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PTMSP-PDMS graft copolymerE /433t 12| PTMSP-PDMS graft copolymere] TEOSS &2 15, 30, 50 wt%
E gyt &4 P 9] PTMSP-PDMS-silica 5 3ES #2319t PTMSP-PDMS-silica/PEI E¢9¢] &334
E4-2 'H-NMR, FT-IR, TGA, XPS, GPC, SEM 5& AM83to] ZASIQ AL, Hy, Oz, Na, CO,, CHs, n-CiHyo 7149 T3 7
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Abstract: In this study, PTMSP of high permeability and high molecular weight was synthesized, and PTMSP- PDMS
graft copolymer was synthesized from poly[1-(trimethylsily)propyne] (PTMSP) and hydroxy-terminated poly(dimethylsilox-
ane) (PDMS). The PTMSP-PDMS-silica composites were prepared by the addition of 15, 30, or 50 wt% tetraethoxysilane
(TEOS) to PTMSP-PDMS graft copolymer by sol-gel process. To investigate the physico-chemical characteristics of
PTMSP-PDMS-silica/PEI composite membranes, the analytical methods such as IH-NMR, FT-IR, TGA, XPS, GPC, and
SEM have been utilized. The gas permeability and selectivity properties of Hp, Oz, N, CO,, CHs and n-C:Hjo were
evaluated. Permeability of the composite membranes increased as TEOS content and pressure increased. Selectivity of Ho,
02, No, CO,, CHs, and n-C4H;p showed the maximum value at 30 wt% of TEOS content and decreased thereafter.

| Keywords: PTMSP-PDMS-silica/PEI, composite membrane, sol-gel process
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Fig. 1. Synthesis scheme of the preparation of PTMSP-
PDMS graft copolymer.
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Fig. 2. FT-IR spectra of (a) PTMSP-PDMS graft co-
polymer (b) PTMSP-PDMS-silica containing 15 wt%
TEOS.

4000 1000 400

I 9F%F EA(TGA)S 735 PTMSP-PDMS$H PTMSP-
PDMS-silicas 2+ 50~800°C, 50~1000°C H = s}
1, scanning rateE 10°C/minZ 3t FAEAE 54
g+ tr. 4 2¥ PTMSP-PDMS-silica/PEI E31 o]
AAE Si0E &3ty fsted PHI (Wl=)AF 5800
XPSE BA3 4\, BT+ 45°2 A EFA 30~50
A7MA 2R 389t PTMSP-PDMS graft copolymer©]
3 YA EAFY FHFFAEAFS Waters (7))
A} model 440 GPCel &3] 543%™, PTMSP-PDMS-
PEl' £%t5te] 97 &+ Hitachi (¥ 8)AF model S-
4200 SEM< o] &3t #&3}H T

e,

3. 28 % 1#

3.1. DEXte] Fx2f &4

Fig. 2= PTMSP-PDMS graft copolymer$} PTMSP-
PDMS graft copolymerd] TEOSS] TZFZ 15 wthE
3ted A %3 PTMSP-PDMS-silica®} IR spectrum= 4
Bl Ao|tt. Fig. 294 EH PTMSP-PDMS graft co-
polymerel| THE Fou7t B A7 A Hi[23]€
A7 25 X5t 9a, Siool ¥ Si-0-Si¢ 4l
ZA%9 7)28 F50r7t 1000 cm” ~1100 cm’ F2
oA, Si-OH A& 5] 93 F5urt 960 cm ol A



PTMSP-PDMS Silica/PEl ¥-3}2te] 2|z @ Z=3EA 149

Chioroform-~d

{a)
§ ; . :
el 183
o g o
Chioroform—d (b)
5 ppm 0
3 = 8
fas] o o
i ] |
Chloroform-d )
i ! : '
5 ppm 0

Fig. 3. '"H-NMR spectra of (a) PTMSP homopolymer (b)
PDMS homopolymer (c) PTMSP-PDMS graft copolymer.
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Fig. 4. TGA curve of (a) PTMSP-PDMS graft copolymer
(b) PTMSP-PDMS-silica containing 15 wt% TEOS.
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Fig. 5. XPS spectrum of the dried film obtained from
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Fig. 6. XPS spectrum of the dried film obtained from
PTMSP- PDMS-silica containing 50 wt% TEOS.

