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Abstract | Trediction method of permeation flux and sorption characteristics in pervagoration through a
polydimethylsioxane(PDMS) membrane was suggested The amount of sorption and permeation [Mux of
chloroform, toluene, methanol and n-butanel were calculated with this method and compared with expenmetal
data The calculated values of permeation (hix and the amount of sorphon of good solvenrs, that is, toluene and
chioroform were well agreed with the expenmental data. The lower the density of PDMS membrane 15, the
mere permeation flux and sorption quantily were increased  However, the expermental data of poor solvents,
that is. methanol and n-butanol were no so well agreed with the calculated values. Tt is shown that the
prediction method suggested m this study may he used without expenmentals for the prediction of permeanion
flux and sorption quantity of the good solvent on PDMS membrane
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Fig. 1. Concentration profiles in a membrane [or

the pervaporation in the case of diffusion
rate control.

74 = gHvacuum  pervaporationie] v E4EF| A7}
B=1 AlflEfr_(bweepmg—gas pervaporaton), =94
Z7F e weld Eogwts BEARYAME &

& ZAskE a7 oh ol a1t ARRdlae] B
M emmeentration polarization) 2 2 2 Ao g

of Bld) ZA gL f|AA] FE=E 24D 59
o2l = el He % @W gs] e How
7HAE 7] ool ”ﬂ/l‘%ﬂ S SR 46
2t 2efy Fa] & H“ﬂ drde wrah 7
Qo g, P ld Jeld dls) o] &
A TFYd »<1 olvt WA Hn meEtA £ 4
Bl @ 75F Aols} wFdlMe S A5
Folel elsted 2 HE 1 } 5 27h 23]

5
downstreamﬂ]] “g| *U-E% 011%‘51 o9l e
AL FPaln) AnZ YT E dFE A

o)
WEelth e, wAlge] E4ATen #

ok
T
e

Yo
1o,

T
S e
hc)

L 45

fo
ok
5 (L
! e
in)
gi
r2
o
)
+
B
‘
e
& g8
2

o T

I o

s
g
i?{_\.
et
Ry ooy
=k
: i
g,
e
r)-'
£
o
i
=
o
o
ol
Sk
o

F
i
2
=,
¥
2
(=]
A
2
o,
(<,
4
bt
=
= opt h
Bl
i
BE g
=
42
2

f
o
=
1s
o
ok
£u)
& &
il o &
R
o
& o
offl
_B“JFJ
i, kL
a,
R
i
-]
i
TS
oM 2

Dud.a-J A o] Eo 94@ -@:’ﬂlﬁ]-rﬁ A7E7
sted drEl o2 Flory-Hugpinsd o] Beo] o]&H

4 < 31

_Iim
i

tH4-8), Talory-Hugpings 2 AME-E A2 int-
eraction parameterg T5t7] A% Ezst &
o zre] SRS RS SHA FElFoF FRE v
¥ o] &57] o
2 AyedHdE Fig 289 #Ze] #3459 UNIFAC
910142 Algsln nERF T UNIFAC-FV(11]
g Ak Fad e FEEE JZaETh =
gardzo] glat
915 Vrentas-Dudag] A%
o}, EgE R/ EelA oA A
e AgFAFR dEHr g
Bearman(|2]e] 28l Alete e Sols setzdd
¢ FEO 282 UNIFAC-TVE-g o438 &ue
"S*iﬂ"w"r?*ﬂﬁ“—g Gﬂ%ﬂ? B Al13]E *}"&O]C"E] o]

[N
2
o, 4
oo
=2
£
et
rz
rle ®
er
o2
rD'l

v g L

o

™ o,

A

iit]

£

I

1

.

f

o

e,
e
it nlo

anm— Crgass e aries ARdnsl

downstream®: 0.5 Q"&QOVTE—E-. Ade HdAs
F Telek doh pEAPDelA e 2 g gatAle
= J_T,{]-e} 7+ AR BARE olBslE Vrentas—
Duda®] Apf-F-3 o] 23 UNIFAC-FV4 228
g 5 gtk “]'L—Pﬂ AYe peEe #iuw 1

% dme] BAAY EREe E4AvMeE F93

L
1

A5 dFE 5 9
2.1 DEAK st Zo12] 5l
11-5",91;\]. ZAL T A FaEe oF
A7t FafHe) Fhd ugAd Apelo] By dAt
AEE shech AEg Y O 2@HL £
Aol Ae] gafe] 3'31"@{'“ ik (
phaseloll A o] &riel 3]
Ao HTHITL Fol
oA R TE Bold F 9}1:]'.

Membrane ] Vol 10, No 1, 2000



32 L.387] - gak - ol wY

Self diffusion coeff, of sclvents

(?/Ul V1 +HJ)ET7 )
i I’Iﬁl
o

e

D\=D, exp[%]xexp

Prediction of the concentration ( @, ; ) at Murual diffusion coeff. of solvenls m
the interface of polymer membrane polvmer membrane
[ __ m _ 194 _ duy
a;, = 4; D—( )(l 1)( dw, )r ,
Using UNIFAC, UNIFAC-FV and Nelder- Differentral term @ UNIFAC-FV

Mead pattern search method

o o

Permeation flux of solvents

_ 1 D
]i_ fﬂ 1_('6!‘7’?5;

¢

Fig. 2 Schematic represenlation of soluhility and [ux calculation.

