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FABRICATING METAL POWDER FILTERS WITH MATERIAL EXTRUSION ADDITIVE MANUFACTURING

Metal powder filters are key components in semiconductor manufacturing equipment that play a critical role in preventing
the ingress of impurities and fine particles that may be contained in process gases. With the increasingly advanced development
of the semiconductor industry, metal powder filters also require more precise and advanced performance. Therefore, in this study,
a filter with a honeycomb structure morphology with crossed top and bottom was fabricated by a material extrusion additive
manufacturing (MEAM) process. To achieve this, the prepared pellets were subjected to the MEAM, allowing the creation of filters
with complex shapes featuring crossed top and bottom structures. After polishing the surface of the specimen, solvent debinding
and thermal debinding were performed to remove the binder. Solvent debinding was performed in n-Heptane for 24 hours, while
thermal debinding was performed in an Ar atmosphere at a maximum temperature of 800°C. The debinded specimens were sintered
under a high vacuum atmosphere at temperatures of 850°C, 950°C, and 1050°C, respectively. The prepared metal powder filters
were examined for filter morphology and microstructure using optical microscopy, and pore properties such as porosity and air

permeability were evaluated.
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1. Introduction

Filters made from porous materials are utilized across
various industries, including chemicals, biotechnology, auto-
motive, energy, environment, and semiconductors [1-6]. The
advancement and sophistication of the semiconductor industry
have led to increased demands for precision in manufacturing
processes. In semiconductor manufacturing, maintaining an
ultra-clean environment is essential for achieving fine patterns
and structures, making the purity and quality of the gases used
closely related to the performance of the produced semiconduc-
tors. Among these, filters used in the semiconductor industry are
critical components that prevent impurities from entering during
the gas flow from gas supply facilities through gas distributors
to semiconductor production equipment, thereby maintaining
process purity, ensuring process stability, protecting equipment,
and enhancing product reliability [7-8].

Recently, as the semiconductor process industry has de-
veloped, the performance criteria for gas filters have also risen.
For example, in nanoscale processes, filters capable of removing
ultra-fine particles are required, necessitating filters with precise

pore structures and high air permeability. As a result, tradi-
tional simple disc-type or cylindrical tube filters have become
inadequate, requiring more complex and precise filter designs.
Existing conventional methods face limitations in implementing
complex-shaped filters, leading to an increasing focus on filter
manufacturing using 3D printing technology [9-11].

Metal-based additive manufacturing (AM) processes can
be categorized according to the type of energy source employed:
beam-based processes (e.g., Powder Bed Fusion (PBF) and Di-
rected Energy Deposition (DED)) and beamless processes that
do not utilize high-energy beams.

PBF and DED selectively melt metal powders using high-
power lasers or electron beams, making them well suited for
fabricating dense and high-strength metal components. However,
these processes often involve local high-temperature exposure,
which can induce thermal and residual stresses, require expensive
equipment, and entail complex process control.

As an alternative to overcome these limitations, this study
adopts the Material Extrusion Additive Manufacturing (MEAM)
process. MEAM is a beamless technique in which materials are
extruded by thermal softening, without the use of high-energy
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beams. This method offers advantages such as simple system
configuration, lower equipment costs, and broad material
compatibility. In particular, the absence of laser-based systems
significantly reduces initial investment requirements. Further-
more, MEAM eliminates the need for mold fabrication, making it
highly suitable for prototype production, and provides excellent
design flexibility for implementing complex structures [12-18].

In this study is to manufacture filters with more complex
structures than conventional cylindrical filters to improve one of
the key performance characteristics of filters: air permeability.
To this end, a filter with a honeycomb structure morphology fea-
turing crossed top and bottom was fabricated using the MEAM
process. Furthermore, the particle sizes of SUS316L powder
used in the pellets were varied at 8 pum and 50 pm to control the
pore characteristics of the filter.

2. Experimental

A schematic diagram of the process for manufacturing
the honeycomb-structured filter with crossed top and bottom
is shown in Fig. 1. In this study, two types of pellets made from
SUS316L powder were prepared and then manufactured into
a metal powder filter using a MEAM process. Initially, two
types of pellets were prepared by mixing a binder with SUS316L
powders of different sizes (TABLE 1). The SUS316L powder
sizes used were 8 pm and 50 um, and the binder contents for the
pellets were mixed at 7.31 wt.% and 13.66 wt.%, respectively.
The prepared pellets were used in the MEAM process to manu-
facture honeycomb-structured filters with 4-channel and 9-chan-
nel configurations, where the top and bottom ends were blocked
in a crossed manner. The MEAM process was carried out using
anozzle diameter of 0.4 mm. The extrusion temperature and bed
temperature were maintained at 175°C and 65°C, respectively.

