimum
SLS processing parameters [4,20,28,29]. Equally important is
investigating the effect of SLS parameters on the bonding
quality and mechanical performance of SLS pieces, ultimately
ensuring the production of high-quality SLS parts [5,30–33].
Using agricultural waste in AM addresses concerns related
to high material costs and material shortages in SLS. This
approach also promotes the use of agricultural waste, such
as peanut shells, as feedstock in SLS, eliminating the need for
disposal through burning. As a result, it substantially
broadens the spectrum of potential applications for SLSmate-
rials. Improving the quality of produced SLS parts often
requires optimizing SLS processing parameters and studying
their impact on mechanical quality. Additionally, it involves
optimizing the raw material mixing ratios and selecting
appropriate particle sizes [14,31,34]. Natural biomass compo-
site materials are environmentally friendly and ideal for AM
and SLS due to their lower melting points, making them
suitable for the process [17,35–38].

Several research efforts have endeavored the SLS pro-
cessing of wood-plastic composites, including innovative
methodologies like the one pioneered by Idriss et al. at
Northeast Forestry University in Harbin, China. Their envir-
onmentally conscious methodology involves leveraging for-
estry and agronomic waste as raw materials for AM via SLS,
which are suitable materials for AM. Other previous research
works have explored various wood-plastic composites, including
sintered sisal fiber, rice husk, walnut shell, bamboo, and
wood-plastic blends, as feedstock for SLS technology. These
studies mainly focused on optimizing material mixture ratios
and assessing mechanical strengths. While they achieved
positive results, a gap remains in understanding how SLS

processing parameters influence the mechanical performance
of the final components.

The current limitations in the application scope of bio-
mass SLS materials stem from the suboptimal quality of
their manufactured composites. To realize their full poten-
tial, it is crucial to enhance the powders mixing ratios,
particle sizes of raw powder materials, and enhance their
SLS parameters, and assess their impact on the biomass
SLS produced parts [20,39,40]. This optimization is essen-
tial for producing high-quality sintered parts characterized
by robust mechanical properties. The forming-constructing
quality of SLS pieces is influenced by interaction and inter-
face among biomass powder, laser beam, and the specific
SLS parameters employed [41,42].

In recent years, researchers worldwide have made sig-
nificant advancements in SLS technology, particularly
in the wood-plastic composite field [43,44]. Emphasis has
been placed on manufacturing cost reduction, product part
precision, and addressing environmental concerns related to
forestry and agricultural waste pollution [19,20]. Christopher
Billings and his colleagues at the University of Oklahoma’s
School of Mechanical Engineering conducted research on sus-
tainable wood fiber-reinforced green composites. Their study
focused on increasing material availability in the SLS field
and improving the mechanical performance of eco-friendly,
renewable polymers by incorporating natural fibers. Their
work successfully demonstrated improved mechanical prop-
erties, making these materials suitable for use in AM. This
advancement not only promotes the development of ecolo-
gical materials but also opens up new opportunities in
advanced AM [43]. Daša Krapež Tomec of the University of
Ljubljana conducted a study on wood utilization in AMwith a
focus on polymers. The research addresses the rising demand
for polymers filled with natural-based fillers, particularly
wood particles in 3D printing. While wood is commonly
used to reduce material costs, the study explores its potential
as a primary ingredient to enhance 3D-printed part proper-
ties. The research highlights advantages like reinforcing
ability, biodegradability, and availability as waste material,
versatility, recycling options, and its potential use for 4D
printing. These aspects emphasize the importance of exploring
wood’s role in 3D printing [45]. By amalgamating insights from
both domestic and international studies, existing materials
may not fully align with market demands, hindering the
broader application of SLS. To advance SLS processing applica-
tions, there is an increasing imperative to investigate novel
materials under appropriate processing parameters, such as
SLS settings and powder mixture ratios [39,40].

Peanut shell, similar to Prosopis chilensis powder and
rice husk, constitutes an abundant source of sustainable
agricultural waste, presenting distinct advantages such as

2  Aboubaker I. B. Idriss et al.



a low melting point temperature and ease of milling and
crushing [30]. In contrast to Prosopis chilensis timber,
peanut shell powder (PSP) particles assume a spherical
shape, facilitating uniform powder dispersion in smooth,
dense layers [30,46,47]. This characteristic enhances the
manufacture of superior and high-performance SLS pieces.
Capitalizing on these advantages, peanut shell has been
chosen as the main raw material for current wood-plastic
composite. Specifically, PSP material has been incorpo-
rated into the polyether sulfone (PES) polymer matrix to
create a wood-plastic composite of PSP/PES (PSPC) suitable
for SLS. Peanut cultivation is widespread in large areas of
Sudan, particularly in the western regions, leading to sig-
nificant agricultural waste in the form of peanut shell.
Unfortunately, these waste materials pose environmental
challenges, leading local farmers to resort to mass burning
for disposal, thereby contributing to environmental degra-
dation. Therefore, the aim of this study is to enhance the
value of peanut shell as a biomass material in AM, specifi-
cally SLS, rather than resorting to burning for disposal. The
novel PSPC material for SLS holds significant potential for
reducing environmental damage associated with the pollu-
tion caused by burning peanut shells. Anticipated applica-
tions for this innovative composite material span various
sectors, including construction, wooden flooring, doors,
and furniture. This approach could alleviate pressure on
Sudan’s forest sector, where trees are often cut down for
building materials and energy. By localizing the use of
agricultural waste in manufacturing technology for furni-
ture and building materials, they can reduce the demand
on forests. Consequently, this study will contribute to
environmental protection and provide alternative mate-
rials for construction purposes. Moreover, this composite
material will offer economic benefits by introducing a
new material category for SLS applications and addressing
material scarcity concerns. Composite materials like PSPC
wood offer promising benefits for both economic and
environmental considerations. The produced PSPC exhibits
numerous advantages, including exceptional mechanical
performance, surpassing other wood powder composites
in accuracy and strengths.

In the current work, the optimal powder mixture ratio
and PSP particle size of raw materials were smoothly iden-
tified and served as the foundation for subsequent experi-
ments related to impact of SLS processing parameters on
mechanical performance. However, a significant knowl-
edge gap exists regarding the impact of processing para-
meters, such as SLS, on mechanical performance. This lack
of understanding has led to a restricted comprehension of
SLS processing parameters for the wood powder compo-
site, resulting in lower quality and diminished mechanical

properties in the final products. The manuscript aims to
enhance the mechanical properties by addressing the men-
tioned lack of understanding and considering their influ-
ence on the mechanical strengths, DP, surface quality, and
density of PSPC SLS parts, leveraging insights from pre-
vious research. In the current study, a composite with a
mixture ratio of 10/90 for PES polymer and PSP was
selected, along with PSP particles size ≤ 125 (μm), based
on deep study. PES, known for its outstanding thermal
performance up to 200°C and superior mechanical perfor-
mance compared to other thermoplastics [18], is character-
ized by irregular block-like particles, an optimal particle
size range, high density, significant melt flow rate, high
viscosity, and cost-effectiveness. These advantageous char-
acteristics position PES as the preferred additive for this
composite.

Despite limited research on biomass composite pow-
ders, most have not found commercial use in SLS due to
quality issues. This study aims to address these issues and
position PSPC composite as a viable commercial material
for SLS. It investigates how various SLS parameters influ-
ence the surface roughness, mechanical strengths, and DP
of PSPC SLS pieces to enhance their mechanical properties.
Throughout this study, the experimental investigations
focused on assessing the influence of laser power, scan
speed, preheating temperature, scan spacing, and layer
thickness on the mechanical performance of PSPC SLS
parts.

