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Gas Permeation Characteristics of Silica Membrane Prepared by Ultrasonic Spray Pyrolysis

Min-Young Youn, Sang-Jin Park, Dong-Wook Lee, Bongkuk Sea, and Kew-Ho Lee'

Membranes and Separation Research Center, Korea Research Institute of Chemical Technology, Daejeon 305-600, Korea
(Received April 15, 2005, Accepted June 17, 2005)

o mW AW BB & AN 23T By ARHULS o83k silicat T}, 1 V]

g 4.8 zAE YT Tetraeth 1 orthosilicate (TEOS)E A F-A| = O}OE] AAA Has B3 E

EW9 defect glo] FLd kA9 silicatto] A YT B3 L5 523 Kol A 51110 ko] A/ AA D 527/
A7t 224 17 4 16 Xq—'-:—" 3 A Ehl A& ‘/}E}"u‘:} A F& AAA Y Bddd 75

4 v-aluminad-& %7}" o2 Tstn, I 99 %%‘H‘ﬂoﬂ 2]%} silicas ?{:}Hﬁl 73}, Knudsen 4t 93 B

9] Algol &3] AAR 5L F4& B £F7) A4S HAE B o] F4HU

off MLl 75 K
ﬁémzﬁm‘
g Hr

Abstract: Silica membranes were prepared on a porous metal sheet by ultrasonic spray pyrolysis method for gas
separation at high temperatures. In order to improve the permselectivity, silica was deposited in the sol-gel derived silica/y
-alumina intermediate layer by pyrolysis of tetraethyl orthosilicate (TEOS) at 873 K. The pyrolysis with forced cross flow
through the porous wall of the support was very effective in plugging mesopores, Knudsen diffusion regime, that were left
unplugged in the membranes. At permeation temperature of 523 K, the silica/alumina composite membrane showed Hy/N;
and water/methanol selectivity as high as 17 and 16, respectively, by molecular sieve effect.

Keywords: silica membrane, pyrolysis, gas permeation, water/methanol separation, alumina coating .
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Fig. 1. Top surface of a porous metal support.

/\}&3}3’1‘3} TEOSE =3 JF7|E o83t 37
3 8 & 823~923 K& 7193 o34 24& AAA)
Aol 15~60% 5 BFAIA silica =& AxstAt
olw silica Tz} A AH 7] FF &S =o|7) 95t
of AA|A FHel WwhZQl off &L T Fref o
3 60~560 mmHg=Z 7+aldo).

’.\’
w

galotel o}

4% oo} ¥W P ©We 7E3)% SEM (Scan-
ning Electron Microscope, FE-SEM-EDX, JEOL JSM-
840A)S o]&stod FAsIYT)

P B U FRAPE S BAEE
99.9999% o]4}) ©E JAE o] &3l 303~523 Ko
A AAlstgch g, 523 KollA 571 2 W 2
4BA BRI YA Y R S4e 2459

el s e dej7t 2o 1A

3 54 107

N

L3 Age e AWAAT 74 4R B

23 Edlzo BORE 5 psiz sgom, 7149

#5& 7S FAAY FHEY VA v
TCD-detector7} 323 gas chromatography (GC-14B,
Shimadzu)E ©] &3l £415}%2 ¥, column& molec-
373 K,
detecter bridge current= 50 mAZ s}t #HE £
3t 7|A i 59 B3} &% (Permeance), F [mol/(m2~
s-Pa)]= o3 #o] Aot

Aozt &
=)

ular sieve (MS-5A, 3 m), oven detecter &%

Fi = Qi A(Pei-Py)] = J/ AP (M

0:]7]/H O A8 FE3mols]), 4= B
HAmM], Pij, P TFZ2Y FHS Mo e
Bl Pa]— et 2Ela, s iR B3 flux
[mol/m® s]&, AP ¥ Hi 2 Aolth j4E
of W iR BAAFE A4 Fi £x9 )

(F/F)Z3H T3

3. &n o 1F
3.1. 22| Morphology

Fig. 3& silica 3] 2 aluminaZ %3 /A o
A F& AAA (a) 823 K, (b) 873 K, (¢) 923 K9
A g3 silica 2He] ¥9 morphologyE VERATE
Aoz dEAHez 48 29 morphologys 9

D
Cold trap

—a
o O O

F‘
Air =

Furnace

Fﬂ'\t

"

|

I
ek L
R— |

- _—_tJ

r
|

:I

|
L
‘Tﬂ

TEOS .