Pelletizing (SUS316L powder + Binder)

4

3D Printing - MEAM
(Material Extrusion Additive Manufacturing)

4

Solvent-Debinding (For 24 h, n-Heatane)

4

Thermal-Debinding (Max Temp. 800 °C, Ar condition)

. 4

Sintering (850, 950, 1050 °C, 1 hr, High vacuum)

4

Characteristic analysis

Fig. 1. Schematic of SUS316L Gas filter made with MEAM process

The extrusion speed was set to 35 mm/sec, and the layer height
(interlayer spacing) was controlled at 125 pm. These printing
parameters were optimized to ensure consistent extrusion and sta-
ble layer stacking throughout the fabrication process. To prevent
air flow obstruction and ensure smooth gas movement caused
by potential interlayer irregularities during the layering process
using the MEAM method, the surface of the specimens was
polished. According to their respective shapes, the specimens
were named the 4-channel type and 9-channel type. After the
polishing process, the specimens underwent solvent debinding
and thermal debinding to remove the binder. Solvent debinding
was conducted in an n-Heptane solution for 24 hours, followed
by thermal debinding in an argon atmosphere at a maximum tem-
perature of 800°C. The debinded specimens were then sintered
in a high vacuum atmosphere at temperatures of 850°C, 950°C,
and 1050°C for one hour each to assess the effects of sintering
temperature on the filters. The sintering temperature should be
set higher than the particle neck formation temperature but lower
than the melting point. Within this range, the particles can bond
sufficiently while maintaining the pore structure. Excessively
high sintering temperatures can lead to excessive densification
of the particles, resulting in the loss of the pore structure, while
excessively low temperatures may result in insufficient particle
bonding, degrading the mechanical properties. Therefore, the
sintering temperature was set to a value lower than the melting
point of SUS316L (approximately 1370°C), while still being
high enough to allow for adequate neck formation.

The completed sintered filters were analyzed for pore
characteristics using a capillary flow porometer (CEP1200AEL,
PMI, USA) to measure air permeability, and optical microscopy
(OM, Nikon ECLIPSE MA200, JAPAN) was employed to
observe the microstructure. The pore sizes and porosity were
measured using the ImagelJ program based on the particle size
and sintering temperature.

4-channel and 9-channel specimens

4-channel

9-channel




TABLE 1

The percentage of binder content by weight based on the powder
particle size

Filament Powder (wt.%) Binder (wt.%)
8 um 92.69 7.31
50 pm 86.34 13.66

3. Results and discussion

Fig. 2 shows the changes in surface roughness of the filters
manufactured through the MEAM process. In Fig. 2(a) shows
the specimen before polishing, Fig.2(b) shows the specimen after
polishing, demonstrating a significant improvement in surface
smoothness. The graph on the right illustrates the surface rough-
ness (Ra, pm) before and after polishing. Before polishing, the
roughness of each specimen was approximately 20 to 25 pm,
but after polishing, all specimens exhibited a roughness of about
1 um. This confirms that the polishing process effectively re-

Polished

As printed

(a)
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duced surface roughness, thereby enhancing the surface quality
of the specimens.

In addition to visual improvements, the effect of polishing
on surface roughness has functional implications for filter perfor-
mance. During permeability and filtration testing, the presence
of irregularities and protrusions on the outer surface — resulting
from the layer-by-layer nature of the MEAM process — can dis-
rupt the smooth flow of air from the external environment into
the internal channels of the filter. After polishing, the smoother
external surface significantly reduces these flow obstructions.
As aresult, the improved surface finish facilitates more uniform
and efficient airflow through the filter. Therefore, polishing con-
tributed not only to surface quality enhancement but also to the
overall functional performance of the filter, especially in terms
of air permeability. [22]

Fig. 3 shows (a) the microstructural images and (b) the po-
rosity graph according to particle size and sintering temperature.
Fig. 3(a) shows the microstructures of specimens made using
different particle sizes (8 um and 50 pm) after sintering at 850°C,
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Fig. 2. (a) Before polishing and after polishing of SUS316L gas filter specimen made by MEAM process. (b) Roughness (Ra, pm) before and

after polishing
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Fig. 3. (a) Microstructure Based on Powder Size and Sintering Temperature, (b) Porosity Based on Powder Size and Sintering Temperature
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950°C, and 1050°C. It can be observed that as the sintering
temperature increases, the number of pores in the microstructure
decreases. Additionally, comparing the specimens made with
8 um and 50 um powders at the same sintering temperature
reveals that the 50 um specimens have larger and more abun-
dant pores. Fig. 3(b) shows the change in porosity according to
microstructure, indicating that porosity decreases as the sinter-
ing temperature rises, and for the same sintering temperature,
specimens made with 50 um powder exhibit higher porosity. This
phenomenon can be interpreted as an effect of powder particle
size and sintering temperature on microstructure and porosity.