Moreover, this study addresses key technical chal-
lenges in the SLS process, such as surface deformations
and inadequate mechanical strength in wood composite
sintered parts. By using biomass waste in AM rather than
incinerating it for disposal, this research contributes to
both material sustainability and environmental preserva-
tion. These challenges can often be mitigated through
defining the optimal SLS parameters. This study is a note-
worthy and reliable contribution to SLS AM technology, as
it integrates experimental works, theoretical calculations,
and statistical analyses. Additionally, the results are com-
pared with findings from previous studies, enhancing the
comprehensiveness of the research.

2 Methodology

2.1 Raw materials

Primary materials utilized in current work were peanut
shell in powder form (PSP) and PES powder. The pure
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peanut shell used in this study was gathered from agricul-
tural waste in the Darfur region, specifically from south
Darfur, Sudan.

To produce PSP, the peanut shell samples were initially
milled utilizing a crushing machine from Yongkang Boou
Hardware Products Co., Ltd. Next the crushed PSP was
sieved using standard vibrating sieves with a screen size
of 100 mesh. Intensive shaking was employed through a
vibrating screen to achieve a PSP particle size of 125 (μm).
Following the crushing and sieving process, the PSP was dried
at 100°C using a thermostat oven (Long Yuan Technology Ltd,
Beijing, China) for a duration of 4 h.

The purpose of this drying process was to remove
moisture from the PSP, making it a suitable raw material
for synthesizing PSPC. PSP was selected for this study based
on its appealing characteristics. PES, a thermoplastic polymer,
exhibits several key features as a powder material, including
an irregular block particle shape, particle diameter ranging
from 0 to 58 μm, and density ranging from 0.7 to 1.32 g·cm−3. It
has amelt flow rate of 20 g/10min at 160°C, viscosity of 188 Pa·s,
softening point at 95°C, and starting decomposition tempera-
ture at 408°C. These exceptional properties render PES powder
widely utilized in various applications requiring powder com-
posites. Figure 1 illustrates the main materials used in the
study: (a) pure PSP sample and (b) pure PES sample. The
raw PSP preparation process is depicted in Figure 2 (steps 1–5).

2.2 Preparation of PSPC

To prepare PSPC, the dried PSP sample was manually
blended with PES powder in a specific weight ratio of
10:90 (PSP/PES). Subsequently, mechanical blending was
conducted using a high-speed mixer to achieve a uniformly
distributed, homogenous mixture powder with consistent

coloring. The presence of PSP is vital in bonding structure
of PSPC, enhancing the bonding between PSP and PES
powder, thereby improving stability, flexibility, and facil-
itating the synthesis of PSPC. The characteristic prepara-
tion process of PSPC is illustrated in Figure 2(a)–(e).

2.3 SLS experiments test of the PSPC

All the test samples were fabricated using a CX-A200 SLS
machine with a wavelength of 10.6 μm, utilized to fabricate
PSPC layer by layer on the worktable until the final
printing was complete. The suggested SLS processing para-
meters are listed in Table 1. The optimal parameters of SLS
used in this experiment were as follows: scan spacing =

0.12 mm, scan speed = 1.8 m·s−1, laser power = 16W, pre-
heating temperature = 78°C, and layer thickness = 0.2 mm.
It is important to note that all SLS parameters outlined in
Table 1 have a direct impact on mechanical strengths, DP,
and surface roughness of PSPC SLS pieces.

To comprehensively assess the effects of the SLS para-
meters outlined in Table 1 on the mechanical performance
of PSPC SLS parts, multiple PSPC specimens were produced
following the experimental design detailed in Table 1.
Figure 3 illustrates the manufacturing process of PSPC
parts using SLS.

2.4 Density

The density of PSPC SLS samples, manufactured under dif-
ferent SLS parameters, was calculated by measuring their
dimensions and weights using precise instruments. The
density calculation method for various PSPC parts involved

Figure 1: (a) shows Pure PSP, and (b) presents Pure PES samples. Both samples were processed by passing through a 100-mesh screen, resulting in a
particle size of 125 µm.
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Figure 2: The preparation flow chart of the pure PSP and PSPC.

Table 1: Selected SLS processing parameters for PSPC experimental study

Parameters Laser
power (w)

Preheating
temperature (°C)

Scan
speed (m·s−1)

Scan
spacing (mm)

Layer
thickness (mm)

PSP particle
size (mm)PSPC ratios

PSPC 10:90 10 74°C 1.4 0.12 0.12 ≤0.125
PSPC 10:90 12 76°C 1.6 0.16 0.16 ≤0.125
PSPC 10:90 14 78°C 1.8 0.2 0.2 ≤0.125
PSPC 10:90 16 80°C 2 0.24 0.24 ≤0.125

Figure 3: The structure of SLS machine characteristic process.
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samples each designed to have nominal dimensions of 80 ×
13 × 4 mm. Each PSPC part underwent triplicate testing for
density assessment, and the mean values from these tests
were reported as the final results to ensure accuracy and
reliability. The results of these density experiments are pre-
sented in Tables 3–7. Furthermore, the density of PSPC SLS
samples was calculated using Eq. (1).

=D
m

S W T. .

, (1)

where D denotes the density (g·cm−3), s represents the
length of sample (mm), W represents the width of sample
(mm), T is the thickness of sample (mm), andm is the mass/
weight of produced PSPC specimens (g).

2.5 DP

The DP of PSPC SLS samples, manufactured under various
SLS parameters, was calculated by measuring their dimen-
sions. The DP calculation method for various PSPC parts
involved samples each designed to have nominal dimen-
sions of 80 × 13 × 4 mm. Using a sensitive Vernier device,
the actual dimensions in terms of length, width, and thick-
ness were carefully measured. This analysis, along with
other parameters, enabled us to pinpoint the optimal SLS
parameters. The DP of various PSPC parts was determined
using Eq. (2). To ensure accuracy and reliability of DP
testing, each part underwent triplicate tests, with the
mean values reported as the final results.
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where d represents the official measured dimension size (mm)
of the PSPC SLS piece; d1 (%) denotes the DP (%); and do sig-
nifies the standard specified dimension (mm) of the parts.

2.6 SEM analysis

The surface morphology and particle size of PES powders
and PSP were visualized using the FEI Quanta 200 SEM
device (Figure 4). This test also examined the inner mor-
phology, particle distribution and microstructure of SLS
PSPC parts manufactured under various SLS processing
conditions, such as changes in preheating temperature,
laser power, scan speed, scan spacing, and layer thickness.
SEM tests support the mechanical analysis department by
providing insights into particle bonding, a crucial factor
influencing mechanical strength of the produced SLS parts.
The bonding and connecting between PSPC particles is
influenced by various SLS parameters (Table 1). PSPC sam-
ples manufactured under various SLS parameters were
analyzed using both SEM tests and mechanical tests to
further investigate the influence of SLS parameters on
their mechanical performance. To confirm these findings,
SEM analysis was conducted on 17 samples to assess
bonding strength and scientifically validate the results
obtained from mechanical experiments.

2.7 Thermal physical properties test of PSP
and PES

Thermophysical tests enable the comprehensive characteriza-
tion of biomass powders, aiding in understanding material

Figure 4: SEM surface morphology of (a) pure PSP and (b) pure PES powder.
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thermal behavior and optimizing parameters for suitable
material design and product quality assurance. Common
thermal tests include:
(a) Thermogravimetric analysis (TGA): TGA measures the

weight changes of a material as a function of tempera-
ture or time under controlled heating conditions in an
inert atmosphere. For biomass powders, TGA helps
determine the decomposition behavior, moisture con-
tent, thermal stability, and volatile matter content. It
provides insights into the thermal degradation kinetics
and pyrolysis characteristics of biomass, which are
crucial for understanding its combustion and gasifica-
tion behavior.

