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KEYWORDS ABSTRACT

Respiratory Filter, Airborne particulate matter, such as fine dust and aerosols, poses serious threats to respiratory
Additive Manufacturing, health. Conventional polymer filters suffer from limited reusability and sterilization challenges.
Gyroid Topology, This study presents the design, fabrication via Selective Laser Melting (SLM), and
Density. characterization of a cylindrical porous filter made from Ti-6Al-4V alloy with a graded conformal

Gyroid topology. The structure features graded channel spacings (inner wall: 206 pm, mid-region:
396 um, outer wall: 463 pm; weighted mean: 415 um) and an effective open porosity of ~65%.
The design was optimized in nTopology software to enhance cell overlap and particle trapping
while maintaining airflow permeability. The sample (OD=15 mm, ID=9 mm, H=10 mm) was
fabricated from Ti-6Al-4V powder (15-45 pm) and characterized after stress-relief annealing at
600°C. Results include optical metallography (acicular a phase in f matrix), metallographic
measurements (mean layer spacing of 415 um), Vickers microhardness (mean 327 HV), bulk
density (4.18 g/cm?), and bulk porosity (~5.5%).

Extended Abstract
1. Introduction

atmospheric particulate matter, viruses, and bacteria pose severe threats to respiratory health, particularly

in urban environments and during infectious outbreaks. These factors underscore the need for efficient,

reusable filters for masks and ventilators [1-3]. Conventional polymer filters, such as melt-blown
polypropylene used in N95 masks, exhibit excellent particle trapping but suffer from moisture degradation, poor
mechanical strength, and sterilization difficulties for multi-use applications [4, 5]. In contrast, porous metallic
filters, specifically Ti-6Al-4V titanium alloys, offer superior biocompatibility, corrosion resistance, thermal
stability, and inherent antibacterial properties due to surface TiO: layers [6. 7].

Selective Laser Melting (SLM), a prominent metal Additive Manufacturing (AM) technique, enables the
fabrication of complex porous topologies—such as Triply Periodic Minimal Surfaces (TPMS)—that are
unattainable through traditional powder metallurgy [&. 9]. Previous studies on Gyroid structures in Ti-6Al-4V have
primarily focused on orthopedic implants, reporting porosities of 50-80% and channel spacings of 200-600 um
with bone-like stiffness (2-10 GPa) [13, 14]. However, the adaptation for respiratory filtration—requiring graded
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channel spacings (~200-479 um) and cell overlaps to create tortuous filtration paths—remains insufficiently
explored.

2. Materials and Methods
2.1. Design and Fabrication

A hollow cylindrical porous filter was designed with a conformal Gyroid topology (15 mm OD, 9 mm ID, 10
mm height). The lattice was generated using nTopology software, where the cell size gradient was adjusted to
yield specific graded channel spacings. This design ensures higher overlap in the inner regions to provide complex
trapping paths while maintaining permeability in the outer regions 28. The target effective porosity was set at 65-

70%.)

ADVANCED CHARACTERSATION OF
GYROID-BASED POROUS METAL FILTERS (SLM)
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Figure 1. Schematic of the designed sample, airflow path, and geometric dimensions.

Figure 2. Comparison between (a) Non-uniform/Graded and (b) Uniform Gyroid lattice designs.

The SLM process utilized an Nd
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laser system with parameters detailed in Table 1. Post-fabrication, samples underwent ultrasonic cleaning in
isopropyl alcohol followed by vacuum stress relief at 600°C for 2 hours 30.

Table 1. SLM fabrication parameters for Ti-6Al-4V porous filters.

Build Plate Temperature Hatch Distance Layer Thickness Scanning Speed Laser Power
°~80 C 100 pm 30 um 800mm/s 200W

Recoater blade
Ti-6Al-4V
15-45 pm

Figure 3. (a) Orientation of filters on the SLM build plate; (b) Integration of the designed filter onto a respiratory mask.

2.2. Powder Morphology

Spherical Ti-6Al-4V (Grade 5) powder with a particle size range of 1545 pm was employed. SEM/OM
analysis confirmed high sphericity and smooth surfaces, ensuring uniform melting and high density (~2.6 g/cm?
apparent).

Figure 4. Spherical morphology of the Ti-6Al-4V powder particles [31]

2.3. Characterization and Metallography

Microstructural analysis was performed using an Olympus BX optical microscope (100—1000x). Samples were
mechanically polished (320-2000 grit SiC) and chemically etched with 2% HF solution for 30-60 seconds 33.

Imagel] software was utilized for pore segmentation and analysis of at least 10 fields of view.
Mechanics of Advanced and Smart Materials Journal 5(3) (2025) 383 — 402




Design and Characterization of SLM-Fabricated Graded Gyroid Ti-6A1-4V Porous Filters for Respiratory Applications 386

OM x100: ain B

254 im= %
sttruts

(Outer Edge):
254 Iim

206 pm

Strut Width
1 struts

ConnectionWidths %
(G=EHE \

= 2061 1m 100 um

Laboratory Polishing Sample Preparation

(d) | Etching Process with 2% HF || (€) | ImageJ Porosity Analysis || (f) | As-built SLM Gyroid Sample

. P P drage Poscty R Tedk Windew Mab
SIKOIQNAIAIAATE R

. Fesctt TResst

1
oy LD T
£ £
s e
= i = z
5 4
i ".‘4,! T b

eece :

As-buill SLM sample S mm_

Figure 5. Metallographic preparation: (a) Etched microstructure; (b) Pore measurement; (c-f) Polishing and ImageJ segmentation
stages.

2.4. Microhardness and Density

Vickers microhardness was measured using a Zwick/Roell system (100 gf load, 15 s) per ASTM E384. Bulk
density and porosity were determined via the Archimedes method (ASTM B925) using isopropy! alcohol.

3. Results and Discussion

3.1. Microstructure and Metallography

Etched OM images revealed a typical SLM-induced o+ microstructure with acicular a needles (~1-5 um
width) distributed within a  matrix. Metallographic measurements confirmed the graded spacing: 254.38 um at
the inner wall, 254.48 pm in the center, and 479 pm at the outer wall (mean ~415 pm).

3.2. Mechanical and Physical Properties

The average Vickers hardness was 327 HV, aligning with the acicular o phase and the density of the SLM
structure. The strut overlap in the inner regions reinforces local hardness by minimizing lack-of-fusion defects.
Archimedes density was recorded at 4.2 g/cm?®, with a bulk porosity of ~5%, indicating a high degree of
consolidation.

The results demonstrate that the graded Gyroid topology effectively balances permeability and filtration. While
the current effective pore size (~50—-100 um) is suitable for coarse particulate matter, secondary coatings (e.g.,
Ti0:) are required to reach the sub-5 pm range necessary for virus-level filtration.
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Figure 7. (a) Archimedes density test setup; (b) Porosity calculation formulas; (c) Effective vs. Bulk porosity correlation

4. Conclusion

This study presented the successful design and SLM fabrication of a graded Ti-6Al-4V Gyroid filter. Key

findings include:

Conformal Gyroid design achieves graded spacings (200—479 pum) providing a tortuous path for enhanced

trapping.

The microstructure consists of an acicular a phase with a robust hardness of 327 HV, ensuring durability under

respiratory pressures.

An effective open porosity of ~65% was confirmed, while bulk porosity remained low (~5%), validating the

SLM process quality.

The structural integrity and biocompatibility of the Ti-6Al-4V Gyroid lattice provide a practical framework for

developing reusable PPE in resource-constrained environments
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