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2 o oA Al B& EA¥A dEiM SiOCH:)-H0 BHEH Azsi 99 A4S TG-DTA,
XRD, IR, BET, SEM, TEM& ARg3le] zAbslddh oy dEat = A28 HE Si0CHs: @ HO
C:HsOH®) #7% EH|= 1 : 45 : 4 o]tk 100 T~1100 Colld dxx8 o] W xd4e 38 mY/g~9023
I‘ﬂg/g oo, 71ZA7E= 20 A~50 Aotk 300 CT~700 CHYAM dxzld T 9da=z7)= 15 nm~30
nme|®, Gx7 =7 F7hstE dAe A7|E SUbetdh o84 Axg odFd gt vteR HyNy £
Ag Feshzd SEsdaen, 34 Az el 93 HyNo E@7]4%elE Knudsen flowet surface flowol
oeiA dojrb FZ surface flowell &3t thyd Ao who) HyNy E§7]4el thdt real separation

factor( @)i= 15515 cmHg(AP)$} 25 CollA 5170]%191, real scparation factor(e), head separation factor
(A), tail separation factor( 8)= helo] Zv7lshd 2713kl

Abstract : The porous silica membrane was prepared from Si(OCyHs)s~HxO system by sol-gel method.
To investigate the characteristics of gels and porous silica membrane, we examined gels and porous silica
membrane using TG-DTA, X-ray diffractometer, IR spectrophotometer, BET, SEM and TEM. The
optimum mole ratio of Si{OC:Hs): @ H20 @ CoHsOH for porous silica membrane was 1 @ 45 : 4. The
porous silica membrane was obtained by heat treatment of the gel above 700 C. The specific surface area
of sintered gel was 3.8 m¥g to 902.3 m%/g at 100 C to 1100 C. The pore size of sintered gel was in the
range 20 A~50 A. The particle size of sintered gel was 15 nm to 30nm at 300 C to 700 C. The
performance of the porous silica membrane was investigated for the separation of Hy/N2 gas mixture. Gas
separation through porous silica membrane dcpends upon Knudsen flow and surface flow. The real
separation factor( @) of HyN: was 5.17 at 15515 ¢cmHg and 25 C. The real separation factor(a), head

separation factor( 8) and tail separation factor( §8) increased as the pressure of permeation cell increased.
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1.4 B Ik @A Agsieg Azshed 71Ed9 o
<ol ok
HZ QYA Az 9 FHERE Fol g A3 A Sol-gel ¥ &5 H& B¢E £ HA7} &
#9717t nzEHA H7IAZEE FEVIRE ¥ ojatil w2 2moM TFY nek HYstee A
st 2 E2lYo] A #4le Fu vk £37) z3te Aol 7tgEhd, 18y sol-gelde 98 B2
ANg 2Eshe WS 2A #ed A5 ol&3 MY 1 #% alkoxide’b ¥IAWIL gel & dAeldts 3A
H, 71AE A 52, & AA Eyste §F A ZF AolA7] i TFd 1¢= dEsiee
g, 2 A7) m=e g 4d A oEA e Azsted B2 EAFEC Atk AF7A sol-gel
oj &3 o Ry Fol rh ol g Fe AR T AFE 27Li0-3A10:-
2t R AWM ek Zo] A FAo 3 70Si0, ZAAE v1FES o kA f7 244 o
2 Q7] Wi AUzt AA 53 w3 dE5Hes 3t o7 WA ATEHATHI6-18]. EF M)
87 7ty Alzdo] hdsich 7]A Eeld Al & Az Y F4 alkoxidedl &, ¥:E,
S 2 Tl Ao upat FAA T, HdA Znj, DCCA(Drying Control Chemical Addmve)a
g3 A HEIE, nEAthe g ERAch {4 A7kl dEgt fElg AZsEuYE Bim v
o F pene A #e 2yt 53 714 [19]. zepv o34 HE7tHe Azshe 25 DCCA
9l ¥R YESE o] opE 1A A & ¢] formamide, oxalic acid, glycerol, DMF(dimethyl-
Ao o&Ested Fert ¥ €302 Bt formamide) 5& AHESHAl HH DCCA7F gellly ¢
Argsted @A7F ok Frliee 71Ee A & A gFWol AgEr|(Si-OH)S 4 ZAFstd 944
3 AFE9 Ealge] e &S Fohsd duty FHe F& BN AT A=”E A WE
02 2 FREE /Y geHor gHow <t of ZlAEE HEE AT ANRE ded o
Aate] Loz ALE 7Hgd ¥ ER sl ik #gol st
Adzrt v g3ds /X1 §leh A7t Big A9 uRie AFEL Hd
ZIAEE g Fr1ee oEdee vgEgdae] g felg Axsed o 54 72 ey 3 V1A
o} Hg3A T Azo] AMEEE PdY Law T4l F 4E Bgs] 9@ g3 nex A7 A
g Mefidoe] lo] Pd[1], Pd-Ag#+{2], LaNis[3] Zofl dig A= A gleh m3 A JdFE oF
akoll g AFF AYH3: glort 1A Et 2 A AAAA S0y, nEA TE& IZHYBIY TER
< wdo] ok g3y /1% 3~5 nm 7]F A wg o] &8 AFE FF VA E E R B
719 A 8 2 10~20 nm 7|F 27|98 &F9| Aol F4 alkoxideZHEH Axd O34 IAeE
v ahgo] ARgE L o) AEAde] B wig vt Aggiate @ EE7A F FaRd #F AT
i QeH4-9]. 2 Si0y, B.Os §& dF = t AY o|FAH g3 ok wEhd & AgE
Fao] gk Aeiio]l w ALE e 3lo][10] tetraethylorthosilicate[Si(OC:Hs)s ; TEOS], H:O,
AL ¢ NAF 4 22E 502 iR A CH:OHTHE AHgsiA Fadl g A9 F344
Arrt 2o gFgARe Az g g3 & o] ¥ 1k thFA A7l h& Axstn o 7
Fuol SiOpE dip-coatingdtAWH11] wvhe]z & o} &AM Fa-EA EF V1A 2YE AT HF
o Si0x% CVDHol o8] F2AA Faiaste A z24% FHsh=d 1 B3]
Z&t7| = 3FeH12]. =% Hlo]l:@m el polysiloxane
o|u} polysilastyrenes ¥ 22 1&A & IHst 9 AlE{ui
3 gRsistel xBTS AzdpE @ FEEeE
[13-15]. "pel= f2lel SiOH niEx Edg FZH3
A g 4 BHE 49 ey 16k A ¢ cted dalzt ool M=
S AY Axshe Py £5HT sol-geldol AUtk 2 1 1 Alet
£g8e ALzdE St FYE #o] 2ot A TBOSt= JANSSENAR 5533 GHOHE HAYMEN
ox Adoa dxdlee ARAHGT 4Q EE A A BFES Al ALESRT) A EHe) ALS
Hzlshd o] &4 dZE e B:03E §&A1A SiO7t g B2 2AFFE § 29718 S347] 183 MO
9% thEA Adzlglehe AzRsVIE ok ey cmel el A& AH-3kSL
AZolA HEH7] wEe] ETE FYol folstH
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Fig. 1. Heating schedule of sintering process to
convert gel into porous silica membrane.