(b) Differential scanning calorimetry (DSC): DSC measures
the heat flow into or out of a sample as a function of
temperature or time. It helps identify phase transitions,
such as melting, crystallization, glass transitions, and che-
mical reactions occurring in the biomass powder. In the
case of biomass, DSC can provide information about
the thermal properties, including specific heat capacity,
thermal conductivity, and enthalpy changes associated
with different thermal events. Understanding the energy
storage and release mechanisms during processes like
combustion and pyrolysis of biomass powders is crucial.
The various thermal combination tests conducted aim to
provide insights into these mechanisms. The ultimate
goal is to leverage this information to improve the
mechanical properties of biomass composite powders. By
addressing issues related to low mechanical quality in
wood-plastic products, these efforts contribute to enhance
the overall performance and reliability of such materials
in various applications.

In this study, the DSC device was used to determine
the glass transition temperatures (Tg) of both PSP and pure
PES powders. For each test, 5mg samples of PSP and PES
were prepared for both DSC and TGA analyses. The testing
parameters included a heating rate of 10°C·min−1, with the
DSC test conducted between 20 and 240°C, and the TGA test
between 100 and 600°C. The DSC and TGA results were
used to estimate the primary temperature ranges. Figure 5
shows the TGA (a) and DSC (b) curves for PES and PSP,
respectively.

(c) Thermal conductivity: This test measures the ability of
biomass powders to conduct heat. The thermal conduc-
tivity of PES powder was found to be 0.21 W·m·K−1,
while PSP had a thermal conductivity of 0.14W·m·K−1.

(d) Specific heat capacity (J·g·K−1): The specific heat capa-
city test results provide essential information about the
heat storage properties of different biomass powders,
which is crucial for determining their suitability for
various thermal applications. The specific heat capa-
city of PES was 1.1 J·g·K−1, and for PSP, it was 1.6 J·g·K−1.

(e) Density: The density test determines the mass per unit
volume of the biomass powder, which is crucial for
various thermal calculations. The density of PES and
PSP powders was measured to be 1.37 and 0.60 g·cm−³,
respectively.

2.8 Mechanical testing

Mechanical strength evaluations, including bending and
tensile properties were conducted on various PSPC samples
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Figure 5: Thermal properties tests: (a) Thermogravimetric analysis (TGA) test curves of PSP and PES powders. (b) Differential scanning calorimetry
(DSC) test curves of PSP and PES powders.
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using a Byes-3003 testingmachine. Each PSPC part underwent
triplicate testing for mechanical strength assessment, and the
mean values from these tests were reported as the final
results. Impact strength was determined via Charpy impact
testing, adhering to ISO 179-2000 Chinese standards. Statistical
analyses, including a 95% confidence interval, were applied to
the calculated mechanical strengths values to enhance the
reliability of the test results. Tensile specimens were fabri-
cated in compliance with Chinese standards (GB/T 9341-2008),
with dimensions of 150 × 20 × 10mm, while bending speci-
mens adhered to GB/T 9341-2008 standards, measuring 80 ×

13 × 4mm.
Impact specimensweremanufactured following ISO 179-2000

standards, with dimensions of 80 × 10 × 4mm. Figure 6(a)–(e)
showcases PSPC SLS specimens produced utilizing para-
meters outlined in Table 1 and illustrates the mechanical
testing process employing a universal testing machine.

2.9 Surface roughness analysis of PSPC parts

Surface roughness testing is vital for evaluating biomass
composite materials’ quality and performance. It aims to

quantify irregularities and variations in the upper surface
of biomass composite parts, providing essential data for
assessing finish, upper surface quality, and suitability for
specific applications. Various methods, including contact
and non-contact techniques, can be used to measure the
surface roughness. Parameters such as Ra, Rz, Rq, and Rt
characterize surface roughness, quantifying the distribu-
tion of irregularities. Measurements are typically taken at
multiple locations to ensure representative data across
specified areas.

Data from the surface roughness measurements are ana-
lyzed to evaluate the quality of surface finish. Deviations from
desired characteristics may indicate defects, inconsistencies,
or the need for treatment. Surface roughness significantly
influences functional properties like friction, adhesion, wear
resistance, and aesthetics, crucial for material performance.
Understanding surface roughness is crucial for optimizing
the performance and durability of biomass composite mate-
rials in diverse applications. Surface roughness testing holds
significant value across various industries by ensuring product
quality and performance. In this study, the surface quality of
PSPC SLS parts, including surface appearance and features,
was evaluated using surface roughness testing. Each part
underwent triplicate testing, with the mean values reported

Figure 6: Photographs of PSPC SLS specimens utilized for mechanical testing (a) a tensile specimen under testing, (b) 16 groups of PSPC SLS samples
of the orthogonal experimental of tensile strength test, (c) a bending specimen under testing, (d) 16 groups of PSPC SLS samples of the orthogonal
experimental of bending strength test, and (e) the universal testing machine.
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as final results. These mean values, depicted in Tables 3–7,
provide insights into surface characteristics, aiding in opti-
mizing product quality and performance.

2.10 Effect of material ratio on the structure
of laser sintering parts

To assess the influence of various SLS processing para-
meters on the mechanical performance of PSPC SLS parts,
first it is essential to determine the optimal powder mix-
ture ratio for PSPC. Therefore, five different composite
ratios of PSPC were selected and thoroughly studied to
identify the most suitable ratio for future applications of
PSPC. The determination of the best PSPC powder mixture
ratio involved the use of specific SLS parameters, including
a preheating temperature of 78°C, laser power set at 16W,
scanning speed at 1.8 m·s−1, scanning spacing of 0.12 mm,
and layer thickness of 0.2 mm. Under these process condi-
tions, the impact of the added amount of PSP on the density
and mechanical properties of PSPC SLS sintered parts is
presented in Table 2.

According to the data in Table 2, as the proportion of PSP
increases from 0 to 20%, the density of PSPC parts decreases
from 0.924 to 0.89 g·cm−3, resulting in lowmechanical proper-
ties. Adding 5% PSP to raw natural PES increases tensile
strength from 4.5 to 4.79MPa, elongation at break from
16.32 to 17.1%, and bending strength from 8.4 to 8.9MPa.
Notably, increasing the PSP content to 10% significantly
improves the mechanical properties of PSPC SLS parts, with
enhanced elongation at break and bending strength. This
improvement is attributed to the enhanced bonding strength
between particles, facilitating the full melting of PES. Acting
as both a matrix material and a binder, PES increases the
sintering neck between particles. The increase in mechanical
properties may also be influenced by the opposing chemical
polarity of PSP and PES, resulting in poor interface compat-
ibility and weak bonding strength, which affects the overall
mechanical strength of SLS pieces. Additionally, the degree of

DP of PSPC SLS parts is influenced by the addition of PSP, as
outlined in Table 2. Initially, the DP of PSPC parts increases
with the addition of PSP, but it subsequently decreases with
further additions. This is because PSP provides structural
support during the SLS processing, reducing the degree of
deformation caused by the melting and cooling process of
the powder composite.

A comprehensive comparison of PSPC mixed powder
revealed that SLS parts containing 10% PSP exhibit favor-
able mechanical strength and good DP. Therefore, PSPC
with 10% PSP was selected for subsequent SLS process
parameter optimization research. Conversely, when the
PSP content increased to 15 and 20%, the mechanical prop-
erties of PSPC SLS parts notably declined. Parts containing 10%
PSP demonstrated improved elongation at break, superior
bending strength, and better DP in the X, Y, and Z directions.
The reduction in mechanical properties with higher PSP con-
tent can be attributed to a decrease in bonding strength
between PSP and PES powders. The inadequate interface com-
patibility between the two powders results in weak bonding
strength, adversely affecting the mechanical integrity of PSPC
SLS parts.

