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Microstructure and Pore characteristics of a sus316L Gas fiLter fabricated  
by Wet PoWder sPrayinG

in this study, a flake-shaped metal powder was coated on a tube shaped pre-sintered 316L stainless steel support using a wet 
powder spraying process to fabricate a double pore structure, and the pore characteristics were analyzed according to coating time 
and tube rotation speed. The thickness of the coated layer was checked via optical microscopy, and porosity was measured using 
image analysis software. air permeability was measured using a capillary flow porometer. as a result of the experiment, the optimal 
rotation speed of the support tube was established as 200 rpm. when the rotation speed was fixed, the coating thickness and the 
coating amount of the double pore structure increased as the coating time increased. The porosity of the double pore structure was 
increased due to the irregular arrangement of the flake-shaped powder. The air permeability of the double pore structure decreased 
with increasing fine pore layer thickness. 
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1. introduction

with the steady development of personal computer and 
smartphone technology since the 1980s, the amount of research 
on core components of the semiconductor manufacturing process 
has grown exponentially. also, as the degree of integration of 
semiconductor devices has increased, circuit line widths have 
become finer, and accordingly, an ever higher purity of materi-
als used in the manufacturing process is required. in particular, 
the purity of the gas used in the semiconductor manufacturing 
process determines the productivity and performance of the semi-
conductor device [1]. in order to supply a high-purity process 
gas in the semiconductor manufacturing process, particles that 
may be included in the gas must be removed and the high-purity 
gas must be supplied. Therefore, it is important to develop an 
effective gas filter for use in semiconductor manufacturing [2,3]. 

gas filters made of polymers and ceramic materials have 
limited usage environments due to the inherent properties of 
these materials. Metal filters, on the other hand, can be applied 
in high-temperature, high-pressure, and corrosive environments 
[3]. Metal filter manufacturing methods include uniaxial press-
ing, cold isostatic pressing, and metal injection molding using 

metal fiber [4] and metal powder [5,6]. when a metal filter is 
manufactured using metal fibers, there is a disadvantage in that 
the pore structure is very simple and expensive. in contrast, 
a metal filter manufactured using metal powder has excellent 
filtration ability due to its complex pore structure. However, 
pressure loss is relatively high. Therefore, it is necessary to 
manufacture a metal powder filter with high filtration efficiency 
and low pressure drop. There have been attempts to manufacture 
a gas filter having a double pore structure that includes coarse 
pores and fine pores by using a metal powder that can be used at 
high temperatures and which has excellent corrosion resistance. 
The material SuS316L has excellent corrosion resistance and is 
a widely used material for semiconductor process gas delivery 
components. 

in this study, the objective was to fabricate a metal filter with 
a high filtration efficiency and a low pressure drop by double 
pore structure of fine pores and coarse pores using a wet powder 
spraying (wPS) process [7]. Flake-shaped SuS316L powder was 
coated on the outer surface of a tube-shaped support made of 
irregularly-shaped SuS316L powder using wPS, and the pore 
characteristics according to tube rotation speed and coating time 
were studied.
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2. experimental 

This research used a tube shape filter (Φ30 mm × 70 mm) 
with coarse pores fabricated using cold isostatic pressing (CiP) 
of the SuS316L powder manufactured by water atomizing as 
support. The CiP process involved loading the powder into 
the mold, charging the mold filled with the metal powder into 
the equipment, pressurizing the mold at a high pressure of 
 1,000-3,000 bar, and then removing the molded body from the 
mold. using CiP, a support having a porosity of about 25-35% 
could be prepared.

Fig. 1 shows the flake-shaped powder and the tube-shaped 
support as well as, a schematic diagram of the wPS process us-
ing metal powder slurry. The wPS process is a technology that 
sprays slurry onto a tube support using a spray gun, allowing 
multiple tubes to be coated in just one spray. in this research, 
as reflected in TabLe 1, an experiment was conducted that 
included slurry flow rate and air pressure as fixed variables. 

