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ABSTRACT: Separation of N,—S0, mixed gas by polymer membranes, SEPA—97(CA), TFC, and FT—30 mem-
brane, was investigated by varying pressure and temperature. The permeability coefficients and the separation fac-
tors of mixed gases were measured, and the influence of various factors on the gas permeability characteristics
and separation performance were investigated. The range of pressure was 0.1~1.0 MPa, and that of temperature
was 283~303 K. The experimental results showed that the permeability coefficients and the separation factors
were increased with an increase in pressure, but they were decreased with increasing temperature. Among the ex-
amined membranes, FT —30 possessed the best gas—separating characteristics.
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1. N; bombe 7. Mixing tank

2. SO, bombe 8. Pressure gauge

3. Regulator 9. Permeation cell

4. Silica gel 10. Back pressure valve
5. Flow meter 11. Soap flow-meter

6. Needle valve 12. Titration bottle

Fig. 1. Schematic diagram of experimental app-

aratus.
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Fig. 2. Influence of pressure on the permeability co-
efficients for SO, and N, at 293 K(FT-30
membrane).
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Table 1. Gas separation properties of polymer
membranes at 0.25 MPa and 293 K

Membrane Po(S0,)/Po(N,) Po(SO:) Po(N>)
CA 34 1122 33
TFC 58 1851 32
FT—-30 112 2449 22
Polycarbonate - k 17
{91
TCP-T[9] 71
Seragel-70[9] 808
Seragel-2170[9] 589
PVTMS[9] 11
Silar[9] 25

—Unit of permeabilty coefficient Po : (107" mol - m/

m? - s - Pa)

Table 2. SO, solubility and diffusion coefficients
in FT—30 membrane at 0.1 MPa.

Temperature[K] 283 293 303
Permeability coefficient
[107""mol + m/m?- s - Pa]
Solubility coefficient
[mol SOy/m*- Pa]
Diffusion coefficient
[107'* m?/s]

803 651 305

0.107 0.071  0.026

0.075 0.092 0.119

BE o didled FEAHA Aol FHAs A
A 2tzte] mhe] sl A dE g e A
o2 ek

Table 1lojAle t&e] 0.25MPacln 2%7}
293KY wel o 7ix mPATe] dg o4&
gAaxe Jeddled, Fuz 8 Agd A48€
atE 3 AddA AR R o AEE 44TH
Dytnerskii Fol A2 w9 F$E W3
gotth 2 Age] AgE HE FolMe 5P
FT—-300] 7% ®& AE7 Hold Aoz Yg
wrh #ug, 74 BYgez AL HEZ O
1MPag} gtaizt A& z7slejA SO0 U@
3% Po7b th& 1x107% mol - m/m? - s - Paoj| A
10x 10 ®mol - m/m? + s - Pa A X o]t}

Table 20} FT—30¢] 3lojAe] 2xwsle
& £3A5, $8A5 2 SHAFE e
th d7dM e FAATE S84 TdY A
A A st 7§ Ao R, of g FAAS
g ojg3tod RHASFE AR o EM B

Membrane J. Vol. 2, No. 2, 1992



140 HNAZE .

T AT Hs Pol, 2% FUlel WE SO,9 44
Age e Fx7t 59 27 Fruy g
A AN AL Eosg doj=ad ge o
F Atk

4.2 EE|H SUATo w3

Fig. 32 CA vldiy 2o Aojre] 259 gy
of g FrAFe] HalE TAF Aotk ex7)
R Aol sl L5l o Ao Ens
7b ZolAA He AL ALY i AL}
LAAT T2 Frol WY 2 uHA 2o
7b ZolAAl He Aoz H49Y £ Q. 1gn
&t Fvtel maE R3ASs 2bsle Aoz
Uetgth ole gEZE A g gsg &
A7 A ARRy HAHo) da old YR A
T E&A JIA Sl g5 sasts gu
AA o 2271 Beso] aEwr) Zrste 2
o7 49¥ & 9k

Fig. 45 TFC E2¢utol i 259 gale
S Ul Aoz 1 AL CATY 799
Atstu EFA7 2o F¥e ° B R
BEEAT v AYEY U= CAnte
Hrh qtEo 9¥g o A v Hog
. AL E3 5L CANRY 949
E &7 dAth

