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Abstract

The membrane filter adhered with nanostructured porous layer was made by heat treatment after
deposition of nanoparticle-agglomerates sintered in aerosol phase onto a conventional micron-fibrous
metal filter as a substrate filter. The Sintered-Nanoparticle-Agglomerates-coated NanoStructured porous
layer Membrane Filter (SNA-NSMF), whose the filtration performance was improved compared with the

conventional metal membrane filters,

was developed by adhesion of nanoparticle-agglomerates of

dendrite structure sintered onto the micron-fibrous metal filter. The size of nanoparticle-agglomerates of
dendrite structure decreased with increasing the sintering temperature because nanoparticle-agglomerates
shrank. When shrinking nanoparticle-agglomerates were deposited and treated with heat onto the
conventional micron-fibrous metal filter, pore size of nanostructured porous layer decreased. Therefore,
pressure drops of SNA-NSMFs increased from 0.3 to 0.516 kPa and filtration efficiencies remarkably

increased from 95.612 to 99.9993%.
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Fig. 1 Schematic diagram of the experimental
apparatus

7k TS Aolsdith #HelAde  aEdE
Nd:Yag Laser(contiuum, surelite I-10)E A}-8-3}A
o, HAd &=L 1,064 nm FelA 1,000
ml/pulsee] i, & AFo| A= 532 nm oz W
3ksle]  dlo] A o YXA|(LE, laser energy)ES 200
mi/pulse® LA F & 23S F=3slic}, Fskt
=472 300 mm?l d=g Abgstalon,
& d=Zgdd Az ¥ AEy B 77
A 83T *]Jq WS APk dolA H
AZHA(FA, focusing area) A4S 1 mm=
a8t AFS FAs cfEH oA =
vl HuntingtonA}2]  6-way cube, view port,
reducer, adaptor o= FAIEIRA O, Fo A

>

o i (N rir

A% 9w Tlade] AH9lYs AE(SUSIL6EL)
FEANS RAF F VT AFY TE 2Y
2 48 Fd5E 248 & QA sad
HQE s 28 FEAA0 Ao AE 2Alete] A
28 2dYs 29 F5 YugAE 1

sim(standard liter per minute) ©]&7}2=0l 234
) A7) Z(infrared furnace)E o] =% Ao
2 4948 womA FIAF o, SMPS(scanning
mobility particle sizer : TSI 3080)% Y= A+ &
HAe] 271 2 Fex #3xo ¥W3tE S45H9

o B3 Ye=daeE 9 wl&o] 423 (shrinkage)
o] dojupil »wgiAt SFA ] FAE WA
%, Shel A g ~H Qe 2~ ~¥(SUS316L) Al
del welaE w454+ UH(BEKAERT,

BEKIPORr ST 7CL4)9] x ol oJZ&H% 4.2 cmis

f
Lo I o
N2 gy T
i 3L do o0 1o N

w
S
3
=)
fi
r

(electrical furnace) Weoll <3l
600 CT= <A Z|(heat treatment)E
Ay & a2 ez Ve SEM(scanning
electron microscope; HITACHI $-4700) #3S %3}
of I A4S #EE 5 doH, 2E Ay F
Uxegzx 7135S 348 2o - ¢
2= 2P Al(testo 445) = =A s o3 A
AlE A AREEE S YA FE S (number
concentration)”} Y& o Al¥dAtEo] I
o] 71&E& fGA Hoty AlF YAl ot o
Hafo] Fsadrt Mdsteg, g2

& Aol ofHrh A YA B

[¢)

011‘ )

A<
DMA(differential mobility analyzer : TSI 3081)&
o] g3t 100 nm =79 PAEE EHEkA

UCPC(ultrafine condensation particle counter : TSI
3025A)F ARg-ske] vhesdAt S AV aAE 4
B Asde 44 $EEg SPgoss 27

A g $AE 299 FeTE /1T
F Wuedel e onEss St

3. & 1t

golA ofEdleldel ofsir theiAE ]
A, 9ol 532 nm wf #|o] 49| Flashlamp discharge
voltage$} Q-switch delay AJ7tel]l w2 #lo]A] of=] <]
A71E B3I em, Fig. 2014 B 33} o] )
=] Al7]= 375 mJ/puIseC’] S & 5 Ytk

ol A efEdold AW el HXg Ald %
Woll 7% (focusing)3k= @lolA Wel Aol 1
mm, °]&7k=Ql A 7hne] friFol 1sim, o]
A YA 7F 200 milpulsed W, ~ElQleE s~ ~"
FHEABORNE FHY e L T e
2 SHAES 200~800 Tl &% 7o Ao
A72E oojzx: Aoz mxue= 1
sHAY A7) B ek XY WEE
o] Fig. 3ollAlel 2 AWE AT &
(sintering temperature)”} S 7Fstel] wel v
g 2} 4= (fractal dimension)e] 7FA] A U=t

-
o

J8 koo X

i

11:‘ F}O oX

BN
2



620 ol - uhF

400 T T T T T T T T T T T T
Sunl —o0—1.2kV

~ B —2—1.3kV

§ soor P 0 e-14kv]

o \

£ A N

< 200 / yAN AA O i

o o A A d

@ / 0

5 / A =

= 100 | O E

o F?‘/ odgg[Qb N

- 0& P %
NN \

0 1 1 1
100 15 200 250 30 350 400 450
Q-switch delay time(um)

Fig. 2 The laser energy as function of Q-switch
delay time at different laser voltage
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Fig. 3 Size distributions of nanoparticle- agglomerates
sintered through IR furnace at different
temperature by using the laser ablation
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Fig. 4 Morphologies of nanoparticle-agglomerates
sintered through IR furnace at different
temperature; (@) 20 C, (b) 200 T, (c)
400 C, (d) 600 C, and (e) 800 C
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Table 1 Summary of penetrations, pressure drops, and filter qualities

Filter Penetration (%) Pressure drop (kPa) Filter quality (kPa)-1
SNA-NSMF@20 C 4.3880 0.300 10.421
SNA-NSMF@200 T 1.1140 0.336 13.385
SNA-NSMF@400 C 0.1850 0.400 15.728
SNA-NSMF@600 T 0.0007 0.516 22.890
SNA-NSMF@800 C 0.0060 0.580 16.726
Mott Co. Filter 3.4320 0.546 6.1760
10° T T T T T T T T T T 9
Amount of nanoparticle deposition 10 ' '
10k (dP/U, = 2 kPa/ 4.2 cm/s) ] F U =1.36cmis o :
C]\Aﬂer heat treatment @ 600 °C é 10°f d, =100 nm 3
102k 0 ] % } F 3
g \ S 10°} 1
<§ 10° O _ o F O 3
E _ 10'6 1 s 1
& 100l . i g 081 U =1.36cm/s 7
| u=136cmis / g o°r O O ]
% d =100nm O 3 o 04y )
" @ 02} 1
10 1 1 1 1 1 7))
0 200 400 600 800 Raw MF g:’ 0.0 ) . )
SNA-NSMF@600°C Mottt Co. Filter

Sintering temperature (°C)

Fig. 7 Penetrations of 100 nm particles through the
membrane filter with nanostructured porous
layer by coating of metal nanoparticles sintered
through IR furnace at different temperature
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Fig. 8 Comparison of penetrations of 100 nm particles
and pressure drops through the membrane filter
with nanostructured porous layer by coating of
metal nanoparticles sintered through IR furnace
temperature at 600 C and Mott corporation
membrane filter(media grade 2)
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