J. Korean Ind. Eng. Chem,
Vol. 10, No. 4, June 1999, 502-508

Zop=ol SEE TEX FEYM TI1”Y 7133277t 71HF 2

=
N
T
oA
=2
o
Ral
r|r
o
0%k

5 Ab o] . X o ‘s_g‘r

o
(1998 94¢ 124 Zé-r, 19999 4€ 229 A=)

The Effect of Substrate Pore Size on Gas Permeation Mechanism in
Composite Membrane by Plasma Polymerization

Sang-Won Hyun and [l-Hyun Jung’

Department of Chemical Engineering, Dankook University, Seoul 140-714, Korea
(Received September 12, 1998, accepted April 22, 1999)

of M2 OE 7132712 71 ALOHE 7122 AHgee] BRAQ CHRZ Edze W73, 20t $38 42 Ar Fazchz Aes
294 1A 0Nl B S HAEE sl 1 S42 BEs 7149 AT} FauzEe oAE e Anugd $29
22 718 cathodes] 4% ARAH Ar Fehzole] 42 A3 rpover T B T AARE o Asol D el AR DA B
A, W SEE AGES Belsdn B8 $U% FHRANA A2 OE /1RA1E 2E 714 Fdact 2L o, Y ) A3
DAL 5AHA B2 £del ARG, 3 HEATE FHE BATE Knudsen JURA ol 138] 2719 FATsIe) 42
g dehion, olze FuIZe $TE DEAU A5/l /18 J1FAsd AHEQ GRS Bee L+ AU

OL kRO

o

2

|

Abstract: We prepared non-porous membrane on the AlQOs; substrate with the different pore size by the plasma polymerization of CHF3 We
studied the permeability characteristics of membrane by Ar treatment and the effect of substrate pore size on gas permeation mechanism. The
selectivity was increased with Ar plasma treatment time and rf-power near the substrate to the cathode while the permeability was decreased. It
was observed that the solution-diffusion model would be applied to non-porous layers while it is applied Knudsen diffusion model to the substrate.
From the experimental observation, it could be concluded that the pore size of Al:Oz membrane influenced on the permeability and the selectivity.
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Figure 1. Schematic of rf-plasma reactor.

Table 1. Typical Experimental Conditions of the Plasma Treatment

rf-plasma 120 W
Treatment time 5 min
Gas flow rate 10 sccm
Pressure 80 mTorr
Substrate temperature 50 T
Plasma gas Ar
£ - (pzl—pl) x 2Lt )

A47]4 —,P% 714 % 7% (em*(STPYem’ s cmHg)o1®), g/ % 7]
AR} e’ (STPYs), 15 = FAem), 53 pt Fipd
3 - ekl A89E(cmHg), Ax A4 £394S YehiE £35
‘%“a@(cmz)o!u}. AedeE E3A59 v( Py, /Py)2 AN
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= erlL el A rotary pumpE ©l§3te] whg71e e 2
mTorrZ ¥% ¥ uhg7] Yo ‘*Obl” 371 2 ¥ AAs
71 $15te Ar 71AE 58 &9 & the k] Ado gk

CHF:E HAbste], utgr] <4 80 mTorr, HZAZF 60 min
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FT-IR(fourier transform infrared spectroscopy, 8501, Shimadzu)
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Table 2. Analytical Instrument

BET (surface area/porosity analyser, Pore distribution

micrometics, ASAP 2000)

FT-IR (fourier transform infrared Functional group analysis

spectrometry, 8501, Shimadzu)

SEM (scanning electron microscopy, Surface morphology

Jeol, 5800}

pa e (b)
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Transmittance
&
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Figure 2. FT-IR spectrum of (a) CHFs polymerization on KBr
disc(120 W, 60 min, 16 sccm) and (b) Ar treatment on KBr
disc(120 W, 5 min, 10 sccm).

