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In this study HDPE specimens were fabricated by selective laser sintering using different particle sizes to obtain 
controlled variations in the porosity. Electron microscopy, density measurements and mechanical analyses were 
conducted for the characterization of the specimens. Parts with controlled pore gradients were also manufactured 
and characterized. The specimens with larger particle sizes had a high sintering degree and a significant level of 
close pores, as shown by microscopy and density analyses. However, the mechanical properties of specimens 
prepared with large particles had low values due to the limited density of union points, i.e., low neck number/area. 
HDPE parts with pore gradients were prepared by selective laser sintering demonstrating that this technique can 
be used to easily control the structure and the properties of the parts manufactured. This technology may have 
applications in areas such as drug delivery devices and scaffolds for tissue engineering. 
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1. Introduction

Rapid manufacturing technologies include a group of fabrica-
tion processes through which complex geometries can be built layer 
by layer, with controlled structures, such as those found in porous 
thermal systems and bone tissue1-8. In selective laser sintering (SLS), 
objects are built layer by layer using infrared laser beams to process 
powder materials. The selective laser sintering process can be used to 
manufacture parts with metals, ceramics or polymer powders. 

The structure and properties of the parts to be manufactured 
by selective laser sintering should be considered according to their 
application. The level of control over the microstructure of the SLS 
parts depends on the process parameters, particularly the powder 
properties1-2, since these can influence other parameters. Particle 
shape and size distribution influences the powder packing density, 
while the melting flow behavior and the thermal stability define the 
laser power and scan speed1,2,14.

The use of polymeric materials in the SLS process offers some 
advantages over metallic and ceramic materials, which are related 
to the low processing temperatures, melting flow control and high 
corrosion resistance. However, the variety of commercial polymeric 
materials available for the SLS process is restricted and this reduces 
the options available during material selection for the manufacturing 
of particular parts. The use of non-commercially available polymers 
and mixtures of polymers can increase the range of properties and 
applications of the SLS parts9-14.

A previous study evaluated the use of the selective laser sinter-
ing process for the rapid manufacturing of polyethylene, polyamide 
and hydroxyapatite composites with potential application in tissue 
engineering14. Composites of polyamide and polyethylene with hy-
droxyapatite were prepared in SLS apparatus, adjusting the process 
parameters according to the desired structure and properties. Different 
structures were produced with controlled porosity (55 to 35%) and 

interconnected pores from 50 to 150 µm, depending on the process 
parameters and hydroxyapatite content. The possibility to obtain con-
trolled structures and properties using the SLS process can improve 
the development of new applications in tissue engineering. 

In the tissue engineering field, scaffold structures have been the 
focus of research involving human tissue regeneration. The develop-
ment of materials and manufacturing techniques to efficiently produce 
scaffolds with controlled composition, porosity and properties is of 
great interest in the drug delivery and tissue regeneration areas13-17. 
Polymers with different particle sizes can be used to obtain function-
ally graded scaffolds through SLS with controlled structures and 
properties by selecting the particle size for specific regions. This study 
investigates the fabrication by SLS of HDPE specimens with differ-
ent particle sizes to obtain variations in the porosity. The specimens 
were characterized by electron microscopy, porosity measurements 
and mechanical analyses. Parts with pore size gradients were also 
constructed and characterized.

2. Materials and Methods

The powder polymer used in this study was high density polyeth-
ylene HDPE, HD7555 Ipiranga, with a melting temperature (Tm) of 
127.7 °C (according to differential scanning calorimetry). The particle 
size ranges used were: 106-125; 150-212 and 212-380 µm. 

The HDPE specimens were prepared by SLS with 35 x 5 x 1.4 mm 
size. The specimens with particle sizes of 106-125 µm and 150–212 µm 
were built with 200 µm layers. The specimens with particle size 
212-380 µm were built with 400 µm layers. The selective laser sintered 
specimens were produced with 0.44 J.mm-2 of density energy. The 
chamber temperature was 95 °C and laser scan speed was 44.5 mm/s. 

The morphology of the specimens was examined with a scanning 
electron microscope (SEM), Phillips XL30. The specimen surfaces 
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after the SLS process, and the cryogenic fracture surface and flexural 
fracture surface of the samples were investigated. The specimens were 
coated with gold in a Bal -Tec Sputter Coater SCD005. 

The apparent density was obtained in a pycnometer of 50 cm3. The 
average value was obtained from four samples with 35 x 5 x 1.4 mm size. 
The time of immersion in iso-propanol was four hours. The volumetric 
density was calculated using the size and mass of the specimens. 

The specimens were tested in single cantilever mode using 
a dynamic mechanical analyzer, DMA Q800. The samples used 

had 18 mm length, 5 mm width and a thickness between 1.37 and 
1.47 mm. The stress versus strain curves were obtained at 25 °C and 
1 mm/min strain rate. 