{ _ i
bt = 20 R @

—

#;= g, + RTIng°ER2 A3)% ¥F=(ac-

mity)2 ®9 5 &) 2o

A7A. g, 2 AR o SEEHE

s
of,
rim

2] FEAHl(standard state) SEENE, », = H4E
1 8] B AGE B B Arelative to e @

standard state) AFFold=] WEkelu} AGE S
o nEATY gHld M2 EZFRFel VA (A Ghn, o714, #% M superscript) /2 A me ¢
Iree energy of mixing)@¥ FlRE =] R (DE=DAE BAR &2 dpdAe FF5 9%
£ st gle nEXe ez @5kl g g FEe] nlE uRalebAwe oid gl sk
of gAvks BAREAFAAA(IG, free energy L o Z3y] fshe] FFE G4 ¥z we g
of elastic defermationt®e] Hoz FHA ot FL( gl Y= UNIFACHE Algsbe] A4algle}, =

o ezl s AnAd py 9.3}
A, 47 = %_J“ JoA] 7ZlRAT a2 zl?l-f:’-i B 4ld polds TEP mRARA@A n)s)

o gejy] FeTwid Gibbs HfeldA] Hs)ete]
FAAE dYsH o2 Flory2t Rehner[18,19]2] 7} FEo mME ZFE(gl)= Chism and Prausnitz
Aol et mEHo 2 vfebd ¢ 2r20] [117eh =f8] 2|5+l UNIFAC-FV2l3h Nelder-Mead
pattern  search method[21]8  A18-sly] 2wl
o pl = Apl = A et A, g = 2(al—am’e dawste @ 2 TFF uAHEol
AAG ) . (4G, @ T Zrdvle HAZEivclhime [racton, ¢, )&

on, an, .

TSN ABPREAL 4YE o2 o

il G 1o EetEeld g7 A g

F

2.2, DEXEo|A g

&0
Vrentas-Duda® AR-E¥ e 2 2

14 7z

U'l



F2A frEde PDMSTe] W

R AD gl AZ|FHYASRE JehlE A
geT 22

D1= Duexp[%j‘?]x (5)
('Wl V' + g ?2‘)
exp | —
(wl oy w;fgﬁ)
£ T”ma?( T,0 6

?FH, £ T i4d2e

# FH{the specific hole free wvolume of pure

component 1 at T}, & Z& Af 297 3 A o

o) dAe 29 2 7] ARl mYUE APl

t 7lud PDMS®Y rluxe mgs tiedoz
EEEL

S—= vjr‘r‘g ( T, X) — vED (0’ X)
Ve (T,0) W 0,0
__I®
A v

o] 7] A, T72 (T,X)e &2 T 7tz X¢ &
3 srfabe] B3 (gpecific volume)ol #|AE
e tuddd nEAY AlEHA g nEae
e uRIE Aggezy FAYL S gt

=19 wi rhaasx] ghd mialelA gofe] 2]
HobAs w8789 ?éﬂ] "rh EY, LA g
AdAE A7) AeD) Bohe AEzgaddsm)
7 =9 L’é%i%*d’e}— Ao AMREY] WE
ol mEAR} Elell ¥ A7 Eib e C’]/‘a‘ﬁ’-?ﬂ D?
ArEdAsst Aasolol 5% Bearman[12]E -

ZEHA e Al EAsT] BAE G 2 1
Aokss

Gl o

2a 57 nsh 235

33

_liﬂ
1

4 4

dytd oz fole] dz@ibAg dHsy] 28
of fofeo] zletadlde] =cu|iekd Flory-Huggins
A2 VA 78] Floy-Huggins2l 4 A

74 bmary interaction parameters —_1"5'}71 )4
= aRatel gl zhe) gEaE AE Ea)A i
of stm g my| o Z3lr] Ao ‘I}] i
£ 228l Boile HEEaA s E o2
Eoowislel A 2k@el (8uy/fdw) B
UNIFAC-FvA o2 galttenn n¥zl ”"Lhﬂ/’i £
oje} GaA DI ESegn)

A

rﬂiu

23 Ry ZA~P
Sternl1d]e] A9
<

Fm A g %H ] B l?—ﬁl E*J(Iocal
volume fraction, ¢)3 & EAA4, D o= o}
&3 o] epd 4 gl
_ 1 "D
ho= o T ()

of7ja, g= AR e R g¥s & 9ERA
b b2 Y TET SAWS FAY wHR
oA Fee] AAREe; TeF FAE Pe] BE
8 wokd ¢, 0olE) B8 = gk webd, wdla
H¥olgongH Fat FFE TAWA Arjel A
=& ¢,,8, Vrentas-Dudad =HFRT)e] &3
UNIFAC-FV A2 29 E T35 apdea] &2
s, DE N(Q o fATLaR g 5 L

o T3} ZHAF o2 4 g

W L2 'g%l laixl agt] ﬂﬂff’ﬂ 4O
o] slgal oherle) e E HslMy o) gk
oA £v]a] Hogge] Aash} o Al ﬂ?l 4

= =% (0<t<1y (10
[t

=5 1sotropic swellinge|glx 7S a3
& Ag wEEo23].