The tube rotation speed was varied (150, 200, and 250 rpm), 
and the coating thickness was checked to find the optimal rota-
tion speed. after fixing the rotation speed, the coating time was 
changed to 35.1, 58.5, and 81.9 sec, and the coating amount, 
coating thickness, porosity, and permeability were measured. 
The coating thickness of the metal powder filter was measured 
with an optical microscope (nikon eCLiPSe Ma200, JaPan), 
and the porosity was measured using an image analysis program 
(iSolution DT x64) that took optical microscope images for its 
source data. in addition, the measurement of air permeability 
was analyzed with a capillary flow porometer (CFP1200aeL, 
PMi, uSa).

3. results and discussion

First, as shown in the cross-sectional structures of Figs. 2 
and 3, it can be confirmed that a metal powder filter having 
a double pore structure was made by using the wPS process. 
also, it can be seen that the pore size of the fine porous layer is 
smaller than that of the coarse porous layer and forms a more 
complex flow path. in order to form a uniform fine porous layer 
on the surface of the tube-shaped support, the support should be 
rotated. if the tube rotation speed is too fast, the metal powder 
slurry sprayed through the spray nozzle may bounce off and fail 
to coated. Therefore, it is important to find an appropriate rota-
tion speed according to the metal powder slurry being sprayed.

Fig. 2 shows the microstructure of a metal powder filter 
having a double pore structure according to tube rotation speed. 
it can be seen that when the rotation speed of the tube increases 
from 150 rpm to 200 rpm, the thickness of the fine porous layer 
increases from 154.76 μm to 179.89 μm and then decreases to 
124.17 μm at a rotation speed of 250 rpm. As expected, if the 
tube rotation speed is as high as 250 rpm, the coating thickness 
formed will be thin because the amount of powder that bounces 
off increases when the slurry sprayed through the spray nozzle 
is coated on the surface of the support. Subsequently, looking 
at the correlation between the coating amount and the coating 
thickness according to the tube rotation speed, as seen in the 
microstructure, 2.06 g is coated on the support when coating is 
performed at a speed of 150 rpm, and 2.14 g is coated on the 
support when coating is performed at a speed of 200 rpm. and 
when coating at a speed of 250 rpm, 1.63 g is coated on the sup-
port. it was confirmed that coating amounts increased between 
150 rpm and 200 rpm, but when coating at a speed of 250 rpm, 
the amount of coating becomes smaller and the coating thick-
ness becomes thinner because more powder has bounced off. 
Therefore, it was found that the coating should be performed 
at an appropriate tube rotation speed during the wPS process. 
based on these results, subsequent experiments were conducted 
for other variables while rotating the support at the optimal tube 
rotation speed (200 rpm). 

Fig. 3 shows the microstructure, coating amount, and coat-
ing thickness change of the metal powder filter having a double 
pore structure according to coating time. as the coating time 

Fig. 1. Schematic diagram for the fabrication of metal powder filter 
using wet powder spraying

TabLe 1
wet powder spraying experiments conditions

support
exterior diameter (30 mm), 
inner diameter (25.5 mm), 

Length (70 mm)
Spray nozzle type vortex (atomax bn160)

binder MC 8 wt.% + Distilled water  
92 wt.%

Slurry (wt.%) Powder 40 + binder solution 20 
+ ethanol 40

Slurry flow rate (ml/min) 200
air pressure (MPa) 0.09

Distance between nozzle tip  
and tube (mm) 270

width of movement (mm) 350
nozzle moving speed (mm/sec) 299.15
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increases to 35.1 sec, 58.5 sec, and 81.9 sec, the coating amount 
increases to 2.14, 3.67, and 4.74 g, respectively, and it can be 
seen that the coating thickness also increases to 179.89, 230.95, 
and 412.38 μm.

Fig. 4 shows the porosity and air permeability character-
istics of the support manufactured using the CiP and the metal 

powder filter having a double pore structure manufactured by 
coating the flake powder on the support using the wPS process. 
it shows that the porosity increases from 35.5% to 51.2% as the 
coating time increases from 35.1 sec to 81.9 sec. This seems to be 
because when the flake-shaped powders are spray-coated in the 
vertical direction to the support surface during the wPS process, 

Fig. 2. The cross-sectional structure, coating amount and coating thickness of the metal powder filter according to tube rotation speed

Fig. 3. The cross-sectional structure, coating amount and coating thickness of the metal powder filter according to coating time

Fig. 4. The pore characteristics of the metal powder filter according to coating time
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the flake-shaped powders are arranged in an irregular direction 
rather than parallel to the surface of the support. in addition, it 
can be seen that the support having a single coarse porous layer 
has the highest air permeability, and as the wPS coating time 
increases, the thickness of the fine porous layer increases and the 
air permeability decreases, but unlike the increase in porosity it 
does not decrease dramatically.