3. Results and Discussion 

Figure 1 shows the micrographs of the HDPE specimen surface 
and its cryogenic fracture. The SEM analysis showed that the sin-
tered specimens with particle sizes of 106-125 and 150-212 µm had 
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Figure 1. Micrographs of HDPE specimens surface (left) and its cryogenic fracture (right).
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interconnected pores distributed throughout their structures. The 
specimens prepared with a particle size of 212-380 µm showed ir-
regularities in their structure, probably due to difficulties encountered 
in the deposition process during the SLS. 

The sizes of the pores observed in the specimen micro-structures 
were a function of the particle size used in the preparation of these 
specimens. The specimens with particle sizes of 106-125, 150-212 
and 212-380 µm had average pore sizes of 200, 300 and 500 µm, re-
spectively. The micrographs of the cryogenic fracture surfaces showed 
that the particles are well united by an intense neck formation in all 
specimens. The process conditions used in the specimen preparation 
resulted in micro-structures with a high sintering degree. 

Table 1 gives the theoretical, volumetric and apparent den-
sity values for the HDPE specimens prepared with different par-
ticle sizes. The volumetric densities of the HDPE specimens were 
0.512, 0.560 and 0.490 for particle sizes of 106-125, 150-212 and 
212-380 µm, respectively, which indicates a significant level of po-
rosity (≈35%). The apparent densities of the HDPE specimens were 
0.774, 0.749 and 0.729 for particle sizes of 106-125, 150-212 and 
212-380 µm, respectively, which indicates that the specimens with 
larger particle sizes had lower open porosities, i.e., higher densifica-
tion due to the lower heating dissipation by conduction and convection 
mechanisms during the laser sinterization. 

Figure 2 shows stress versus strain curves for the specimens 
fabricated with different particle sizes. The 106-125 µm particle size 
specimens had a higher average elastic modulus and tensile strength 
than the 212-380 µm particle size specimens, as expected due to the 
degree of sintering and the number of necks per area. The results 

suggest that the strength of the samples decreased with the increase 
in particle size. Particles with smaller sizes have a larger superficial 
contact area, contributing to the particle connections, forming a higher 
number of the necks per area. 

The average value for the Young’s modulus decreased from 105.1 
to 84.4 MPa from the 106-125 µm to the 212-380 µm particle size 
specimens. The 150-212 µm particle size specimens had intermedi-
ate values for the Young’s modulus. An analogous behavior was 
observed for tensile strength for all samples studied, as shown in 
Table 2. On the other hand, the average strain of the 212-380 µm 
particle size specimens was higher than that of the 106-125 µm 
particle size specimens.

Figure 3 shows micrographs of the fracture surface at different 
magnifications after mechanical testing of a 212-380 µm particle size 

Table 1. Values of theoretic, volumetric and apparent density of the HDPE 
specimens prepared with different particles size.

Particle size 
(µm)

ρ
theoretic

 
(g.cm-3)

ρ
volumetric

 
(g.cm-3)

ρ
apparent

 
(g.cm-3)

106-125 0.950 0.512 0.774

150-212 0.950 0.560 0.749

212-380 0.950 0.490 0.729

Table 2. Average mechanical properties of the HDPE specimens prepared 
with different particles size.

Particles size 
(µm)

Elastic modulus 
(MPa)

Ultimate strength 
(MPa)

Failure 
deformation 

(%)

106-125 105.1 67.19 12.95

150-212 103.6 52.44 13.07

212-380 84.4 49.47 13.42
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Figure 2. Stress versus strain curves for the HDPE specimens prepared with 
different particles size.
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Figure 3. Fracture surface of the HDPE samples fabricated with particles 
of 212-380 µm.
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specimen. We can observe that only a low number of necks per area 
were formed during the sintering process due to the particle size. An 
extraction in cross section of the particles was observed close to the 
fracture surface. The fracture surface micrograph shows character-
istic features of ductile failure with plastic deformation, which was 
observed particularly in the neck regions. Shear and cavitation are 
evident in the plastic deformation region, suggesting chain slippage 
as the failure mechanism in this region, where the flaw propagation 
speed is reduced by the stress release.

Figure 4 shows the part with a pore size gradient (100 up to 
500 µm), which was obtained by laser sintering using the processing 
parameters previously defined. The HDPE part with pore gradients 
showed an increase in pore size and a decrease in strength as the 
particle size increased, as observed for individual specimens. 

The use of SLS to prepare parts and components with gradients 
of structures and properties is possible and this can improve the 
development of applications in new porous material areas, such as 
thermal systems and bone tissue.

4. Conclusions

The characterization of HDPE specimens prepared by SLS us-
ing different particle sizes showed that the pore size is a function of 
the particle size and the sintering degree. The specimens with larger 
particle size had a higher sintering degree and a significant level of 
close pores, as shown by microscopy and density analyses. However, 
the mechanical properties of specimens prepared with larger particles 
had lower values due to the limited number of union points, i.e., low 
neck number/area.

HDPE parts with pore gradients were prepared by selective laser 
sintering demonstrating that this technique can be used to easily 
control the structure and the properties of the parts manufactured. 
This technology may have applications in areas such as drug delivery 
devices and scaffolds to tissue engineering. 
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Figure 4. Images of the part with controlled pore size gradients made by the 
SLS of different particles size (106-125, 150-212 and 212-380 µm). 
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