3 Results and discussion

3.1 Analysis of mechanical properties
of PSPC

Mechanical property analysis is crucial on the engineering
applications such as manufacturing, construction, and mate-
rials science. It enables researchers to understand the mate-
rial behavior under different conditions, optimizing designs
for improved performance and ensuring compliance with
safety standards. By understanding material behavior in
varied scenarios, it facilitates the refinement of designs for
enhanced performance, durability, and safety adherence,
essential in engineering endeavors. Therefore, assessing the

Table 2: Density and mechanical properties of SLS PSPC parts with different mass ratios

PS powder
content (%)

Density
(g·cm−3)

Tensile
strength (MPa)

Elongation at
break (%)

Bending
strength (MPa)

Impact strength
(kJ·cm−2)

DP (%)

X Y Z

0 0.924 4.5 16.32 8.4 1.51 99.88 99.42 91.015
5 0.942 4.79 17.1 8.95 1.76 99.94 99.85 96.76
10 1.2 6.1 18.45 14.1 2.12 99.99 99.97 98.84
15 0.945 4.85 17.88 12 1.87 99.96 99.92 97.56
20 0.89 3.95 14.78 7.88 1.16 98.67 97.82 88.78

Influence of SLS processing parameters on the mechanical performance of PSPC  9



mechanical performance of PSPC SLS pieces was essential to
comprehend the effect of SLS processing parameters on var-
ious aspects like density, DP, surface roughness, bending,
tensile, and impact strengths. These test results offer insights
into how SLS parameters affect the mechanical properties of
PSPC SLS parts. Photographs of the PSPC SLS specimens used
for mechanical tests are depicted in Figure 6.

3.2 Assessing the influence of preheating
temperature on the mechanical
performance of PSPC SLS parts

The study centered on SLS process, which involved uti-
lizing a CO2 laser beam to impart heat energy to PSPC.
Nevertheless, fluctuations in variations in laser energy
absorption efficiency influenced heat transfer efficacy,
consequently influencing several characteristics of the
PSPC sintered parts. These attributes included mechanical
strength, such as impact, bending, and tensile strengths as
well as density, DP, and surface roughness.

The PSPC test specimens were fabricated with specific
parameters, including a scan spacing of 0.12 mm, a scan
speed of 1.8 m·s−1, a laser power of 16W, and a layer thick-
ness of 0.2 mm. Furthermore, the PSP particle size was
selected to be less than 125 (μm), with a consistent mixture
ratio of 10/90 (%). To assess the influence of the heating
rate temperature on the PSPC SLS parts mechanical perfor-
mance, four levels of preheating temperature were selected:
74, 76, 78, and 80°C, to produce the test samples. The corre-
sponding results of surface roughness, bending experiments,
tensile experiments, impact experiments, density experiments,
and DP assessments at several heating temperatures are shown
in (Table 3 and Figure 7).

The increase in heating temperature directly led to
enhance the energy absorption of the PSPC due to rise in
the amount of energy absorbed, increasing its heat transfer
efficiency. This enhancement is evidenced in SEM analysis
(Figure 8(a)), which reveals a substantial improvement in
interfacial bonding, internal formation, and the size volume
of sintered neck between PSP and PES powders as the pre-
heating temperature of PSPC increases. Consequently, this led
to a clear improvement in density and mechanical strengths
of PSPC SLS pieces (Table 3). The enhancement in interfacial
bonding strength and sintered neck formation led to a
decrease in porosity within the PSPC parts. However, there
was a slight reduction in DP (Figure 7(a)) and surface rough-
ness quality of the PSPC pieces observed concurrently with an
increase in preheating temperature (Table 3). This decrease
can be attributed to the shrinkage of the parts and the

occurrence of agglomeration on the upper surface of the
samples Figure 8(a). These effects were associated with the
increased interfacial bonding strength and density in PSPC
parts due to higher temperatures.

When the optimal preheating temperature of 78°C was
utilized, the PSPC SLS parts demonstrated the most favor-
able balance betweenmechanical strength, DP, and surface
roughness. At this temperature, the sintering neck was
well-formed, and the upper surface appeared smoother
(Figure 8(b)). Consequently, the PSPC SLS part manufac-
tured at a temperature of 78°C exhibited excellent mechan-
ical properties, with bending strength of 14.1 MPa, tensile
strength of 6.1 MPa, impact strength of 2.12 kJ·cm−2, and a
density of 1.2 g·cm−3, respectively (Table 3). Experimental
results also revealed outstanding DP and surface rough-
ness in all directions, with values of 99.99, 99.97, and
98.84% for X, Y, and Z directions, respectively. However,
at 80°C, although the PSPC sintered part showed higher
mechanical strength (Table 3), it unfortunately caused
deformation on the side surfaces, leading to a decline in
DP quality (Figure 7(a)) and surface roughness values for
PSPC SLS pieces (Table 3).

Therefore, as the heating temperature of the PSPC increased
from 76 to 78°C, the bending strength of SLS piece demonstrated
amaximum rise of 2MPa from 12.2 to 14.1MPa. Similarly, tensile,
impact strengths, and density of PSPC sintered part showed
their maximum increases of 0.98MPa (from 5.12 to 6.1MPa),
0.24 kJ·m−2 (from 1.88 to 2.12 kJ·m−2), and 0.26 g·cm−3 (from
0.94 to 1.2 g·cm−3), respectively, within the same temperature
range.

As the heating temperature raised continuously, it even-
tually reached the hardening temperature of the PSPC piece,
causing unsintered powder to adhere to PSPC SLS piece. This
adhered powder is not easily removed from the PSPC SLS
piece, leading to an increase in the dimensions of PSPC SLS
piece in all directions due to the presence of adhered pow-
ders. Consequently, the surface roughness and DP of the PSPC
SLS piece shows a contrary correlation with the preheating tem-
perature, decreasing as the preheating temperature increased
(Table 3 and Figure 7(a)).

Conversely, reduced heating temperatures lead to decreased
heat transfer efficiency during the heating process, conse-
quently resulting in lower density, impact, bending, and ten-
sile strengths of the PSPC SLS pieces, as evident from the
effects observed at low preheating temperatures. This
decrease was due to a reduction in the bonding strength
between powder particles, as well as an increase in the size
of porosity inside PSPC SLS piece (Figure 8(c)). A comparison
was made between the mechanical strengths, density, and DP
of PSPC SLS pieces manufactured at different heating tem-
peratures. This comparison aimed to identify the optimal

10  Aboubaker I. B. Idriss et al.
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preheating temperature that would optimize the mechan-
ical strengths, surface roughness, and DP of PSPC SLS
pieces. The conclusion drawn from the comparison empha-
sized the importance of selecting an appropriate preheating
temperature in SLS to achieve PSPC SLS pieces with excel-
lent mechanical strengths and DP, along with low surface
roughness.

All measured mechanical properties, including bending,
tensile, and impact strengths, along with density and surface
roughness, were subjected to confidence testing. The results
demonstrated that all measured values fell within the 95%
confidence interval, i.e., within their upper and lower limits,
underscoring the reliability and dependability of the experi-
mental results (Table 3).
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Figure 7: The effect of various SLS parameters on the DP of PSPC SLS parts manufactured under various SLS: (a) Heating temperature, (b) laser power,
(c) scan speed, (d) scan spacing, and (e) layer thickness. Error bars are included to indicate variability in the results, providing insights into the
mechanical performance of the manufactured parts under different processing conditions.
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Figure 8: This figure displays the SEM morphology of the PSPC parts produced under different SLS processing conditions, including variations in
preheating temperature, laser power, scan speed, scan spacing, and layer thickness, as shown in (a) to (l), respectively.
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3.3 Assessing the effect of the laser power
on the mechanical performance of PSPC
SLS pieces

The SLS process technology functions by directing a laser
beam onto a focused spot, traversing the forming surface
of the PSPC parts, thereby forming sintered PSPC parts, as
evidenced in this study. The laser power is influenced via
the distribution of light intensity within the laser beam, a
factor determined by Eq. (4).