Stirred for 24hr at 50°C

Si(OC,H;), + H,0 + C,H;OH
(1mol : 4.5mol : 4mol)
under Ar atmosphere

[ Mixed alkoxide solution ]

« Hydrolysis

( Sol solution ]

<« Gelation and aging
y

e ]

«— Hydrothermal treatment for 96hr at 50°C ~ 80°C
<« Heat treatment for 72hr at 110°C

[ Dried gel ]

« Heat trcatment at 25°C ~ 700°C

y

[ Porous silica membrane ]

Fig. 2. Flow chart for preparation of porous silica
membrane,

&8 760 mmHg 23ke] ol22 £47) sholA s
o AZ gellld] A X0 wWE TR Wz
Z #BES7] A HdH 2BEALE BruckerAt
model I[FS-28CS AYHEFEA7]E o]£3lof KBr
pellet® ©. 2 400~4000 cm ' oA stk
A geldlo AHT2E A7) AT X-4 FJHEA

Membrane J. Vol. 10, No. 2, 2000



8 Zels
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Fig. 3. Experimental apparatus for the gas

separation.
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nSiOy+ 4nCy H;OH

Ui gelA7E YolR = Aoz A"tk HoO/TEOS
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A gol whaA alwoe] g sol g gelA
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Fig. 5. TG-DTA curves of dried gel.
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Table 1. Pressure effect on separation of gas mixture through silica membrane at 25 C

Pressure Feed Permeate Reject Separation | Head Tail
difference stream stream stream factor separation separation
(cmHg) x? XV v oy M x| () factor( ) factor( )
155.15 038 | 0615 | 0527 | 0473 | 0177 0823 5.18 1.78 291
103.43 038 | 0615 | 0492 | 0508 | 0.213 ‘ 0.787 3.58 155 2.31
7157 038 | 0615 | 0479 | 0521 | 0.242 | 0.758 2.83 1.47 1.96
51.72 038 | 0615 | 0468 | 0532 | 0284 | 0.716 2.22 1.41 1.58
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Li(h)  : high pressure side molar flow rate
coming the strage (mol/s)

Lo(h) : high pressure side molar flow rate
leaving the strage (mol/s)

Lo}  :low pressure side molar flow rate
leaving the strage (mol/s)

M * molecular weight

4P :pressure drop (cmHg)

Py * high pressure (cmHg)
P “low pressure (cmHg)
Qt - overall permeability of A

(mol cm/s em® cmHg)
Q®  :overall permeability of B
(mol cm/s cm® cmHg)
“area of membrane (cm®)
* thickness of membrane (cm)

é(ﬁ

: feed stream mole fraction of A

>
S -

‘rejected stream mole fraction of A

»
3

o : permeated stream mole fraction of A

Jz2|a 2%}

‘real separation factor
> ideal separation factor
*head separation factor
* tail separation factor

tcut (L()(l)/Ll(h))
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