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Separation of Hydrogen-Nitrogen Gases by PTMSP-Borosilicate Composite Membranes
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2 ok FAY 4o t-FA borosilicate trimethylborate (TMB)/ tetraethylorthosilicate (TEOS) 4] 0.01~0.10 2
AE 700~800°C 2=H oA FAY ade W dojxth BETS SEM #&o| o3t 700~800°Co A €olZl bor-
osilicate®] FH 22 251.12~355.62 m'/gol 1L, 71 FAAL 3.5~4.9 nmo|H, YAZ7E 30~60 nmo] Atk TGAZ A <
3} borosilicate”} poly[1-(trimethylsilyl)propyne](PTMSP)9l| 715 $1-& @l PTMSP-borosilicate 5399] €4 ¢hg4L 3
2 FAh SEMB R 23 borosilicate: 1 wm A712 B ol E4kE ] otk ZAES A 23hH PTMSPO
borosilicate ¥iFo] Stk A5, FF, 71FEC] SUlet ZAFATL el gatel o7 AR BAAAE, FHSY,
Knudsen 2Hitol oel dojub= A97 AR S7HECE A Hok oo B3 es F7ketal AEE(H/Ny)v 24385

Abstract: The amorphous and porous borosilicate without any cracks was obtained under the following condition : 0.01~
0.10 mole ratio of trimethylborate (TMB)/ tetracthylorthosilicate (TEOS) and the temperature of 700~800°C. According to
the BET and SEM measurements, borosilicate heat-treated in between 700 and 800°C showed the surface area of 251.12~
355.62 mz/g, the pore diameter of 3.5~4.9 nm, and the particle size of 30~60 nm. According to the TGA measurements,
the thermal stability of poly[1-(trimethylsilyl)propyne](PTMSP) membrane was enhanced by inserting borosilicate. SEM ob-
servation showed that the size of dispersed borosilicate in the composite membrane was 1 pm. The results showed that the
permeability of H, and N, increased and the selectivity of H»/N, decreased upon the addition of borosilicate into PTMSP
membranes. Addition of borosilicate may possibly increase the free volume, cavity and porosity of membranes indicating
that permeation occurred by molecular sieving, surface and Knudsen diffusion rather than solution diffusion of gases.
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atmosphere atmosphere

4

Mixed alkoxide solution stirred for 50 hours room
temperature under Ar atmosphere
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Mixed alkoxide solution added 4 mol H,O

4

‘ Hydrolysis

4

‘ Sol solution

4

‘ Gelation and aging at room temperature for 20 days

4

‘ Gel

4

‘ Heat treatment at 40~1000°C

4

‘ Porous borosilicate

Fig. 1. Flow chart for the preparation of borosilicate.
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Fig. 2. Schematic diagram of gas permeation apparatus.
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Flg 5. FT-IR spectrum of heat treated gel at 700°C.
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Fig. 6. FT-IR spectrum of heat treated gel at 1000°C.
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Fig. 7. X-ray diffraction pattern of heat treated gel at 800°C.

em'9) Si-OH A% 7]19% FFuE Yeh}A
93, 915 cmol A Si-0-B A& Tl 71213 F5u]
7F et 9l 700~1000° T oA o9}
2 55 4k Ugde offe w32 () 9falA
A E borosilicateol] 7]913t= Ao 2 HZET)

O
O
Lo
-

. \ /
B(OH); + Si(OH), —s JB—0—si- + nH,0 (2)

3.1.4. X-M 3|8 24
Fig. 7% TMB/TEOS| 4|7} 0.05% & &4& A

oA Azsta 40~1000°C = H oM et
o 42 A XA 34 dd F x4 As ve
W Aol

Fig. 7& 29 26% 15~30° B olx Az g &
gol ot We XA 3AE dolaE YERI 9]
800°Coll A EA st I AE7F FHIY L YA
RIS

3.1.5. 22|18 EM
Table 1> TMB/TEOS?] =H]7} 0.05¢] €4 42
oAl AsAZ B, o] AAE 800°C7HA EA A
< o A= AR Uig JFHA, V|FAA, 2R
NHE, 715E, 204 S 4 24945 U ot
Table 1& R ZRI/|IEE £
7VetARE 713 A, 7134, 1E
08 257} FUIEHHEA ZTAdte d4e
=H ole @A FAoA Ax
YA7F At 2 QAT §
SAAAY H71Fol B
Azt

rr o



PTMSP-Borosilicate &-3Heto] o3 #4224 7]4] Ego &g AT 443

Table 1. Physical Property of a Gel as a Function of Heat Treatment Temperature

°C 20 100 200 300 400 500 600 700 800

Total Pore Area (m’/g) 56.00 61.20 26.10 17.91 13.01 9.02 7.11 5.24 3.51

Median pore Diameter (nm) 4.9 5.0 53 5.5 4.2 4.0 4.5 4.9 35

Apparent Density (g/ml) 1.35 1.31 1.29 1.24 1.33 1.39 1.37 1.41 1.63

Porosity (%) 11.00 11.98 5.12 4.15 1.98 1.58 1.25 1.40 0.55
Surface Area (m’/g) 51439 53696  650.15  549.85  601.11  509.87  519.75  355.62  251.12
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Fig. 10. FT-IR spectrum of PTMSP.

Fig. 8. SEM micrograph of heat treated gel at 700°C.
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Fig. 11. 'H-NMR spectrum of PTMSP.

posc
mwW

Fig. 9. SEM micrograph of heat treated gel at 900°C. Toor
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Fig. 13. TGA curves of PTMSP-borosilicate composite
membranes as a function of borosilicate contents.
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Fig. 15. Permeability of PTMSP-borosilicate composite
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o] A7]1 E borosilicate’} 343 e]7] #E bor-
osilicate o] F7IstH F&H 7|FECl F7eH
ol gafit w7t Fol ofa 7A7E FAste B¢
2o EAAAE, HE4A Knudsen EH4tel o3 7]
A7y Edste A7t "LEHX4 oF ¢ WopgoEHN A
g7t st 208 AZHn

Z.7 ol ¢J& TEOS-TMB-H,0-C;H;OH A Z 5 A
Z% YA borosilicateS TMSPZH-E A% PTMSPY
0~50 wt% %715+ PTMSP-borosilicate &3t A %3}
At} 183 borosilicate, PTMSP, PTMSP-borosilicate =
gutel B 38hz EAS TG-DTA, IR, X-ray, SEM,
BET, 'H-NMR, DSC, GPCol| 2lajA zAtata Egtet
of 3t Fhet A4 T A4S 3 48 e 22
A2 4t

1. 482 42 434 borosilicate= TMB/TEOS
EH 0.1~0.01890lA dolzl AAE 700°C~800°C
oo A AT S W R 700°C~800°C A
o7 AzAA e TAAHL 251.12~355.62 mlg, 7%
AL 3.5~4.9 nm, YAI7]E= 30~60 nmo] T}

2. TMSPEXE] &4 H PTMSPY 3 FEAZH(M,)
< 410,0000190 2, F#FHFEAFM,)S 530,000
o fE Ao &5 (Te)E 224°C FZollA Yebwtth

3. TGAZAH 93" PTMSP-borosilicate &34t
310~470°C = 9folA 543 o] dojton
PTMSP®| borosilicate’} #7}=H E3tdte] &2 944
o] F7hst St

4. SEMZAo|| 9J5lH PTMSP-borosilicate 320l
B4k 09l borosilicate?] YA+ F 1 um UAATh
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