0] Sipl o]} silica EYLE Q18] k7t o) FH
A4S el . &3] Fig. 894 BH Sio, 2%
A AQ] 103.25 eV FoA 2ol Y& FHolart y
EFUAL g 18]l GPColl 93 BEAlyg R¥EA A
7t PIMSPY M, & M, & 22+ 410,000, 530,0000] %)
©.W polydispersity (M, /M, )= 1.300] 1t}
PTMSP-PDMS graft copolymer®] M_3 M,
460,000, 570,0009] #<S YEM I, polydispersity=

1.200)20t}. ©]9} Zo] PTMSP| PDMS7} S H o] <

rlo

247

Hug el A 18 @ A 2 &, 2008

o,

‘

N(E)/E
3 B 8 &8 8 8 @

o

DU YRS DT SN FUUUY WS T N DU SEUUY AU SHE NUSUR S S

110'11310610411210098969492
Bincing Energy (eV)
Fig. 7. &, XPS spectrum of the dried film obtained from
PTMSP-PDMS.

:

o

DT ORI WY VN [UVUS TUNS NN VNS UUUUN SN Y SUUUR: DT SR |

110 108 106 104 102 100 9B 9% 9 R

Bincing Energy (eV)
Fig. 8. &, XPS spectrum of the dried film obtained from
PTMSP-PDMS-silica containing 50 wt% TEOS.

o] PTMSP-PDMS graft copolymer®] 43 223}
SHYFEAF ZF PTMSPRET F71d g Rolx
0] graft copolymer’} AZHIASE AT F AUA
t}. Fig. 9= PTMSP-PDMS-PEI E3§ute] SEM #&4
IE Yehd Aotk AAF<Q] PEIE finger-like 7£2E
Holx 9o Mdze FAE ¢ 104 umo]t}.



PIMSP-PDMS-Silica/PEI E-gtule] A% 42 E3i5A4

Fig. 9. SEM micrograph of cross-section of PTMSP-
PDMS-silica-PEI composite membrane.

3.2. Sgtake| J|MFa &AM
3.2.1. AR (Critical Volume)dl| tE J|xE3tE
Fig. 102 PTMSP-PDMS-silica/PEI %-38tut9] silica
so] B2 )A9) EREIL AHS AA R
ot OB A HSEAE Yolry] Y3ty TAZ Aot
PTMSP-PDMS/PEI &3% 3 PTMSP-PDMS-silica/PEI
S4E2 71AY QARIIE Fohgel gE 2 714
(CO,, CHy, n-CyHy0)8 FHEE SVl @48 Hoj
NI, 2+ 71AHy 00 N2 SHEE
ddS Hola Utk o9} 7 d44S PTMSP THoj A
ERE A3 ¢
= PTMSP o] %3}
ATH17,25). Fig. 10914 »W H, CO, CH, ¥
n-CsH 08 71AEIAEE N, BT 54 Yehd=g o=
A8 A7|7} NEEE BERmrt dase EYA
T4 2L FEY LEAYSE g2 VAEREAS B
ol ZoE FFA0 =& JHdME &= 7o
7F A3 AL A A E e 7)dr 2] wfEel
S o
al

K

Tashe

o rott

>

ok
=

rir i

,1\_]-_
ROz AZEH o|2F A2 Pinnaud] -1+ AI17]
JqME 2 A3 Holz gt

3.2.2. TEOS &=l mz J|xEnT

Azd By TEOS #Fd wE 749 Eix
E Fig. 119 EAEAT 7153 21< 30°C, 122.5
kPa® A3l 7|A9 Ed=E £43% Az} TEOSY

151

| —®—PTMSP/PDMS
—a&—PTMSP/PDMS-silica (15)
[ —m—PTMSP/PDMS-silica (30)
- —¥-—-PTMSP/PDMS sitica {50)
10000 -
v
£
2
=
% -
e
e 1000
o C
-
-
100 N i 1 I i } N 1
50 100 150 200 250 300

Critical volume {(cm’/m ol)

Fig. 10. Permecability of PTMSP-PDMS-silica/PEI com-
posite membranes as a function of penetrant size. Me-
asurements were conducted at 30°C and 122.5 kPa.
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Fig. 11. Permeability of PTMSP-PDMS-silica/PElI com-
posite membranes as a function of TEOS contents.
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Fig. 12. Effect of pressure on the permeability of H, in
PTMSP-PDMS-silica/PEl composite membranes.
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Fig. 13. Effect of pressure on the permeability of O, in
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Fig. 16. Effect of pressure on the permeability of CHs in
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