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For effective CO2 separation using pore size controlled membrane, silica was deposited in the mesopores of a 7
~alumina film by chemical vapor deposition of tetraethoxysilane (TEOS) and phenyl-substituted ethoxysilanes at
773-873K. The membranes prepared with phenyl-substituted ethoxysilanes were calcined to remove the phenyl
group and control the pore size. The gas permselectivity of prepared membranes was evaluated by using Hz, COg,
Nz, CHs and CsHz single component and a mixture of CO; and Ni. The membranes produced using TEOS
contained micropores having permselectivity only to hydrogen, but the phenyl-substituted ethoxysilane derived
membranes possessed micropores which are recognizable molecules of CO; Nz and CHs In the diphenyl-
diethoxysilane-derived membrane, the CO: permeance and selectivity of CO»/CH; were 10° m¥STP) - m™-s™ - kPa’
and 11, respectively. Therefore, the use of phenyl-substituted ethoxysilane was effective in controlling micropore
size for CO; separation.
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Table 1. Separation factors by Knudsen diffusion and
molecular size

Separation factor, (A/B)* [-]

Molecular
b

A8 H C» N CH CHs sizelnm]
H, - 469 374 283 469 0.26
CO: 021 - 080 060 100 0.33
N; 027 125 - 07 125 0.36
CH, 035 166 132 - 1.66 0.38
C:Hs 021 100 08 060 - 0.43

a Separation factor by Knudsen diffusion, (A/B)
= [(muw. )/ (mw.)al”® in where muw. is molecular weight.
b. Molecular size based on Lennard-Jones potential ®
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Fig. 1. Procedure for the formation of a 7 -alumina
film on an « -alumina tube.
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Fig. 2. Schematic illustration for pore size control by
phenyl-substituted ethoxysilanes.
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1 1t
Ribbon heater Soap film meter

Support tube

heater Vacuum pump

Alkoxysilane

Pirani gauge Qulartz tube

Fig. 3. Experimental apparatus for membrane modification
by CVD with forced cross-flow.

Table 2. Properties of alkoxysilanes used in this study

Molar  Boiling Density
Alkoxysilane Formula mass point
kgmol '] (K]  [Mg'm”)

Tetraethoxysilane Si(OEt) 0.208 442 093
(TEQS)
Phenyltriethoxysilane PhSi (OEt) 0.240 509 099
(PTES)
Diphenyldiethoxysilane ~ PhSi (OEt),  0.272 81 1.03
(DPDES)

alkoxysilane®] E#3} ¥lgo] y-alumina® FH¥EQ
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Fig. 6& TEOSZ¥E ¥4 silica %ol AL 2
ol B2 wEhA FREEE Jepdn @ QT4

AbEE 714 2219 27]E= Lennard-Jones potential 25
B 7¢ Aoz FdosRy 94394 TEOSZHH
FA B BF Fid dEiAvt AE S ey,

g2 7| E Aol g **E—“I*JS A9 k. AE el silica
7t AEgl et AFEY 4 (Pe)ol Zastez, G
P ZANA §AT GAFE AAFHQ 71AY Fap&
=7t #AAsa oy, a9 AYANT =24 fAHn
Uz JAE *}014 A el 4o Knudsen E‘“*M] o &
AT B < AdolA wW3asl 3121‘4 , TEOS
2R #4493 ‘1}3 Fao Ay 2 T4 E 2 A
A48 AAUE HTEo] ol AHY 9,1—-°— & 4= it

Fig. 72 TEOSA 3 7)9] phenyl”|7} %18 %¥ PTESZ
e A silica %9 Z1AEA 27 wE gEAA

HEads

H, cO, N, (CH‘ C3Hy
1 T L

10 T . T
A
=]
:'ﬂ
T a1
&
)
E
k=
*
3 0.1 1 permeation
i=1 lempcralure
g 0@ ;303K
§ D& 4Tk
a A A 6TIK
0'01 1 1 e 1 1.
0.2 0.3 0.4 0.5

Molecular diameter [nm]
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Table 3. Permeances and separation factors of membranes
formed at Pr = 500Pa

. Perm. Permeance * 10° Selectivity
S emp. WSTPrm%s'kPa']  Hy/Ne CO/CHi
source
K B 00, N CH  B)  (©5F
TEOS %3 164 024 031 03 53 062
M 22 0% 00X 04 69 06l
PTES 33 385 12 06 08 62 15
43 506 083 0K 089 79 0R
DPDES 33 107 179 02 016 87 112
M 112 074 018 013 62 57

a : Separation factor by Knudsen diffusion mechanism

CO,0or Ny

Fig. 9. Micropore model for DPDES-derived membrane.
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473 K2 A3l oda 895904 4112 Z4sH o7
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etz Z& FH&EErr = AR o AHF &=t
A single-file B3o]&Ve) dede] HETH Fa)
e Ao wadd ¥, ALegolE TME AT
Tz L FHEYY 98, CO7b T F2gel whet
EFAANA Nool FHE£Er #Astg BeASst $7t
st A#HE dehn”

A
E
=
E

E

Table 4. Single and binary permeation of DPDES-
derived membrane

Perm. Permeance X 10° Selectivity
Feed
temp. (K1  C0, No COY/N;
Single 303 179 0.20 895
473 0.74 0.18 411
Binary 303 0.31 0.22 141
473 0.34 0.27 1.26

wheba, B d7oA §A4E ool gdel i Co: ¥
e AggelER 23, COt FHeE AT 2
71€ Y-8 AlgdelEe 4 72 074 nm B} &
HeldA gAHo e A2 JZdn

AN —
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AN, Dr © BAAS R L& 714 44, T & &3
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Table 5. Effective diffusivities through DPDES-derived

membrane
Perm, Deff x 10° [m"s ']
temp.[K] H CO, CH, CsHs
303 240 40 37 0.32
473 400 26 45 054
673 580 22 98 0.70
4.3 &

g o] &3ld COE adzoez NeFn §es}r
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