4. conclusions

in this study, wPS was performed with three different tube 
rotation speeds, and the optimal rotation speed was found by 
checking the coating thickness. if the rotation speed was too 
fast, the metal powder slurry sprayed through the spray nozzle 
could bounce off and fail to leave an adequate coating, so the 
appropriate rotation speed was selected as 200 rpm. after fixing 
the rotation speed, the coating thickness and the coating amount 
of the double pore structure increased as the coating time in-
creased. The porosity of the double pore structure was increased 
by the irregular arrangement of the flake-shaped powder. The 
air permeability of the double pore structure decreased with in-
creasing fine porous layer thickness. in this study, it was found 
that by coating the flake-shaped powder using wPS process, it 
was possible to fabricate a metal powder filter with high poros-

ity without significantly reducing air permeability, that is, with 
a low pressure drop and high filtration efficiency.

acknowledgments

This work is supported by the Ministry of Trade, industry & energy(MoTie) 
of the republic of Korea (no. 20008834 and 20009937).

reFerenCeS

[1] M.-r. Son, D.-S. Park, J.-T. Han, J. Kor. inst. gas. 2, 27-36 (1998).
[2] J.-i. Jeong, J. of the KSMe 52, 40-45 (2012). 
[3] K.-H. Seong, Study on Characteristics and application of High-

Flow Metal Membrane with high Corrosion resistance, PhD 
thesis, Hanyang university, Seoul.

[4] https://mottcorp.com/ko/advances-in-filtration-using-sintered-
metal-filters/

[5] J.-D. Shim, J.-Y. byun, Korean J. Mater. res. 25, 155-164 (2015).
[6] i.-H. Song, Y.-D. Han, J.-H. Park, Korea Science 9, 134-144 

(1997).
[7] Li-Z, Manufacture and characterisation of composite graded filter 

membranes for microfiltration, PhD thesis, bochum university, 
germany.

https://mottcorp.com/ko/advances-in-filtration-using-sintered-metal-filters/
https://mottcorp.com/ko/advances-in-filtration-using-sintered-metal-filters/

	Mohamed Afqir￼1*, Mohamed Elaatmani1, Abdelouahad Zegzouti1, 
Nabiha Tahiri1, Mohamed Daoud1
	Structure and Dielectric Properties of V and Y Disorder Doped SrBi2Nb2O9 Ceramics

	Young-Sin Choi￼1,2, Do-Hun Kwon￼1, Min-Woo Lee￼1, Eun-Ji Cha￼1, 
Junhyup Jeon￼3, Seok-Jae Lee￼3, Jongryoul Kim￼2, Hwi-Jun Kim￼1*
	A Study on the Optimization of Metalloid Contents of Fe-Si-B-C Based Amorphous 
Soft Magnetic Materials Using Artificial Intelligence Method

	Cheol-Woo Kim￼1, Hyo-Sang Yoo￼1*
	Study on Improvement of Surface Properties of SKD61 Powder 
on S45C Using Laser Cladding

	Eunjeong Kim1†, Sangyoeb Lee￼2†, Yeonjin Je3, Dong Park Lee3, Sang Jun Park3, 
Sanghyun Jeong2, Joon Sik Park2, Byungmin Ahn￼4*, Jun Hong Park￼1,3*
	Structural Deformation of Tungsten Diselenide Nanostructures Induced 
by Ozone Oxidation and Investigation of Electronic Properties Change

	Se Hwan Lee￼1, Byungmin Ahn￼2* 
	Sintering Behavior and Mechanical Property of Cu-Sn Alloy with Ag Addition Produced 
by Pulsed Electric Current Sintering

	Myeongjun Ji￼1, Eung Ryong Kim￼1, Mi-Jeong Park￼1, Hee Yeon Jeon￼1, 
Jaeyun Moon￼2, Jongmin Byun￼1, Young-In Lee￼1*
	Simple synthesis of Black TiO2 Nanofibers Via Calcination in Inert Atmosphere