Fig. 55 FT-30 @] tjg zzpi459 o
HY Aoz, 4¥e §§ o Folx 259 o
7V 2A e Aoz Jelgon), TFCe #
a7 2 AEEY Wl MyE e Zsle wal
FAF7E v H o2 R sl AL B
Atk

o 30 4o M o of

e
%
&
A

O

i3

oot

4 e o njo

O
B o

4.3. EB(H E2lolXle]

Table 3~5& o#] mBEAtate] lojrfe] AA Rz
AR AsHE 2Esh teol st uehd Aoz
Table 1o UERA olA&Ea]late] u|ste] 1 Zro]
S 228 B 4 gl

AA A tge) Yoz 3y H{18].

X, [ X
“:[1—?&;2 ]product N [T—;g:oz]feed (15)

AT £HA e} op2rlA R 257} we A

ol gtol ©f & Ao Ugton, el =%

A, A2A A 25, 1992

™ a 283K
= a 293K
21 o 303K
=

34

Q

E

@D

]

&

8

& 33

3

D

E

o

J

E

£ A

0t T T T Y T T T T T
a 0.2 0.4 0.6 0.8 1.0

N . ol 3]

23 :
= . 283K
fa v}
. 0 243K
74 0 303K
E
g
224
s |
E
I
I 21
5
Z
S
: 4 |
|
[T V1

(f T T T T 1

T T T T T —

0 0.2 0.4 0.6 0.8 .0
Pressure | MPa |

Fig. 3. Effect of pressure on the permeability co-

efficients in gaseous mixture containing 5

mol% SO, (CA membrane).

o
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Fig. 4. Effect of pressure on the permeability coeffi-

clents in gaseous mixture containing 5 mol
% SO, (TFC membrane).
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Table 3. Effect of pressure on the separation fac-
tors In gaseous mixture containing 5

mol% SO,(CA membrane).

Table 4. Effect of pressure
factors in gaseous mixture containing 5
mol% SO,{TFC membrane).

on the separation

Pressure [ MPa |
Fig. 5. Effect of pressure on the permeability coeffi-

cients in gaseous mixture containing 5 mol%
SO; (FT—30 membrane).

gL vHA Bt

AYdn FT-300] 713 & FedxAE Zx 9l
on, thgo2 TFC/ vlmad 2
vz dol 71 22 kg 73 9l
tt gty RAES & dATE
Erxet e, & AYEE B
Aolnz AYolA 42 BE ABE EHEY 2 o
FT—30 Hguto] o8] Ay 714 f&o] &
o2 g 4
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Pressure Separation factor Pressure Separation factor
[MPa] 283 K 293 K 303 K [MPa] 283 K 293K 303K
0.1 2.6 2.5 2.5 0.1 5.1 4.9 4.7
0.2 44 4.4 4.3 0.2 9.2 8.3 8.2
0.3 9.5 8.9 8.2 0.3 15.7 15.6 15.5
04 12.6 11.7 10.7 0.4 26.2 26.1 26.0
0.5 19.7 18.7 174 0.5 39.0 38.8 38.2
0.6 220 20.9 19.9 0.6 445 44.3 43.7
0.7 26.3 25.8 25.6 0.7 48.1 47.9 47.1
0.8 294 28.8 27.9 0.8 515 51.3 50.7
0.9 328 314 30.8 0.9 53.4 53.0. 52.2
1.0 334 33.0 33.1 1.0 54.6 54.3 53.5
Table 5. Effect of pressure on the separation
37 factors In gaseous mixture containing 5
;«? N gggi mol% SO,(FT—30 membrane).
o 23(')3}( — Pressure Separation factor
& [MPa] 283 K 293 K 303K
g 0. 55 55 5.4
T . 0.2 10.3 10.1 9.8
0 0.3 19.5 18.7 17.8
2 35 0.4 32.1 315 30.5
= 0.5 46.9 45.2 42.9
£ 0.6 62.0 58.1 53.7
75 0.7 65.1 63.2 60.5
= 34 08 72.2 69.1 65.0
ﬁ 0.9 76.6 72.2 68.2
é E 1.0 76.8 75.2 72.2
& A
T 2 " or s T os 10 5. & a2

