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ABSTRACT

The permeation of gas through polymer membrane at temperatures above its glass transition,
generally occurs by a solution-diffusion mechanism. This mechanism is performed by the affini-
ty difference between polymeric materials and gas molecules, and various technologies, such as
copolymerization, impregnation and so on, have been researched to improve the affinity of poly-
meric material for the gases.

In this study, permeability and selectivity for some gases were obtained from steady-state
rates of gas permeation through silicone rubber membrane which is prepared by supercritical
fluid extraction method. The permeability was measured by the volumetric method proposed by
Barrer. Permeability was increased generally with temperature and permeation pressure. Sili-
cone rubber membrane shows a higher permeability to COg than to Og, Ng. This results probably
reflect the relatively high solubility of COz in silicone rubber membrane, which is due to the af-
finity of CO; molecules. Since separation powers of COg/Ng, CO2/0; were more than 200, and
100, respectively, it is able to separate CO» from the air, and the optimum temperature and pres-
sure was 328.15 K, 60 cmHg respectively.

In future, it is possible that the silicone rubber membrane can be used for separation or con-
centration of CO, through experiment for mixed gas separation.
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Fig. 1. The solution-diffusion model describing
mass transport in nonporous membranes.

¢ ook &8-gaude 10408 713E 2e
A membraned]H o] 7ATHE, 73R
o34 membranes]| 9] 7|AFIHE AFe Bd
oc}.? &3)-2t4t R Fig 14k Ze] 7|47}
membraneE @] L35, £8° 7)d+= mem-
branet| 2 #4ts}e] F3s = WAUFLRA L3
o gz a2} AN Fepr} olfoizle}. wzt
A Bt} 34 membraned §3ske 7)A9 FIRAL
e 71ge Qg JIAEAE #FEAE, mem-
brane®] 724 44 4 g, £33 /)49 44,
membranes} F3} ALY A5AE Fol 9
WA ek ol AATIR Aol E (free
volume theory)3} ¢]%4%o]&(dual sorption the-
ory) o2 A%E & Slch. AHrTujo)2e wed 2
2 A digo] 1A UEHsE doA 2}
58 B 1o AAET, o] A Ee T
% &8 F1A7) 245X 22 membraned T
Aske aiA e BAA, 7t B 5
of 9% A =} w3 £ 2709 wet
ol 4 d& HArY I F YA AL E
Aajejo} v, o|9} & ARHIE F3}e] 7|AE
A7} Gaste A4l EAHGE o e #AU)
AL



71 A 53}l 2l Silicone Rubber Membrane®] 754 A]¥ 39

37|14 0t 7|A9 Elxeln, & EoA o]
ot 2 JIARAPL & JY9 PR o
+9 FYPAE Tt T2k o ). o)F
T2o|EL Henryd HA& gz 7| LA} 44
He 44 4AUES} Langmuirge] 3 524%

BE BHENEE 4E ek 49-34 B
92 2o gEshs FHAS PE b 2L 4
o2 FHY ¢ drp0

O (X — @

3NN D% See 47 A 485 ASE
uehdtt, Ee Ept4HE 3853 Epe 34
e A3t uAe|z JHse 4949 deks]olr).
A (2)& membraneo 2 o489 781 4Ao] T
FAHrubbery state) 3-8 $-2jAH(glassy state)|
el wek 7|2H ] Falo] WalsA el

m. & #
1. AlES| H=

Silicone rubber-gHit g A8 BAMEE((F)F
o}3}3t, 99%)< silicone rubbere] FAUatA EARA|
#A A|z3kc}. Silicone rubbers} ebilz4e) F23)
e 98 AL kneaders olg3sled,
gum el 9] silicone rubberE kneaderd] Qe % &
A silicone rubberd] 70wt.%7HA ZFA A
74 FuA 52 M4815KE &8 A7 S5
g8 F9ich. 239 silicone rubber-ghik S
500g RZske] 7}A| (crosslinked agent)sl 2,5
dimethyldihexane-g- 5.5g 7Ftod roll millo|4] 14]
et EA £ 7 12mm FHE oldsto]
448.15K, 38bar9] gt o 2 103-5c A¥sle] x|H
& Azsprh

2. ME Ao HFYY

% A5A 5% (supereritical fluid extraction )yt

1. Gas cylinder

2. Water bath

3. Gas supply gauge
4. Permeation cell

5. Vacuum gauge

6. Vacuum pump

7. Membrane

P : Pressure regulator

Fig. 2. Gas permeability apparatus.