⎟⎜= ⎛
⎝
− ⎞

⎠
h v

l

ω

r

ω

2

π

exp

2

,

2

2

2

( ) (4)

where w is the characteristic radius (mm), h is the light
intensity of the laser beam, l is the laser power (w), v is the
distance between the inspection point and the spot center
(mm). The specific parameters for fabricating the PSPC test
specimens included a scan spacing of 0.12 mm, a scan
speed of 1.8 m·s−1, a preheating temperature of 78°C, and
a layer thickness of 0.2 mm, respectively. Besides, the PSP
particle size ≤ 125 μm, with consistent mixture ratio of 10/
90%. To assess the impact of laser power on the mechanical
performance of PSPC SLS pieces, the laser power for pro-
ducing the four test samples of PSPC was set at four levels
according to experimental design (Table 1), i.e., 10W, 12W,
14W, and 16W, respectively. Tests samples were produced
under these four different levels of laser power; subse-
quently, the mechanical properties of PSPC parts manufac-
tured at these laser power levels were assessed.

The findings of the surface roughness test, impact,
bending, tensile, and density tests along with the DP tests
measurements are presented in Table 4 and (Figure 7(b)),
respectively. Typically, as the laser power increases, the
PSPC absorbs more energy. Consequently, there is an esca-
lation in the energy diffused along the sintering path of
laser, resulting in higher density of PSPC SLS part. This
increase in density is attributed to a greater sintering
depth and an enlargement of the sintered-neck between
PSP and PES particles, which leads to a reduction in the
size volume of inner holes within PSPC piece, as illustrated in
Figure 8(d). Consequently, the impact, bending, and tensile
strengths, along with the density of PSPC SLS pieces, exhibit
an increase (Table 4) with higher laser power, attributed to
the enhanced sintered neck formation between PSP and PES
particles (Figure 8(d)). However, an increase in laser power
resulted in a decrease in DP (Figure 7(b)) and decrease in the
quality of surface roughness (Table 4). This reduction in quality
of DP and surface roughness is attributed to the greater sin-
tering depth, leading to increased shrinkage of the PSPC parts
and the occurrence of agglomeration on the upper surface of
the samples (Figure 8(d)). The results indicate that the PSPC SLS

part manufactured at a laser power of 16W showedmaximum
strengths, with bending strength of 14.1MPa, tensile strength of
6.1MPa, and impact strength of 2.12 kJ·m−2, alongwith a density
of 1.2 g·cm−3 (Table 4). Additionally, at this laser power, the part
displayed excellent DP values of 99.99, 99.97, and 98.84% for X,
Y, and Z directions, respectively, along with a surface rough-
ness of 5.93 μm. Reducing the laser power from 16W to 14W
resulted in a decrease in bending, tensile, and impact strengths,
along with density, to 13.05MPa, 5.43MPa, 1.58 kJ·m−2, and
0.94 g·cm−3, respectively. Besides, tensile and bending strengths
of the PSPC SLS piece showed amaximum reduction of 0.7MPa
(from 6.1 to 5.43MPa) and 1.05MPa (from 14.1 to 13.05MPa),
respectively, with a reduction in laser power from 16 to 14W
due to decrease in the energy absorbed by PSPC. Moreover,
with the reduction in laser power, there is a reduction in the
sintering depth and size volume of sintered neck between PSPC
particles. This led to decreased shrinkage of the parts and the
occurrence of agglomeration on the upper surface of the PSPC
samples, as illustrated in Figure 8(e). Consequently, the reduc-
tion in laser power lead to a decrease in the density of PSPC
SLS pieces, thereby leading to the decline in mechanical
strength. However, the DP and surface roughness of the
PSPC SLS pieces improved with a reduction in laser power.
This improvement can be attributed to decreased shrinkage
and a reduction in the occurrence of agglomeration on the
upper surface of the PSPC samples.

Insufficient intensity and density of the laser beam at
low laser power levels led to inadequate energy absorption
by the PSPC and incomplete melting of the PES powder. As a
result, this led to the weakening of the sintered neck
between the PSP and PES powders, along with an enlarge-
ment and increase in the size of porosity within the PSPC
SLS parts, as shown in Figure 8(f). Consequently, the mechan-
ical strengths along with density of PSPC SLS pieces, decreased
with decreasing laser power (Table 4). Conversely, DP and sur-
face roughness showed a little improvement with reduced
laser power (Figure 7(b) and Table 4).

The correlation between the mechanical strength, DP,
and surface quality reveals an inconsistency: while mechan-
ical strength tends to increase with higher laser power, DP
and surface roughness quality decrease. This highlights the
necessity of selecting an optimal laser power value that
enhances mechanical strength while maintaining excellent
DP and good surface roughness quality. This underscores
the importance of optimizing laser power to manufacture
PSPC SLS pieces with superior mechanical strength, high
DP, and excellent surface quality. Furthermore, a comparison
was made between the mechanical strength of PSPC SLS
pieces and those of sisal fiber powder composite (SFPC) and
pure PES SLS pieces, all manufactured under identical pro-
cessing parameters (Figure 9). This comparison unveiled that
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the mechanical strengths and DP of the PSPC SLS pieces sur-
passed those of SFPC, PCPC pieces and pure PES SLS pieces.
All measured mechanical properties, including mechanical
strengths, density, and surface roughness, underwent relia-
bility assessment through confidence testing. The results
demonstrated that all measured values fell within the 95%
confidence interval, indicating the reliability and depend-
ability of the results as they aligned with both their upper
and lower limits (Table 4).

3.4 Assessing the effect of scanning speed
on the mechanical performance of PSPC
SLS pieces

The scanning speed in SLS refers to the rate at which the
laser beam moves across the powder bed during the sin-
tering process. It is a critical parameter that influences the
overall build time, which is affect resolution, and quality of
the PSPC printed parts in an SLS system. The scanning
speed is typically measured in units such as millimeters
per second (mm·s−1) and represents how quickly the laser
traces the desired pattern or cross-section of the 3D object
being printed. Modifying the scanning speed range will
influence the sintering process, influencing factors such

as heat distribution and powder melting, thereby affecting
the mechanical properties of PSPC SLS parts. Moreover,
within the SLS system, scanning speed refers to the dis-
tance and space traversed by the scanning laser beam
over a set duration. The influence of scanning speed on
the mechanical properties of PSPC SLS components is
assessed by examining the cross-sectional energy density
of the laser scanning line. This involved utilizing Eq. (5) to
ascertain the energy density distribution within the laser
scanning line.

⎟⎜= ⎛
⎝
− ⎞

⎠
Y e

V

rs

e

r

2

π

exp

2

,

2

2

( ) (5)

where Y is the energy density (J·mm−3), e is the distance
between the spot center and inspection point (mm), V is the
laser power (W), r is the radius (mm), and s is the scanning
speed (mm·s−1).

The specific parameters for fabricating the PSPC test
specimens included a scan spacing of 0.12 mm, a laser
power of 16, a preheating temperature of 78°C, and a layer
thickness of 0.2 mm. Additionally, the PSP particle size was
chosen to be fewer than 125 μm, with a consistent mixture
ratio of 10/90%. To evaluate the influence of scanning
speed on mechanical characteristics of PSPC SLS pieces,
four different levels of scanning speed were established
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according to the experimental design (Table 1): 1.4, 1.6, 1.8,
and 2 m·s−1, respectively. Test samples were then fabri-
cated at these specified scanning speeds. Following this,
the mechanical properties of PSPC SLS pieces manufac-
tured on each scanning speed level were analyzed.