£3e 4ol Agukel SEPA-97(CA), TFC %
FT—30 =+g o]&3}e] 283~303K9 &x wWeish
0.1~1.0 MPa9] 3t& W9l A SO.8 =8] ¥=&
Smol% 2 ¥ N,—S50, Eg7IAlY Leld¥E 535
o g 2 AEg AUk

(1) #4ggoz Add F49g FA3
ZAMIH 7)Ao 4% 4 flen, Eiuhel
FT-309 7%t £ fluxgt FelAA7t 7189 7]
A Bejgo /gd g wsle L4319

(2) CAZ2 £ fluxel #jdA7t 714 2a&
oz Fped del Hjsle] i dolgeou, TFC
A$E Bgaxe 53 fluxst 7|4 Begos A

Wy w0287 e,
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(3) A8 A8 & 45L& 01~1.0 MPa9 Greek Letters

ool gtee] Frhgol gt BuAse Bejolxt @  overall separation factor (—)
9} gtol kst a* ideal separation factor (—)
(4) 283~303K9] ¥EYdAN 257} 73] o )] isothermal coefficient (1/Pa)
g ] dig N,—SO, EE7|He ExA 9 r  concentration coefficient (1/m?)
Beirtel e #ash ¢/k Lennard—Jones force constant (K)

= applied hydrostatic pressure (Pa)
Z M
Subscripts

2 A9 59L At A7HE Astel £ F  feed stream

(3) 3o BA=guoh P permeate stream
R reject stream
7|EAMY S  reference
A membrane area (m?)
By free volume parameter (—) ADnEs
C  molar concentration (mol/m?)
D local diffusion coefficient (mol/m?) 1. WH. Ponder, R.D. Stern, and G.G.
Do diffusion coefficient (m?/s) McGlamery, “SO, Control Technologies Com-
J rate of diffusion of the penetrant through a mercial Availabilities and FEconomics”, pre-
unit area of membrane (mol - m?/m - s) sented at the Third Annual International Con-
[ membrane thickness (m) ference on Coal Gasfication and Liquefaction,
P gas pressure (Pa) Pittsburgh, Pa., Aug 3—5 (1976).
Po gas permeability coefficient (mol * m/m?-s 2. AS. Michaelis, Pure Appl. Chem., 46, 193
- Pa) (1976).
Po mean permeability coefficient (mol + m/m? - 3. R.M. Felder, R.D. Spence, and J.K. Ferrel, J.
s - Pa) Chem. Eng. Data, 20, 235(1975)..
P.  low gas pressure (Pa) 4. WJ. I Ward and C.K. Neulander, “Immobi-
Pu  high gas pressure (Pa) lized liquid Membranes for Sulfur Dioxide
Pr  pressure of pure gas A (Pa) Separation”, PB—191-769, U.S. Department
Pe  pressure of pure gas B (Pa) of Commerce (1970).
Qr  total volumetric rate of permeation (mol/s) 5. D.R. Seibel and F.P. McCandless, Ind. Eng.
R gas constant, 8.314 (m®- Pa/mol - K) Chem. Process Des. Dev., 13, 76(1974).
So  solubility coefficient (mol/m® - Pa) 6. R. Zavaleta and F.P. McCandiless, J. of Mem-
t time (s) brane Sci., 1, 333(1976).
to  diffusion lag time (s) 7. D.L. Kuehne, Ph.D Dissertation, California In-
T absolute temperature of gas (K) stitute of Technology, Pasadena, Calif.
Ts  boiling temperature (K) (1979).
Ter  critical temperature (K) 8. D.I.. Kuehne and S.K. Friedlander, Ind. Eng.
Vi free volume fraction (—) Chem. Process Des. Dev., 18, 609(1980).
Vi* free volume fraction of pure polymer (—) 9. Y.I. Dytnerskii, G.G. Kagramanov, ILP.
X mole fraction of the more permeable compo- Storozhuk, and N.F. Kovaenko, J. of Mem-
nent (—) brane Sci., 41, 49(1989).
Z position coordinate (m) 10, ¥l g, “o Ba)” sa-3st E2 1, 24(1987).
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