W) o]3) 4238 silicone rubber membrane?] 7}
FHASE 2387 g APAXE Barrerd] 9
3 29+% volumetric methodd o]4-3}e] A2t}
o I8 Jj2e & Fig. 20 vhehgich. ol ¢7
1/4" 2 Qigx #& AHeed 429 FH5A cell
9 A7AL 55.85mmZ Fyrt. AYREY Ryl
49.61cmio|n], W3S 7H2A17)7] Y8 cotton
wool #4217tk ¢4 27459 dhiel L& o
A FAA717] A48 FL2F ol4sigirh. Ao
o435 silicone rubber membraned 308.15K,
272barel A 347} 5ot BMAMEES 8] Axd
gom 8~ AAe] 80mm, FA7} 12mmel A& A}
4319rk. =3 membrane Ao TS A7
A|A membraneo] & 5 FolAe AT W
Astelct. 27) A AFHLE ol43}e] AT
e fAsan, 1309 AHnRRE ¢ 247)0
A3 2= FFEE AE 7o A ¢
#z17} dA3 78 membranes FH3HA He
o, €At dAsA FAE 2l
gaugedl] &8 membrane®] Ao Al7ke] w}E
g 2715 248 TJATHEE SA 5. A
ol AT A oibRlA, A, ARk, FA0|
t}. A8 308.15, 318.15, 328.15KE dAe}
A Astsiod, ZHEe At kA 60,

Elastomer Vol. 33, No. 1, 1998




40 ol -

75, 90cmHge]c}.

V. gt o 0%
1. Silicone rubber membrane2| M|=EM

Silicone rubbere 1EAFNA 7149 Fes}
Frtd ZIAEe S AR de o8z 9t
b B 794+ silicone rubberd] BRlz4E
A7)s19 silicone rubber-ghilg A|HE A2 ¥
294 oA E o|4dle] RS FE3n
24 EuAo] Z7)%t membraned AZa}gc}6~7
Fig. 3& 327k 02 ehibdg 3339 Wil
vebd 23olt}. 3E417k0] F71tel ube} ehAbde
9 &L bk %S Jehidln, $539
F7HeL AR ol F o 2k A% Jehildl
t}. Fig. 45 A% Lxol4] 4o Wale) nj2
BET wjzwAe wils Jepd 2oc). oo
172barel 4 312bar2 Z7)3he| el shalagre) %
%20 27139 silicone rubberd EwAo) Z7}s}
Hor} 277baro|Ae] stgel A 5% F7HE<]

BET Surface Area [ni/g]
.S
!

3.0
2.5 foerreieninens .............. ........... .............
§ : : i :
VX1 ) — o ol LRSS S AR N
g :
: 172 bar
; : u 207 bar
1.5 S , ............ ,‘., A . 242 bar
: : v : 277bar
¢ : 312 bar
o T
0 1 2 3 4 5

Extraction Time [hr]
Fig. 3. Extract amount of CaCO3 with extraction

time.

detr~Ew A 334 A 15, 1998

—e— : 308.15K |
6] —8— 1 323.15K o —

—a—-: 343.15K |

160 200 240 280 320
Extraction Pressure [bar]

Fig. 4. BET surface area of silicone rubber mem-
brane with extraction pressure.

Ardtgong $AZAL 277harZ 4t} =
LEZAL 32315, 343.15K0) vld gz &
3] 714 B3 wigEo] 71} & 308.15K2 A
AHalgct. weba] 308.15Ko4] 277bard] ¢Eog
3217 22ZAS 4389 silicone rubber mem-
braneg AZ3}%ch. o] u membrane®} BET %9
A& 27| silicone rubber-gHitzZ A|He] THA
2.10m%/go)A 5% 558m?/go & Z7ldel & &
93¢ 7Z+= silicone rubber membraned A4
o,

Fig. 5& sl %< mE silicone rubber
membrane 9] 7] Z A 2 7|FEEE SEM(sca-
nning electron microscopy) & o143t #53 kAl
o}, Fig. 5(a)+ $&4 A4 ARl 0.2 7130 A
9 ¢&s 4§ A, AN FAARL Bk
o2 A FUshA £2H] & & 7 Ytk
Fig. 5(b)+& 308Kel|A] 277bar9] §}H e 2 ehilat
& %33 ¥ A2 silicone rubber membrane?)
gd Agle s 254 A ujg 7)o Bo] B4
Hol gl&S & & deh



71 A 53]} 2§} Silicone Rubber Membrane?] 7j%54 A|&@ 41

A_ DS

) = — = b e, (4)
7B DS

ubro Fiinel ATy uhulE AAE 71
nZ, Foue AP Fo7 R Fels(sepa-
ration power, SP)& AYstuzs Hd Addy
45¢ 458 + Sl

(a) Silicone Rubber-CaCO; Composite Sheet

3.

d!