The findings of the DP measurements, impact strength
tests, tensile strength tests, bending strength tests, surface
roughness, and density evaluated are depicted in (Figure
7(c)) and Table 5. The data in Table 5 indicate a direct correla-
tion between increased scanning speed and a decrease in
mechanical strengths and density. This phenomenon can be
attributed to the shorter duration of laser heat exposure on
PSPC at higher scanning speeds in SLS, resulting in a decrease
in the energy density along the laser scanning line. Therefore,
as the scanning speed of SLS increases, PSPC absorbs insuffi-
cient energy, resulting in incomplete melting of the powder.
This incomplete melting leads to decreased mechanical
strengths and density of PSPC SLS pieces, which are directly
caused by increased porosity between PSP and PES particles,
stemming from a reduction in interfacial bonding strength
(Figure 8(g)). Hence, the mechanical strength of the PSPC
SLS pieces reduced as the scanning speed increased attrib-
uted to reduced processing time required for SLS in PSPC
pieces. PSPC SLS parts fabricated at a laser scanning
speed of 1.4m·s−1 showed a maximum mechanical strength
(Table 5) owing to reduced pores within PSPC powder parti-
cles and increased bonding strengths (Figure 8(h)). The
minimal pores in PSPC SLS parts resulted from the full
melting of PES particles, facilitating better bonding between
PSPC particles, a phenomenon observed at lower scanning
speeds.

Consequently, the bending strength was 15 MPa, ten-
sile strength was 7.55 MPa, impact strength was 2.8 kJ·m−2,
and density was 1.73 g·cm−3. However, the surface rough-
ness and DP quality were decreased directly in low scanning
speed. As the scanning speed escalated from 1.6 to 1.8m·s−1,
there was a notable decline in the bending strength, tensile
strength, and impact strength of the sintered parts. Specifically,
these values decreased by 0.77MPa, 0.57MPa, and 0.61 kJ·m−2,
respectively. Elevating the scanning speed to 2m·s−1 led to a
more pronounced decrease in bending strength, with a decline
of 0.65MPa. Conversely, the DP and surface roughness of the
PSPC SLS pieces exhibited improvement with the increased
scanning speed, attributed to the reduction in sintering depth
(Table 5).

Reducing the laser scanning speed extended the pro-
cessing duration of laser sintering, thereby augmenting the
cross-sectional energy density of the laser scanning line. This
facilitated improved heat transfer efficiency during sintering,
consequently increasing the density by minimizing internal
pores between PSPC particles. Consequently, the bending,

tensile, impact strengths, and density of the SLS PSPC exhibited
gradual and continuing increments with decreasing scanning
speed (Table 5). The mechanical properties data presented in
Table 5 revealed a negative correlation between the laser beam
scanning speed and the bending, tensile, and impact strengths,
as well as density, while demonstrating a positive relationship
with the DP and surface roughness of the PSPC SLS pieces.

The relationship between mechanical strengths, DP,
and surface quality highlights an inconsistency: while
mechanical strength tends to decrease with higher scan-
ning speed, DP, and surface roughness quality increase.
This underscores the importance of selecting an optimal
scanning speed value that enhances mechanical strength
while maintaining excellent DP and surface roughness
quality. It was decided that a best scanning speed was
necessary to manufacture PSPC SLS pieces with great
excellent mechanical strengths and great DP and superior
surface roughness. Therefore, PSPC parts manufactured at
a scan speed of 1.8 m·s−1 showed a positive relationship
between mechanical strength, DP, and surface roughness
quality. Thus, PSPC SLS pieces produced at 1.8 m·s−1 have
the potential for application in AM technology, particularly
in various wood-manufacturing operations due to their
good mechanical strength as well as excellent DP and sur-
face roughness quality. All measured mechanical proper-
ties, including bending, tensile, and impact strengths along
with density, surface roughness, and DP in all directions,
underwent confidence testing to assess their reliability.
The results showed that all measured values fell within the
95% confidence interval, affirming the reliability of the
results, as they remained consistent with both their upper
and lower limits (Table 5).

3.5 Assessing the influence of scan spacing
(mm) on the mechanical performance of
PSPC SLS parts

The scan spacing refers to the distance between successive
scan lines of laser beam during the printing process. It is an
essential parameter that influences the laser forming on
powder composite as well as the mechanical properties of
the printed parts. Experimentally, scan spacing, alterna-
tively known as hatch spacing or hatch distance, refers
to the separation between two consecutive laser beams.
It is measured as the distance from the center of one
beam to the center of the next beam. Scan spacing is
directly proportional to production speed in SLS proces-
sing and significantly impacts the quality of the resulting
SLS parts. Therefore, studying and evaluating the effect of

Influence of SLS processing parameters on the mechanical performance of PSPC  17
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laser scan spacing on the mechanical properties of PSPC
parts is crucial.

The PSPC specimens were produced with specific para-
meters: the laser power, preheating temperature, layer
thickness, and scanning speed were set to 16W, 78°C,
0.2 mm, and 1.8 m·s−1, respectively. Additionally, the PSP
particle size was selected to be less than 125 μm, with a
consistent mixture ratio of 10/90%. To evaluate the influ-
ence of scanning spacing on mechanical properties of PSPC
SLS pieces, four different levels of scanning spacing were
selected according to the experimental design (Table 1): 0.12,
0.16, 0.2, and 0.24mm, respectively. Test samples were then
fabricated at these specified scanning spacing. Following this,
the mechanical properties of PSPC SLS pieces manufactured
on each scanning spacing level were analyzed.

The test results for mechanical properties, including
DP, surface roughness, impact, tensile, bending, tests, and
density measurements, are detailed in Table 6 and illu-
strated in Figure 7(d). Increasing the laser scan spacing
throughout SLS reduces the sintering area, leading to a
decrease in the energy absorbed by the PSPC. The raised
scan spacing hindered the full melting of the PSPC, resulting
in a decline in bonding interfacial strength between PSP and
PES matrix (Figure 8(j)). Moreover, incomplete melting of the
PSPC resulted from the decreased sintering area, causing an
increase in the sizes of the inner holes within the produced
PSPC SLS pieces (Figure 8(j)). Consequently, the mechanical
strengths of PSPC SLS pieces exhibited a decline with the
increase in scan spacing, as indicated in Table 6. Conversely,
with a smaller scan spacing, the laser beam makes a greater
number of runs on the PSPC, exposing the powder to a higher
amount of energy. This positively affects the bonding inter-
face between PSP and PES powder particles, reducing pores
between PSPC SLS pieces (Figure 8(k)), thus directly enhan-
cing their mechanical properties. However, smaller scan spa-
cing results in a little reduced DP and surface roughness
quality due to increased sintering depth. Conversely, increasing
in scan spacing decreases the sintering depth of the PSPC SLS
pieces, which in turn increases DP in all directions and
enhances surface roughness. Consequently, while DP improves
with increased scan spacing, mechanical strengths decrease
(Figure 7(d)) and (Table 6).

The PSPC SLS part exhibited excellentmechanical strength,
density, DP, and surface roughness when the optimal scan spa-
cing of 0.2mm was employed. This was attributed to the well-
formed sintering neck between PSP and PES particles and a
smoother upper surface of PSPC sintered parts, as shown in
Figure 8(l). However, upon careful analysis, it became apparent
that the effects of varying scan spacing on DP, surface rough-
ness, and mechanical strengths of fabricated PSPC parts pre-
sented an inconsistency: while increasingmechanical strengths,

DP and surface quality decreased. This highlights the necessity
of evaluating the effect of various scan spacing values on
mechanical properties and the importance of selecting an
optimal laser scan spacing that enhances mechanical strength
while maintaining excellent DP and surface roughness quality.
Therefore, it was determined that achieving an optimum scan
spacing is crucial for producing excellent quality PSPC SLS
parts with desirable mechanical strengths, surface roughness,
and DP. These attributes render the parts suitable for applica-
tions in AM technology, particularly in diverse wood-manufac-
turing operations, owing to their excellent mechanical strength,
DP, and surface roughness quality.

All measured mechanical properties, including DP,
impact, tensile, and bending strengths, along with surface
roughness and density, underwent confidence testing. The
results revealed that all measured values fell within the
upper and lower limits of 95% confidence interval, thereby
confirming the reliability and dependability of the results
(Figure 7(d) and Table 6).