Fig. 4 presents a quantitative analysis of air permeability
as influenced by powder size, structural geometry, and sintering
temperature. Regarding powder size, specimens fabricated using
50 um powder consistently exhibited higher air permeability
than those made with 8 pm powder under identical processing
conditions. This can be attributed to the larger interparticle spac-
ing of the 50 um powder, which led to less densification during
sintering. As a result, the specimens retained higher porosity,
which in turn enhanced their air permeability. Larger particles
tend to form coarser pore networks, thereby facilitating fluid
transport through the porous matrix.

In terms of sintering temperature, a general trend of de-
creasing air permeability was observed with increasing sinter-
ing temperature. At elevated temperatures, intensified diffusion
between particles promotes neck growth and grain coalescence,
resulting in the closure of micropores. Notably, specimens sin-
tered at 1050°C showed a pronounced reduction in permeability
across most conditions, due to the advanced densification and
reduced pore interconnectivity.

For the analysis of geometry-dependent air permeability,
a comparison was conducted among filters fabricated with 50 pm
powder and sintered at 950°C, including the 4-channel and
9-channel filters produced by 3D printing and a commercially
manufactured cylindrical tube filter produced by the conven-
tional press method. The 9-channel filter exhibited superior air
permeability relative to the 4-channel design, which is ascribed

to its more complex structure offering a greater number of flow
paths. The increased number of channels effectively enhances
the permeability by expanding internal flow routes.

Furthermore, under identical testing conditions, both the
4-channel and 9-channel filters fabricated via 3D printing exhib-
ited higher air permeability than the pressed tube-type filter. This
can be explained by the limited design flexibility of the press
method, which typically yields simple geometries. In contrast, the
MEAM (Material Extrusion Additive Manufacturing) technique
enables the realization of more complex and open internal archi-
tectures that are more favorable for gas flow. Whereas tube-type
filters allow only unidirectional flow within a cylindrical cavity,
the honeycomb-structured channel filters produced in this study
support multidirectional flow, increasing the effective filtration
area and simultaneously reducing pressure drop.

In conclusion, Fig. 4 demonstrates the significant effects
of particle size, sintering temperature, and filter geometry on air
permeability. The results provide experimental validation that
complex structural designs enabled by additive manufacturing
can achieve enhanced performance compared to conventional
commercial filters. These findings suggest that the integration
of geometric optimization with additive manufacturing tech-
nologies will be a key strategy for the next generation of high-
performance metal filter design.

The influence of pore structure on filtration behavior can
also be theoretically described using Darcy’s law, which relates
fluid flow through a porous medium to its permeability:

Q=(kAAP)/ (uL)

where Q is the volumetric flow rate, k& is the permeability of the
porous medium, 4 is the cross-sectional area, AP is the pressure
difference across the filter, 4 is the fluid viscosity, and L is the
filter thickness. According to this model, the permeability
(k) — which depends on the pore structure — directly affects the
flow rate and, indirectly, the filter’s capacity to retain particles.
While filtration efficiency was not directly measured in this
study, the pore characteristics analyzed herein (size, distribu-
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Fig. 4. Porosity Characteristics Based on Sintering Temperature and Shape



tion, and connectivity) are indicative of the filter’s potential
performance in particle capture applications [19-21].

In this study, the evaluation primarily focused on perfor-
mance metrics such as air permeability. However, to enable
practical implementation in high-purity applications such as
semiconductor manufacturing, further investigations are re-
quired. These should include quantitative assessments of me-
chanical stability, including compressive and flexural strength,
which are planned for future work.

4. Conclusions

In this study, metal powder filters with 4-channel type and
9-channel type configurations, featuring crossed top and bottom
structures, were successfully manufactured using the MEAM
process from pellets made with 8 um and 50 pm powder sizes.
The surface roughness of the filters was significantly reduced
through the polishing process, confirming the effectiveness of
this method in enhancing surface quality. Furthermore, observa-
tions of microstructure and porosity changes according to powder
size and sintering temperature revealed that as sintering tem-
perature increases, the porosity decreases, while larger powder
sizes resulted in more porosity. Notably, specimens made with
50 um powder exhibited larger pores and higher porosity. The
air permeability tests indicated that specimens made with 50 pm
powder showed higher air permeability compared to those made
with 8 pm powder, particularly at lower sintering temperatures.
Additionally, the 9-channel configuration demonstrated greater
air permeability than the 4-channel configuration, attributed to
improved fluid flow in the 9-channel structure. Overall, these
experimental results highlight that powder size, sintering tem-
perature, and channel shape significantly influence the porosity
and air permeability of filters, and that utilizing larger particles
and complex structures can yield higher air permeability, making
these factors critical considerations for future filter design and
manufacturing processes.
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