Yxzol| WE SUTe| ¥

AES} ARe 24 F 2 A9 SHEs
Table 14 vtebigict. Tableol ) & <= §1%o] 0|4t
setagt o A 7139 vl 3~6u) Ax £}
7t HgeH, 2o R A, Ak, AL o
2 2 FIHEE veblgich 7147} 8)-24 WAY
Zo] 9] B|t}ZA silicone rubber membraned F
ke A% Bl 7 Be Sav) M 2 5
S5 7HHek dARE, ok 7)Ao s EAlego] 2 o

(b) Silicone Rubber Membrane }ﬂ_'i]'% _,;:7]_ 7]_%'_ a ‘Tf:‘ ;]_E% E(ﬂ 7;1 o E}”E“ 7] ﬂ] 0“

Fig. 5. SEM Micrographs of silicone rubber-CaCQO; #)a] 8AF=& o1l silicone rubber membranes
composite sheet and silicone rubber membrane. o A3, = o)A Hildebrand sizbole|(8)7}
oAsfekA, AbA, Ao 123, 82, 5.3MPal/?

2. Bt Al M

. = _ Table 1. Gas Permeability of Silicone Rubber
Aol o 23T Ap/ A5 ol4sted e 2 s Temm
_9_: ANogd BEY 2 Ars 3
He2 FAR(DE ANt Temperature| 4P Permeability [barrer]
[K] [cmHg]| COz | N; O, H,
_dp v [
P= __? $—76(273+T) B PN (3) 60 1802 | 288 | 524 | 450
bha 308.15 75 2609 | 314 | 633 | 601

90 | 2772 | 347 | 678 | 813
Q7|4 Ve AYRE &9 2y, [& WA & 2L 60 | 1786 | 311 | 501 | 543
membrane?] SA, Ay A7t FEQke] Aot o) o} 318.15 75 | 2448 | 364 | 557 | 633
e 371, Te ALY 29 &5, e 7RHE 29 9 | 2637 365 | 614 | 931
60 | 2014 | 318 | 496 | 674
Golct. 3 T3} 7149 AdA ERAL A
AN

i 328.15 75 | 2386 | 405 | 525 | 751
(selectivity) o= EF3}d, of= 7+ ZAA £53 90 | 2619 | 460 | 597 | 924
7149 £ o] u2 chea} 7to| Aol *1 barrer=10"'%m3(STP)/cm-sec-cmHg

Elastomer Vol. 33, No. 1, 1998



42 SERE D

Z AR g A4 membraneZHe) 2 $-3%7] o
2o Agdoh o2jg FHEY A+ 313.15K
4 43 silicone rubber?] FIHAY Ao} A
k. =9 sisHee A A 9%
£ 3 Az $49 Atde vldsdod, ot
gebag} 429 Sl 2.3]8 whuldstgct. £
& silicone rubber9] 7% 593cmHg7}A ¢H39
d3fo] A9 ¢lolert! Aol AW silicone
rubber membraned] A ¢ AE gfHALe] o]
Yo FA 4 ek 2 T4 T
t olsletad} Abad] 74 328.15K, 65cmHgel
Bz A A Zzt 2772, 678barrere] FHujzhe i}
ehgls, As= 328.15K, 90cmHgollA, F4&
328.15K, 75cmHgol A 2+ 460, 931barrers) o)
& vehdolct

4. o|MBlEIN o] SRS B SYZTUY HY

AL FoEERE 74 JAEY Addsd LelE
£ Axegit) 9714 AFEE oAl AHERA
gd ARy 7R vz AL, v
(5)A} o] FHEs} Aldwetel Fo2 FHo
duh} & AddA FIxg Z2EAE delle Aol
t}. Fig. 6& Aad] g ojitsietare] Adze} &
gl S Jebdl 18ejd, 318.15K, 60cmHg ol A
8319 714 & g Jehjglor) o] 2AdA
osleta g FAwI} AHoE oty AdA F
22 Jehie 22l5e 328.15K, 60cmHgoelA
221.48 x 10-8cm3(STP)/cm.sec.cmHg 9] 722
gk vepsict.

Fig. 7& Atzd g o)Astetr o) Ades} 23
5& vehdl a8lofe}. 318.15K, 90cmHgellA AlE)
57} 4542 71 £ g JeiglL, Ho) 2
328.15K, 90cmHgolA] 114.99 x 10-8cm3(STP)/
cm.sec.cmHg ] 7H& vebiglch. 22} 328.15K 0
A 71Fe} Aoke] okEAe) o] A glo] A
&9 Fg Ee5& v 249 60cmHgE Ad

da}~Ew A 33Y A 13, 1998

30 - 350

—o— : Ap=60cmllg
—®— : Ap=T75cmllg
24 | —a&— : Ap=90cml Ig

300

1.