AL sYsidth. Fet2n $389 2] W morphology, &
o) 27 4 FF9 BEE #lsr) 9ste] SEM(scanning electron
microscopy, Jeol, 5800)Z} BET(surface area/porosity analyser,
micrometics, ASAP 2000)%4& F83}¢ ).
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Figure 3. SEM micrography of the Al,O; membranes; (a) 0.02
pm surface, and (b) 0.2 ym surface.

CFx band, 1460 cm’', 1410 cm™9] CH:9 CH: AE& 2%
o= yepgon, o g Fx WatE itk o223 CHF:e
E702717 & o =9EHALS ¢ £ 9tk
Figure 32 ALOs 7129 B¢ 27 27)7} 02, 002 ym¢! W
o=, Figure 4% 719 #74o] 02 002 ym ALOsl CHF; =
gzol aRAE FEAY F Zze gud 9ug Jdehigloh
M2 OZ 7130 38 2o FAE 09 ym AEoln e wd
o %€ CHF; 1#4e v d34Ye 8% 4 gidh =3 9
@ 71832717F 02 ymg) 7149 2 gdo) 002 ymQ wHo ¥
2%7t o FY8A Fekzvl 1R} F3
dutxog wme APLT i 124 P& ‘Qxlo}
Z gon Zelznt YoME Zepzu) 245 1:} ] g 71z o
& WSl T dojgd & gt ‘IH
tering) % 3153 “Z}(chemlcal etching) ¥H&
37 2@ 2AE9 4RE o YAY Tffﬂ*l?] q¢e @
ok whepa] ubabol Ajzps: EE AR FFEERT §AHablation)
SETE = B3 339 4 Zez=uE Adsge A
s
?:I;O

_L,>_\.L

Ll

o}
715717 EQHAY skl Agslol gt Wxs} 279 4
hor, Azukgd s EHzE7} Wgeo

Figure 5= 7159 A7l & ALOs A A9 CHF; Egtzn)
FTEE Ue Ar F3=viz AY® Fo % 9wl gdS SEM
240 o) vehuigich. Ar J1AE Z2zn Hesy) e w2
< Figure 49h= 22 389 1AL %2 oy Zejzo}
skl o, Are B@HolmE 7572 BYHA 29w,
Sehzvto] A% ety Azoh} gAESoR Ar Zelzn
E9E A7) A¥Y TUZE(surface roughness)?t 27}

=



zgpzol 239 127 BeA 7149 71Farvt AT WSl tlAe €% 505

1oLy i =20, D08

1Ry tum = 10. 808

(b)

Figure 4. SEM micrography of the CHF; plasma polymerized composite membranes (120 W, 60min, 16sccm); (a) 0.02 pm surface, (b)
0.02 um cross-section, (c¢) 0.2 um surface, and (d) 0.2 ym cross—section.

Figure 5. SEM micrography of Argon treatment on plasma polymerized composite membranes (120 W, 5 min, 10 sccm); (a) 0.02 ym
surface, (b) 0.02 ym cross-section, (c) 0.2 ym surface, and (d) 0.2 um cross—section.
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Figure 6. Pore size distribution of 0.02 ym AlOs; membrane,
CHF3 plasma polymerization(120 W, 60 min, 16 sccm) and Ar
treatment(120 W, 5 min, 10 sccm).
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Figure 7. Dependence of the gas permeation of oxygen and
nitrogen on plasma treatment time in the composite membranes
by plasma polymerization of CHF3(120 W, 10 sccm).
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Figure 8. Dependence of the gas permeation of oxygen and
nitrogen on rf-power in the composite membranes by plasma
polymerization of CHF4(5 min, 10 sccm).
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Figure 9. Dependence of oxygen permeability and selectivity on
pressure in the plasma-polymerized composite membrane on the
0.2 um substrate at each temperature; (a) CHF: plasma poly-
merization(120 W, 60 min, 16 sccm), and (b) Ar treatment(120
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