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1.Challenges in the development of air filters (=5 iEmIGAIHEEL)

Air filters play a key role in meeting the air cleaning needs of various sectors.
(BREEMREERFERES NN EFEFTKEBLESEZRER)
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1.Challenges in the development of air filters (=5 iEmIGAIHEEL)

Single fiber theory: filtration efficiency increases as the fiber diameter decreases.
(%%‘WELFAZKEEL% AR, TEBERERES)

Aerosols captured by the flbers single-fiber capture mechanisms Single fiber efficiency model
CHR LT 4 F 3R FURLIS 247 (R LTHERIRHLE) (BAFHEYHRIRE)

Flow field around a single fiber: the fiber drag force on airflow reduces as the fiber
diameter decreases. (A4 REERIRIAIERL: ﬁé’ﬁﬁﬁzﬂd\ S(T’:»/ﬁﬁ’lijjﬂd\)
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1.Challenges in the development of air filters (=5iZiEEIGHIPEE)

Micro/nano fibrous air filter media: Glass fiber paper, ePTFE membrane, and electrospun mat.
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Fiber Assembly into Filter Media: fine fibers aggregate easily, forming a dense two-dimensional

layered structure. This compact arrangement can limit the functionality of fine fibers. (R EEH (£F
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1.Challenges in the development of air filters (=5 iEmIGAIHEEL)

Hierarchical structure design: maximizes the benefits of fine fibers, reduces resistance; Increases the
porosity, and enhance dust holding capacity. (ZR&EMi%itT: REBEGFHNLEMTHNIER, FER; 1N
LIRR, IEeELMee)
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Existing Challenges: complex preparation processes and limited capability of fiber structure design (=
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2. Bionics design of the fluffy-like air filter (4iERIEIBALERRHELE)

Object: To assemble nano-sized fibers into macroscopic filters.
To explore the potential of the slip effect in enhancing the filter performance.
(FF=ZHE DRGNP RALE T EME, FEEFSHEE. SEER, NMASTLKENRFHENEFZIER)
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2.Bionics design of the fluffy-like air filter (FEIRBFIBFLEERAOFENE)

TCMS, containing hydrolyzable chlorine groups, reacts with water to form silicone nanofilaments on

the surface of glass fibers under varying ambient humidity conditions. (Bid=HIBFE =&k (CH,CISi)
SWBAGERENESE ((OH) RNMATHNEE, MAEIEAEREENRZIVERTES)
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2.Bionics design of the fluffy-like air filter (FEIRBFIBFLEERAOFENE)

Under 50% relative humidity (RH), the 3D-templated silicone nanofilaments, with an average diameter of

approximately 74 nm and a length exceeding 10 um, are oriented perpendicular to the glass fiber.
(7509 E R TR M, FIBFHERENENRZEN=_EETT, FHAFEERLAAT4 nm, KEBFZ10 um)
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3. Tunable filtration class enabled by flexible structures (45#iE¥E R E S EMERE)
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The structurally innovative design of the TLB air filters, achieved by assembling 3D hierarchical nanostructures
on templated substrates, leverages the significant advantages of the nanofibers to passively capture air
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3. Tunable filtration class enabled by flexible structures (45#iE¥E R E S EMERE)
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Their dust holding capacity (18.5 g/m?) surpasses that of commodity air filters, including electrospun

mat (9.2 g/m?), ePTFE membrane (11.7 g/m?), glass fiber paper (13.6 g/m?). (EL1ZHAEREWERELE
7185 9/m?2, ETEBEL24IR (9.29/m2) . ePTFEfE (11.7 g/m2) FIKLFiELK (13.6 g/m2) , EEFKWEREFH)
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4. 3D filter geometry and flow field analysis (#&&443E & w54

Four types of virtual filter media (VFMs), with structural features similar to those of the considered filters, were
constructed using the PaperGeo and GrainGeo modules of the voxel-based numerical simulator GeoDict. (F|F
GeoDictiiZFRr 1225 . ePTFERR, BISA4EL . HEMRBIBAHERNFIEED)
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4. 3D filter geometry and flow field analysis (#8844 & w54

The 3D hierarchical nanostructures on templated substrates offer a significant advantage by maximizing
the slip effect's utilization, effectively overcoming the efficiency-resistance tradeoff in air filter systems. (1%
PASRIA D RER: NRAH L REW A AR AIEE N L FERNRALERTAERDN, TARBEEMBE D ERFE)
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5. Performance evaluation and applications CHgeiFN &)

Their integral filtration performance surpasses nearly all types of air filter media, including electrospun
mats, ePTFE membranes, glass fiber paper, and melt-blown non-woven. (EZ{FiTiEMRE (ARILEER.
A MEEENRLSE) BIUFREYLE, ePTFERR. HIBAHERIIEEH)
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5. Performance evaluation and applications (14 M &NA)
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TLB N95’s removal efficiency and respiratory resistance were comparable to those of commercial N95 respirators,
exhibiting a stable removal efficiency after a 24-cycle wearable mask test. (5SEABINISOZEHIEY, BEEE
SFHIE SR E M, REFERENNIPER)
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6. Conclusion and future perspectives (it KRRE)

B TLB air filters with 3D-templated silicone nanofilaments (average diameter of = 74 nm) were
developed using a simple and scalable in situ CVD method.

(ETERENRA CVD miZAREB=4EMENARL (MYERN = 74 nm) BIHBRKAIEE, AJLAER—F

EEEE A HIEEIT RN RIS EES )

B Theoretical modeling and experimental results demonstrated that the structurally innovative design
of the TLB air filters, achieved by assembling 3D hierarchical nanostructures on templated
substrates, leverages the slip effect to passively capture air pollutants, overcoming the tradeoff
between pressure drop and filtration efficiency.

(IICEAEFISLIOEERRIE, BEERARR LA 3D SRICKAESINICIFNRITRIE 7 KA HRE~EiBT%

MNAIREMNE, WMAMFRR Y EFFIEEEZERFE)

B The selectable filter class of TLB air filters (up to U1l5, =99.9995%) meets the needs of various
applications. Their overall filtration performance—encompassing removal efficiency, pressure drop,
stability, and dust holding capacity (DHC)—surpasses that of widely used commercial air filter media,
iIncluding electrospun mats, ePTFE membranes, glass fiber paper, and melt-blown non-woven.

(FIERERIE RSN (RIXU15, =99.9995%) iMESFN AT K, HEMATIEMRE (AEEER. B, ek

MBEE) 87 ZERANEATSREENE, SEFESLIR. ePTFE [E, RIBAARAGEET)
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