Selectivity [ - ]

SPx 10° [cms(STP)/cm sec cmHg]

3.0 3.1 32 33
1T x 10° [K]

Fig. 6. Selectivity and separation power(SP) of
(CO,/N3) by silicone rubber membrane.

—®— : Ap=060cmilg {39
o PR Ap=TSemlly
ISR ol —ar s Ap=90cmilg |11

1
=
=]

™
T
i

~

1)

Selectivity [ - ]

ES =
SP x 10°® [em*(STPYem sec cmHg]

[
=]

5
-1

3.0 3 32
1T x 10° [K]

Fig. 7. Selectivity and separation. power(SP) of
(C0,/03) by silicone rubber membrane.

R
-

—_—

¥ 5 gled, me o] 2N $AE Bt 37
(Aat+A2)39 oliseas 223 4 &
Ao ARdrh 291 g JAE Al AdE
o Felee Fhe Aot 27| 47] deel 1~2
REs Adsg ehfge. AdEg elsd o4
270 weh ot AL ez Al BRI
Lh FE5E, TR AQRY FEAE A
g ujzd 2 g depie A & 5 Ao =R
328.15K¢ x4 sIgHpeh AR HEAA

2,
fifo



71 A &3} 93} Silicone Rubber Membrane?] 7)54 A3 43

60cmHgQl Z71el|4] ojabatebael] g Ak, A29|
Adz gt Fefso] 7 2 g dehhgic. webd
FF AA EP7NAA AT 734 AES $ste] o
AgRa 2] membrane® 249 o47b5AE A
Aletz At gt

v.d E

oY A2 ¥ silicone rubber membraneo]
7IAEeE membraneo 29 o4 7he¥HE Fald
dch 7 71AY] HAFIREE ojAbstEkA, 4, A
Az Foldiet. £ Axe} Ard g o)Akst
9 Felse] 247 2003 100014ke vEidle
37159 osRAE 55 . HEY F oS
o2 AsHT, 1 g IA L)z oAbt
a8k Ax, Aad Lol M E e Vel
328.15K A 7hsHte} AsHt9] ¢h8Al 60cmHg
olglch. #3% VA dF ARE AL st
W75 ojtslebie] Hel W ¥EF A silicone
rubber membrane?] o]4 7FsAlE AAE F 9e
Ao & AlgHr}

S >

A

¥ AT SURL tad el A8 o4 o
Foj2) @7Ashols) Q] ARl A=,

=BT

1. Ho, W. 8. W,, Sirkar, K. K., “Membrane Hand-
book”, Library of Congress Cataloging-in-Pub-

10.

11.

12.

13.

14.

lication Data, NY, 1992.

. Kammermeyer, K., Eng. Chem., 49, 1685

(1957).

. Mulder, M., “Basic Principles of Membrane

Technology”, Kluwar Academic Publisher,
Netherland, 1991.

. Stern, S. A., Shah, V. M,, and Hardy, B. J., J.

Polym. Sct., 25, 1263 (1987).

. Baker, R. W., Yoshioka, N., Mohr, J. M,, and

Khan, A., J. Memb. Sci., 36, 477 (1988).

. Lee, S. B., Kim, H. J., and Hong, L. K., Hwahak

Konghak, 34(4), 401 (1996).

. Lee, S. B., Kim, H. J., Jung, I. H., and Hong, L.

K., JIEC, 1(1), 83 (1995).

. Takeshi Matsuura, “Synthetic Membranes and

Membrane Separation Process”, CRC Press,
NY, 1994,

. Hwang, S. T., Kammermeyer, K., “Membrane

in Separation”, Wiley Intersci., NY, 1975.
Crank, J., Park, G. S., “Diffusion in Polymer”,
Academic, NY, 1968.

Barrer, R. M., Skirrow, G., J. Polym. Sci., 3,
549 (1948).

Barrer, R. M., Trans. Faraday Soc., 35, 628
(1936).

Rabek, J. F., “Experimental Methods in Poly-
mer Chemistry”, Wiley Intersci., NY, 1979.
Barton, Allan, F. M., CRC Handbook of Solubili-
ty Parameters and Other Cohesive Parameters,
Florida : CRC Press, Inc., 1985.

Elastomer Vol. 33, No. 1, 1998