3.6 Assessing the influence of layer
thickness (mm) on the mechanical
performance of PSPC SLS parts

Layer thickness, also known as 3D printing layer height or
Z-axis resolution, determines the thickness of each mate-
rial layer, usually measured in millimeters or microns,
affecting part resolution along the Z-axis. Thinner layers
result in finer detail in the printed object. In SLS, layer
thickness is critical as it measures the height of each mate-
rial layer added incrementally until the final geometry is
achieved in the layer-by-layer 3D printing process. The test
specimens were fabricated with specific parameters: a pre-
heating temperature of 78°C, laser power of 16W, scanning
speed of 1.8m·s−1, and scan spacing of 0.2mm. Furthermore,
the PSP particle size was selected to be less than 125 μm, with
a consistent mixture ratio of 10/90%. To assess the influence
of layer thickness on mechanical behavior of PSPC SLS parts,
four distinct levels of layer thickness were selected according
to the experimental design (Table 1): 0.12, 0.16, 0.2, and
0.24mm, respectively. Subsequently, test samples were man-
ufactured at each specified layer thickness. Following produc-
tion, comprehensive testing was conducted to examine the
mechanical properties across the various samples, including
surface roughness, bending, impact, and tensile tests along
with density and DP measurements. The results are detailed
in Table 7 and illustrated in (Figure 7(e)).

The relationship between layer thickness and mechan-
ical performance is evident through data presented in
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Table 7: as layer thickness increases, laser penetration into
the PSPC powder decreases, reducing sintering area and
powder fusion. As a consequence, there is a decrease in the
density and mechanical strength of PSPC SLS pieces due to
the formation of enlarged pores between PSP and PES par-
ticles, as depicted in Figure 8(m). Data in Table 7 confirm
that layer thickness exceeding 0.2 mm leads to insufficient
energy absorption by the PSPC powder bed, resulting in
incomplete melting and increased porosity within parts
(Figure 8(o)). Hence, with an increase in layer thickness,
mechanical strength declines. Beyond a layer thickness of
0.2 mm, there is a noticeable decrease in both density and
mechanical strength of PSPC SLS parts, as shown in Table 7.
This phenomenon is linked to the rise in size of internal
pores and a decrease in interfacial linking between PSP
and PES powders (as depicted in Figure 8(m) and (o)),
resulting in weaker bonding within the final PSPC parts.
Additionally, accumulation of unsintered PSPC powders
between layers distorts sintered parts. The rise in layer
thickness corresponded to a continuous increase in the
quality of DP in X, Y, and Z directions, along with an increase
in the surface roughness of the PSPC SLS parts (as illustrated
in Figure 7(e)). This phenomenon was explained by the reduc-
tion in sintering depth of the PSPC SLS parts. With lesser layer
thicknesses, despite consistent laser output and energy input,
there tended to be an expansion in the sintering area between
the layers, along with the sintering neck and depth of PSPC SLS
parts. Consequently, PSPC parts exhibited higher density and
mechanical strengths at lower layer thicknesses due to reduced
pores and enhanced sintering neck formation between parti-
cles, facilitated by the increased sintering area (Table 7). The DP
and surface roughness of the PSPC sintered parts experienced
minimal change at lower layer thicknesses due to the accumu-
lation of unmelted powder within the parts, resulting from
increased sintering depth and area (Figure 7(e)). An examina-
tion of the results presented in Table 7 and the corresponding
Figures 7 and 8 reveals an inverse relationship between the
mechanical strengths and DP, as well as surface roughness.
This trend is evident as an increase in layer thickness leads
to decreased mechanical strengths, while simultaneously
improving DP and surface roughness in PSPC SLS parts.
Thus, layer thickness demonstrates an inverse relationship
with mechanical strengths and density, but a direct relation-
ship with DP and surface roughness in PSPC SLS parts.

Furthermore, employing a layer thickness of 0.12 mm
in SLS production resulted in PSPC parts exhibiting excep-
tional correlation between mechanical strength, surface
roughness, and DP. This suggests that PSPC parts displayed
excellent mechanical strength and high-quality DP and sur-
face roughness. Therefore, a layer thickness of 0.12 mm is
considered the optimal parameter in this experiment and

is recommended for future applications of PSPC. This
optimal performance is attributed to the superior bonding
strength and good sintering neck formation between PSP and
PES powders within the PSPC matrix (Figure 8(n)). All mea-
sured mechanical properties, encompassing DP, impact, ten-
sile, and bending strengths, in addition to density and surface
roughness, were subjected to confidence testing. The results
demonstrated that all measured values fell within the 95%
confidence interval, thereby confirming the reliability of the
results (Figure 7(e) and Table 7) as they remained consistent
with both their upper and lower limits (Table 7).

3.7 Microstructural analysis of PSPC SLS

This section aims to assess the forming quality and form-
ability of PSPC SLS parts produced under various SLS pro-
cessing parameters. It specifically focuses on evaluating
the size of the sintered neck in the interfacial regions
and the bonding strength between particles, which are
crucial factors for improving the mechanical strength
of SLS parts. The micrograph of fracture surfaces of pure
PSP shows a rough, irregular surface with nonuniform par-
ticle sizes (Figure 4(a)), while pure PES has a flatter, smoother
surface compared to PSP (Figure 4(b)). SEM analysis (Figure 4)
highlighted variations in morphology between PSP and PES
powders particles. Figure 4, revealed that PES powder parti-
cles (Figure 4(b)) exhibited smoother and flatter surfaces
compared to PSP particles (Figure 4(a)), which showed rough
surfaces and irregular shapes. The distinct disparity particle
shapes of PES and PSP powders contribute to their suitability
and compatibility for processing into PSPC composite mate-
rial when combined.

Subsequent SEM examinations of PSPC specimens, pro-
duced under diverse SLS processing conditions (Table 1),
revealed that the morphology distribution and surface
quality of PSPC SLS parts were totally different and often
depend on SLS parameters. The interfacial connecting/
bonding strength between PSP and PES particles showed
improvement with the increase in preheating temperature
and laser power of SLS (Figure 8(a) and (d)). This phenom-
enon is clearly shown in enhancement in mechanical per-
formance (Tables 3 and 4). Moreover, the sintered neck size
between PSPC particles increased, and internal pores within
the PSPC SLS pieces decreased due to complete powder particle
melting (Figure 8(a) and (d)). This led to improved mechanical
strengths and density, along with enhanced inside forming
quality. However, an increase in unsintered powders within
the PSPC SLS parts led to a reduction in DP and surface rough-
ness (Figure 7(a) and (b)). Conversely, reducing the laser power
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and heating temperature in the SLS machine resulted in
decreased mechanical strengths and density, as indicated in
Tables 3 and 4. This decline was associated with increased
internal pores and a reduction in the sintered neck between
particles (Figure 8(c) and (f)). However, optimal utilization
of a preheating temperature of 78°C and a laser power of
16W enhanced the mechanical strengths, DP, and surface
roughness of PSPC parts due to improved sintering neck and
bonding strength between particle powders (Figure 8(b) and
(d)). At these values (78°C and 16W), a positive correlation
between mechanical strengths, DP, and surface roughness
was observed, which confirm that these values represent
the optimum values.

In fact, elevating the laser power and heating tempera-
ture improves heat transfer efficiency, leading to enhanced
energy absorption by the PSPC. This results in a consider-
able enlargement of the sintered neck size and improved
interfacial bonding connecting-strength between PSP and
PES powders, facilitated by complete melting of the PSPC.
Consequently, the density and strengths of PSPC SLS parts
increase, as indicated in Tables 3 and 4. However, it is
important to note that higher preheating temperatures
and laser power levels can cause deformation on the side
surfaces of PSPC SLS parts due to adhesion of unsintered
powders. While density and mechanical strengths of PSPC
parts increase with higher preheating temperatures and
laser power, DP decreases significantly due to increased
sintering depth, as shown in Figure 7(a) and (b). Lower
preheating temperatures and laser power levels result in
insufficient energy absorption during the preheating pro-
cess, leading to diminished heat transfer efficiency. This, in
turn, reduces the bonding strength and sintered neck size
of PSPC, causing expanded internal pores in PSPC SLS
parts, as illustrated in Figure 8(c) and (f), resulting in
decreased density and mechanical strength. Conversely,
higher laser power and preheating temperature levels
lead to improved PSPC sintering depth, enhancing the den-
sity and strength of the PSPC SLS parts, as evidenced in
Tables 3 and 4.

