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Abstract—To analyse the phenomena of mixed gas separation via a membrane, experimental data and
calculated data by the Viscous Leak Model and the Weller Steiner Model were compared. In the experimentals,
separation data of H,-CQ (1:1) gas through a CA membrane (SEPA-97) at different temperature and pressure
were obtained. For the Viscous Leak Model calculation, a pore size distribution of the membrane by the
BET method was used. The predictions by the Viscous Leak Model was significantly better than those by
the Weller Steiner Model. Considering the uncertainty involved with the accurate measurement of pore
size distribution on the skin of the membrane, the results by the Viscous Leak Model were rather good.

.M B e Aol YL YT A el 714 S Ashed)

73“1]’5."]“’4 A7 P F& FUAAE AHE"

2t 20647 Al Eel et Aol We FAE & A9 odck. Hejuhg o] 4 ZARE FHE T2 e
19773 MonsantoAtell 4 Prism £2]71 & 7A&sle] 7} 2 A, eralzlse) sg 2 YA, 2] S Ak4
Fajut 3] Ao AdistE . ey A Fe el blomaSS"ﬂ“] ves ZIAEE £
da o) AHEE T Qi wAsE A1se Audelt sk el wol S4H: 6] A 2eutel
PSAYlel| vlste] Mdu] Fpgat opuet o] &u]7} AN = B3R A7 AE B2 AR Belwt

389



390 U -

TR AN FFoz tofsiA AleET glx|
®q AAock. Z AR et FA wlgTon v)2A
o2 e vlgATe 5 580 38 My
717e Rz AL gs, shlelx]e] )
ZtejdolAe] &3t Fog Eisls o]Folx glom
T AL Ee ot} 7 A8 A) Ale) o] Za)statHql
54 &3] Fd rHEe %{P 35
Knudsen &4to] zjulj2lql o oaix glom o)
Z1A 9] EAtedst 9y #ade] Qloi1].

u2bx] B oA CA(SEPA-97)9te v)4 2o}
22 sfxslo] £37)37} Knudsen &4}, z1o] Al
A o2 o] Fo)al 58775 sMAT e spYate]
T} Fe] Aol digh AP} o) X)) wjm
AL T8 vlATa) AL H Mol J)xz2aE A
A&k} g,

2. 0| =

2-1. 7| 3uHe| &3

AEA gk 7o 4 2 Ao sge z}
= 7)FEE EUT ok o g o]|Fed gl o
W Aozl g7t glo] &2 Aty 7)3e]
A7l wd2bA o] & A7) 72 2l Afo] Ao
g 4, 5].

2-1-1. Knudsen &4}k

717} 7158 B3 o 7)39) =277} o) g abA
%1}37]7} s AX GE 22 25 24}
# =g &0l o & 2 o] 99 £412 Knudsen
Abelzt gtk 2 7]Ee & A 23e)wA e
Ak 25 A2 Aol A FFAFAE
Aol &3t 1 Aol ofefe} 2l

_ 3.2p( RT )1/2
TP \o2nM

HE N3

(»

A8} 713217 D-4 H] + Knudsen number& ) 2)%o
A/D7} 10Rc} 2 7% Knudsen &4to] =uj) o] =
o] o 7]7¢ —Era]f‘é’%“’] Aot}

2-1-2. =2} g4k

A/D7} li‘:} e Aol Bxie) BA 25
Fo] He| FEFSH R 2A =i o] o
AEHatelgl R &k, o] g A Ay} Fels
\3\_.

2-1-3. Ho] g4k

A/D9 ghe] #-218H4te} Knudsen &4ked o] Ale]
1A T 7HR] el st B Al dofd ufo]n], o] AL
Z 532 Knudsen 4ol 94 F3}efs) £-2}5Hko)]

O
2oy Mo

3

33 N29H M4Z 199144 8

Z34 - o)F

e o) rgow epdrl4]

2-2. Viscous Leak T

27 rdd 87138 5% Knudsen SH4F 9 2zpg
Abell 2% == 77} Knudsen®) ¥ 3} Poiseulle]
WHE gZn £3 29~ ], L& oo} 2}

81’(P1_P2)

T L G@aMRD® @
S D)

Present} de Bethune2 F7tejdo 4] 452 o

S37] Szt oF Ao gom FAHE oheale A
okt 7, 81.
p— 2_ 2
J= a(Pl\lez) LG u P,?) ®
7] A a, b A& 28l A do R} = oAbz 2 A,

at Knudsen #4to] dojip= HF 7|2 19 7288
& ol 7o) 4 9, bz EAshate] ot BFY|E
Lo 71FEE 62 o)FA k. 4 As oha B
slef1]

8 rk(Pl—Pz) € rvz(Plz‘Pzz) €

] 3L(@2rMRT)" 16LuRT 5)

o] A& o4 ¥ 71 ETEel e} Helshu ohe
ez Z
b ‘ )

h= MI,Z(P1X1 PzXz)+EX1(P12—Pz‘) (6)
k= MWEPl(l XD —P(1-X,)]

b .

+—Q-X)(P2-P?) )

3714,

81,8 r.’ e,

o] b= (8), (9

3L@aRT)”® 16LRT
2-3. Weller-Steiner 2
=% 55, 539 5.5, alA= 52 2] molar flow
rated 27t Gy, Gp, Ge2 ZA|St o] JE7|4] F 7}
W A9 =S 77 X, X, XpE BA)E)
E3e F3o] gl AMAHI N 1 s}
|



o] M2 CA(cellulose acetate)t-&

ol &g A Felr)Tel AP A7 391

o
-
oo

10

_—] oopoom |

[l

Fig. 1. Schematic diagram of permeation experimental system.
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Fig. 2. Plot of pore size distribution of overall membrane
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Fig. 3. H; gas flux prediction by Viscous Leak Model.
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NOMENCLATURE
a : Knudsen flow parameter [kg-mol/Pa-m?]
b : viscous flow parameter [kg-mol/Pa-m?]
d : pore diameter [m]
Gy - molar flow rate of feed stream [kg-mol/sec]
Gp : molar flow rate of permeat stream [kg-mol/
sec]
Ge : molar flow rate of reject stream [kg-mol/sec]
] : molar flux [kg-mol/m?®-sec]
I :molar flux of light component in permeate

stream [kg-mol/m’-sec]

J: - molar flux of heavy component in permeate
stream [kg-mol/m?-sec]

Ie :molar flux of permeat stream [kg-mol/m?-
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: membrane thickness [m]

: molecular weight

: molecular weight of light component

: molecular weight of heavy component

: upstream pressure [Pal

: downstream pressure [Pa]

: gas constant [8314.3Pa-m*/kg-mol-K]

: pore radius [m]

: pore radius which Knudsen flow takes place

[m]

: pore radius which viscous flow takes place

{m]

: temperature [K]
: mole fraction of the more permeable compo-

nent in feed stream

:mole fraction of the more permeable compo-

nent in permeate stream

: mole fraction of the more permeable compo-

nent in reject stream

: fraction occupied by pores smaller than the

threshold radius

: fraction occupied by pores larger than the

threshold radius

: mean free path [m]
: viscosity [Pa-s]
: viscosity of gas mixture [Pa-sec]

[an]

)

: stage cut

: permeability [kg-mol/m?-sec-Pa]

: permeability of light component gas [ kg-mol/
m?-sec-Pa]

: permeability of heavy component gas [kg-mol/
m?-sec-Pa]
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