Temperature controller o0

T
Ny
Vacuum gauge

Vacuum pump

Cold trap

Fig. 2. Experimental apparatus for membrane preparation by ultrasonic spray pyrolysis of TEOS.
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Fig. 3. Top surface of silica membrane formed on porous
metal support by ultrasonic spray pyrolysis at (a) 823 K,
(b) 873 K, and (c) 923 K.
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Fig. 4. Fractured section of silica membrane formed on
porous metal support by ultrasonic spray pyrolysis at 873 K.
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Table 1. Water and Methanol Permeance of Pyrolysis Membranes

otE

membranes water permeance MeOH permeance Selectivity
(mol/m’ + s - Pa) (mol/m2 - s+ Pa) (H,O/MeOH)
pyrolysis (15 min)/v-alumin/silica/SUS 2.79x107 1.77x107 1.58
pyrolysis (30 min)/v-alumin/silica/SUS 221x107 1.18x107 1.87
pyrolysis (60 min)/y-alumin/silica/SUS 2.54x107 1.56x107™"° 163
Table 2. Permeance and Selectivity According to Conditions of Pyrolysis
pyrolysis 20 min 40 min 60 min
g3 time permeance selectivi permeance selectivi permeance selectivi
mmkig (mol/m2 +s - Pa) electivity (mol/m2 s - Pa) viy (mol/m2 -5+ Pa) v
H0 1.25x10°® 537x10” 5.81x10”
60 0 5.2 " 24.2 " 6.0
MeOH 2.41x10° 1.36x10° 9.64x10°
H0 6.78x10” 7.67x10” 3.88x10”
310 4.2 0 4.7 " 6.4
MeOH 1.62x10° 1.63x10° 6.04x10°
H0 7.97x10” 9.36x10” 9.03x10”
560 o 4.1 0 8.4 0 10.8
MeOH 1.92x10° 1.12x10° 8.35x10°
o7 B, 52 AFEAM AR g FgstEA 53 13l0lA 33 72 =" FE HIAAG. 100
Ea2)ut 20| pinhole & defect7} A AoE A nm silica powderg o] &3 13+ /AL THA)S HE
Zreth, A, F4% A3x 2 {4 Aoz 24 o] vacuumS ZojF 1 9 silica powderE ¥ H}
< HZA5e Bart k. AFE 60 mmHgol| A 402 E F 923 KollM 2417+ 2484171 HHoE 33}
Sob A silica THo) A9 dEEe] BF $37 B Aok vauminE ol&3d 13 AR wB)e
2 AF7} 245 A3sle $538 57 AE B & boehmite solol] 223 423 SUSE 2447 Yof F
AL etk 5719 vgg EEEe 1 €499 Akt A2 A 24A12F AZA7]12L wiR7EA| & 923
A 24 g2d 2sr7h WS ojdmPT] "ol Kol 2A4AZTH o|@A 134 Ade] B HEL
523 K9] m2oA $37/mMee EFE g @ A v-aluminag o] 83t 23 FHF = UL soaking-
& AFsh 49 =AY, Piera28] S& AFH  rolling§ o RO 13014 35714 SR

) et

zeolite 2HS o] &3}l 523 Ko A 57 FH &= 2.8~
107 mol(m* s-Pa), $Z7)/mere BEA4 2.8 A%
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T gugyoez A3 silica 2
77} 9.03x 10”
mol/ (m*-s-Pa) F 10.89] A%< el HdE A
o2 AyZtdd

O34 F5 AAAY 5E AE 2 570 F 38

ge 527, ee 4d F3t 2o B4 24
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Table 3. Permeance and Selectivity According to Support Modification
No. of cdated 1 2 3
Y ALOs permeance selectivi permeance selectivi permicance selectivi
membranes (mol/m’ - s - Pa) clectivity (mol/m’” - s - Pa) ke (mol/m2 -5 - Pa) v
9 -8 -9
H,O 9.94XIO.9 47 1.24><10-9 55 7.85><10-9 6.0
MeOH 2.12x10 2.24x10 1.32x10
.8 -8 -9
H,0 1.69><10_9 44 1.23><10_9 6.1 6.80><1()_10 108
MeOH 3.84x10 2.00x10 6.31x10
A: Si0O, pyrolysis (560 mmHg, 1 h)/¥-Al,Os(1, 2, 3)/100 nm SiO,
B: Si0, pyrolysis (560 mmHg, 1 hyA-ALOx(1, 2, 3)A-ALO; (24 h)
A AL o= B #E7HA] fF3 o Fi= EF 21 E s
dEsl UL gaolx AN Z2RE RES S5
& & Qv AzkdEnh 1.J. G. Marcano and T. Tsotsis, “Catalytic
B @7 E0528 AHEHE silica-alumina 9] Membranes and Membrane Reactors”, pp. 15-80,
AE A7t £ Wiley-VCH, Weinheim, Germany (2002).
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