	Dong-Kyu Oh￼1, Seung-Hyeok Shin￼1, Sang-Min Lee￼2, Byoungchul Hwang￼1*
	Effects of the Coiling Temperature and Anisotropy on the Tensile Properties of 
High-Strength API X70 Linepipe Steel

	Sang-Gyu Kim￼1, Young-Chul Yoon￼1, Seok-Woo Ko￼1, Byoungchul Hwang￼1*
	Effect of Pre-strain on Hydrogen Embrittlement in Intercritically 
Annealed Fe-6.5Mn-0.08C Medium-Mn steels

	Sang-In Lee￼1, Seung-Hyeok Shin￼1, Hyeonwoo Park￼2, 
Hansoo Kim￼2, Joonho Lee￼2*, Byoungchul Hwang￼1*
	In-Situ Observation of Acicular Ferrite Transformation in High-Strength Low-Alloy Steel 
Using Confocal Laser Scanning Microscopy

	Ji Young Park￼1†, Ye Bin Weon￼1†, Myeong Jun Jung￼1, Byung Joon Choi￼1*
	Structural, electrical, and optical properties of ZnO films grown 
by atomic layer deposition at low temperature

	Youn Ji Heo￼1,2, Eui Seon Lee￼1, Jeong Hyun Kim￼1, Young-In Lee￼1,2, 
Young-Keun Jeong￼3, Sung-Tag Oh￼1,2*
	Synthesis and Characterization of W Composite Powder with La2O3-Y2O3 Nano-dispersoids 
by Ultrasonic Spray Pyrolysis

	Jin Man Jang￼1,2*
	Evaluation of Repetitively Used Feedstock for Powder Injection Molding

	Yu-Jeong Yi￼1,2, Min-Jeong Lee￼1,2, Su-Jin Yun￼1, Manho Park￼3, 
Ju-Yong Kim￼4, Jungwoo Lee￼2*, Jung-Yeul Yun￼1*
	Fabrication of Metal Gas Filter by Material Extrusion Additive Manufacturing Process

	Yong-Hoon Cho￼1, Gi-Su Ham1,2, So-Yeon Park￼1, 
Choongnyun Paul Kim2, Kee-Ahn Lee￼1*
	Effect of Nb and Mo Addition on the Microstructure and Wear Behavior of Fe-Cr-B Based 
Metamorphic Alloy Coating Layer Manufactured by Plasma Spray Process

	So-Yeon Park￼1, Kyu-Sik Kim￼2, Bandar Almangour￼3, Kee-Ahn Lee￼1*
	Effect of Microstructure and Unit Cell’s Geometry on the Compressive Mechanical Response of Additively Manufactured Co-Cr-Mo Sheet I-WP Lattice

	Min-Jeong Lee￼1,2, Hyeon-Ju Kim￼1, Manho Park￼3, Jung-Yeul Yun￼1*
	Fabrication and Pore Properties of SUS316L Membrane with Double-Layered Pore Structures 
by Wet Powder Spraying

	Yu-Jin Hwang￼1, Kyu-Sik Kim￼1,2, Jae-Sung Park3, Kee-Ahn Lee￼1*
	Manufacture of MoO3 Coating Layer Using Thermal Spray Process 
and Analysis of Microstructure and Properties

	Min-Woo Lee￼1, Young-Sin Choi￼1, Do-Hun Kwon￼1, Eun-Ji Cha￼1, 
Hee-Bok Kang￼2, Jae-In Jeong￼2, Seok-Jae Lee￼3, Hwi-Jun Kim￼1*
	The Prediction of Optimized Metalloid Content in Fe-Si-B-P Amorphous Alloys 
Using Artificial Intelligence Algorithm

	Min Sang Kim1,2, Han Sol Son3, Gyeong Seok Joo2, Young Do Kim1, 
Hyun Joo Choi3*, Se Hoon Kim2*
	Fabrication of Aluminum Matrix Composite Reinforced 
with Al0.5CoCrCuFeNi High-Entropy Alloy Particles

	Min-Jeong Lee￼1,2, Yu-Jeong Yi￼1,2, Hyeon-Ju Kim￼1, Manho Park￼3, 
Jungwoo Lee￼2*, Jung-Yeul Yun￼1*
	Microstructure and Pore Characteristics of a SUS316L Gas Filter Fabricated 
by Wet Powder Spraying