In SLS processing, higher scanning speeds lead to a
shorter sintering time of the laser on the PSPC powder
and this decreases the energy density along the laser scan-
ning line. This leads to insufficient energy absorbed in
PSPC, often preventing complete melting of PSPC powder.
As a result, the interfacial connecting/bonding strength
between PSPC powder particles diminishes, and the size
of internal voids in the solid PSPC SLS parts increases, as
shown in Figure 8(g). Conversely, lower scanning speeds
increase the sintering time of the laser for PSPC, facilitating
complete melting and reducing the internal void size of the
solid PSPC, as depicted in Figure 8(h). Consequently, the

density and strengths of PSPC SLS parts decrease with an
increase in scanning speed, while they increase when the
scanning speed is reduced (Table 5). However, the DP and
surface roughness quality increase with an increase in
scanning speed because of the decrease in deformation
on the upper surface of sintered parts.

The comprehensive analysis reveals an inverse rela-
tionship between scan spacing, scanning speed, and layer
thickness with densities and mechanical strengths, while
demonstrating a direct correlation with DP and surface
roughness of PSPC SLS parts (Tables 5–7).

Increasing the scan spacing reduces the powder sin-
tering area, consequently decreasing the absorbed energy
via PSPC. This prevents full melting of the PSPC, resulting
in weakened interfacial bonding strength of PSP and PES
powder matrix (Figure 8(j) and (i)). Additionally, higher
scan spacing leads to enlarging of internal pores, weak-
ening of bonding strength, and resulting in decreasing
the mechanical strengths in the produced PSPC SLS pieces
(Table 6). However, reducing the scan spacing directly rises
the powder sintering area and enhances the absorbed
energy via PSPC, minimizing internal pores and enhancing
the interfacial bonding strength of PSPC particles (Figure
8(k)), resulting in increased density and mechanical strength
of PSPC pieces (Table 6). Conversely, surface roughness rate
and DP of PSPC SLS pieces are affected when the powder
sintering area increases because of increase in sintering
depth, caused by reducing the scan spacing. Thus, to achieve
good mechanical strength, excellent DP, and superior surface
roughness, it is necessary to use an optimal scan spacing in
SLS parameters.

Increasing the layer thickness often enlarges the inner
pores of PSPC SLS pieces because of increasing the distance
between layers, creating voids that weaken the interfacial
bonding between PSPC particles (Figure 8(m)). Consequently,
higher layer thickness results in a more significant decrease
in density and strengths of the PSPC SLS pieces (Table 7),
weakening the bond in the final PSPC produced parts. This,
in turn, increases the presence of unsintered PSPC powders
between layers, causing distortion within the PSPC sintered
parts. Conversely, reducing the layer thickness improves
the interfacial bonding between particles (Figure 8(n)),
enhancing both density and mechanical strengths as indi-
cated in Table 6. However, the DP and surface roughness
are affected because of the increase in sintering depth of
PSPC SLS pieces (Figure 7(e)). However, when applying
the optimal 0.2 mm of layer thickness, the interfacial
bonding strength between particles along with upper sur-
face roughness were enhanced significantly (Figure 8(o)),
resulting in significantly improved surface roughness, DP,
and mechanical strength.
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The SEM images in Figure 8(b), (d), (i), (k), and (o) depict
microstructural analysis of PSPC SLS parts produced under
specific parameters: preheating temperature of 78°C, laser
power of 16W, scan speed of 1.8m·s−1, scan spacing of
0.12 mm, and 0.2 mm of layer thickness. Under these condi-
tions, PSP and PES particles show uniform distribution
without visible agglomeration, and the upper surface exhi-
bits good bonding and smoothing. Notably, the bonding
interface between PSPC and sintering neck, along with
upper surface roughness, are significantly improved
compared to other samples. Consequently, this leads to
increased density and mechanical strengths (Tables 3–7),
as well as good DP and the best-quality surface rough-
ness value.

This underscores the importance of selecting appro-
priate SLS parameters to improve the bonding strength
between particles and enhance the overall mechanical per-
formance of PSPC SLS pieces. Therefore, the PSPC parts
that were produced under the specified conditions: pre-
heating temperature of 78°C, laser power of 16W, scan
speed of 1.8 m·s−1, scan spacing of 0.12 mm, and layer thick-
ness of 0.2 mm demonstrate potential for application in
AM, especially in different wood-manufacturing opera-
tions, given their favorable combination of mechanical
strength, surface roughness, and DP in PSPC SLS parts.

4 Conclusion

This manuscript aims to improve the mechanical perfor-
mance of a sustainable PSPC material fabricated via SLS.
The goal is to expand the range of materials suitable for
SLS, particularly by utilizing low-cost biomass waste mate-
rials instead of burning them for disposal. To enhance the
mechanical properties of PSPC SLS parts, a thorough exam-
ination of various SLS processing parameters was conducted,
and their effects on mechanical properties were analyzed.
These parameters included preheating temperature, laser
power, scanning speed, layer thickness, and scan spacing,
all aimed at enhancing the overall mechanical properties of
the resulting PSPC SLS parts. Consequently, the following con-
clusions were drawn from this investigation:

Mechanical strength tests on experimental PSPC parts
revealed that SLS processing parameters significantly affect
performance metrics such as density, impact strength, surface
roughness, bending strength, DP, and tensile strength. An
inverse correlation was found between mechanical strength
and both DP and surface roughness, indicating that as mechan-
ical strength increases, DP and surface roughness decrease.
Optimizing SLS parameters can enhance themechanical quality

of PSPC parts, making them more suitable for AM applications,
especially in wood-related industries.

Increasing the heating temperature and laser power
improved the impact, tensile, and bending strengths of the
PSPC parts while also enhancing density. However, this
resulted in lower DP and surface roughness, as shown in
Tables 3 and 4 and Figure 7(a) and (b). Conversely, scan-
ning speed, scan spacing, and layer thickness were inver-
sely related to mechanical strengths and density, while
directly affecting DP and surface roughness, as illustrated
in Tables 5–7 and Figure 7(c)–(e).

The comprehensive experimental analysis reveals a
consistent contrary correlation between the mechanical
strengths, DP, and surface roughness of PSPC SLS pieces.
This underscores the critical influence of SLS processing para-
meters on the quality of PSPC sintered parts. Therefore, opti-
mizing these parameters is essential to fabricate superior quality
PSPC parts characterized by elevatedmechanical strength, excel-
lent DP, and favorable surface roughness. Consequently, PSPC
parts produced under the specified conditions, i.e., preheating
temperature of 78°C, laser power of 16W, scan speed of 1.8m·s−1,
scan spacing of 0.12mm, and layer thickness of 0.2mm demon-
strate potential for use in AM due to their excellent mechanical
strength, surface roughness, and DP.

The experiments included SEM testing for all PSPC SLS
parts manufactured under diverse SLS processing para-
meters. This step aimed to examine the morphology quality
of sintering necks between powder particles of PSPC parts.
The objective was to validate and enhance the reliability of
the mechanical testing results through logical interpreta-
tions derived from the SEM test outcomes. PSPC SLS parts
manufactured under optimal SLS parameters exhibited
superior mechanical properties, DP, and surface roughness
compared to those produced under identical conditions
and even surpassed pure PES SLS parts (Figure 9). The
potential applications for the produced PSPC extend to
wooden flooring, furniture production, roofing, and other
relevant AM projects.
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