1
dt = —zdl (11)
B, 1 d

Membrane J. Vol 10, No. 1, 2000



34 287
A7NA, g DR FAdg, ¢
o7k WAt er Azl M aEalne] Sre
AN A0 FaAAEE, F E9aE o
i o] Y & 92

E
f qbém)dt

N(l(] jl,} N 19)9_] =
A Aol F5re

Azie 4o

dg 4 gn

FE

"~

LE-

3. g3 gl
3.1, TR[EAL

FA R FA 0 PDMS/ A Aol Sl whe)
gt FaEgd g8te] Adg gAEAAY 7R
| ol A 2] 2kl A o]g3lo] Fil FEAZ o
Zatfan, clEFa2 453 Atatat AhaE v
xepa), 494 = Favre et al. [15]5’—} Ji et al [16]7]-
Haig 2% 2aE o|&dsn, FUEHAE OF
7] 18 eArA BFE TET 7”‘—]

HASE

(1) a5 2944 Y8 8 LET(activity) 2
UNIFACH o8 «Z

(2) Axe G819 FEEE o &t G
FREE AL 19 FEHHEHE ALY EA 3 o=

(3) AfFeol2d s Eajel de] RT3

- A3 - o)

] o2 A 19 Ar|EL A dFoeR A Eil

oo

(4) A A Ao AR 9] e FEg
g ol &8s Stern[[Hlo] AeHEAOIE AR i
g F3 geos di

A Ralel] AEF EAF] 0 goje) Tel e &
A= dSdol glo] gAEd gl zetzeldy
stakd FeiEs B¢l 9t sbslxgdwzlaie] v
Aze ulF sl 27 whEe] FAEv6,24]. A7)
ﬁ““‘"ﬂ-r oAZol AERE ulzlES AT 2l 7}1"
H7 §2 PDMSuiEate] 2&e mE dx A&
Shih and Flery{20]e 23E AMEsdd) Fa'vre et

al [1519F Tr et all16]7F H#le AMESF POMSHERe] 2
ol gF #EA §17] wWEel Yoo et all26)%] uhe)
Agee] o2 W= 15 11203, 11345 115072
Ahgete] ote] Meo wE S R R

Foag dF8A. S gals o Fe g4
AR wjAlE== Table 1o vehdgd, o4

59 EAer ] og AR AR
miAE < ArEHbE o] Zielinsk et al.[81$} Hongl7.27]

Fo] 27jEef ek B gl AREE PDMSHE
A pHAleER, B2 o2 G Hlg AEs)
Ao oe) ST, ebd, POMSHA 0E S5
E¥Eziy dEoligood solventi?] TEE 24E
o7 & flovEls)] 3EF S99 B8 2
AR, e Bol/PDMSY 2AEA R ThEe] A

Table 1. Parameters® used in diffusion coeflicient predictions of solvents in PDMS

Parameters Chloraform- Methanol - Taoluene—
PDMS system PDMS system PDMS svstem
. (em/g: 0.51 0.951 0917
Ty leme) 0.905 0.905 0905
Ky/7%10° (em™g - K0 071 117 115
Ko/ y* 10" tem®/g - K) 9.32 9.32 9.32
Ky —T, (K) -29.43 -18.41 -102.72
Ky~ Ty (K) -81 81 -81
a”% 10" 15.87 15.87 15.87
E 0.9662 04837 1.341
D, *10° (cm®s) 407 8.75 187
E ({cal/mal) 0 0 1]

“Seong-Uk Hongl[27), "Seong-TUk Hongl[7]

LA 10 # A1 & 2000



0.5

0.4

0.3

Volume fraction of toluene in membrane

Fdd F71 8018 PDMS2He

T L v 1

—p=1.1115
| — — p=1.1203 .
.. p=1.1345
—-— p=1.1507

.0000 0.0001 0.0002 0.0003 0.0004

Volume fraction of toluene in feed

. Theoretical predictions for sorption of

loluene 1n PDMS at 30T

St olEA o R <& ZFeh AR vus
u}-g5 gl
3.2, PDM38H LS AZ0f{good solvent) &l

P ig. 301
o] F

o] 7

Sawe BagHolEd e Al
Heki, Efdsl 55 3o niel
sohstgen, wol WEsb ST w4

28-S 2oTq gl

g o) @ £AFe] BE

FFqle] RyEeae FIR 249 HIE Fig d
o vElgnt = B8-S E31A9E A vligoed
solvent)?l EF L Fig, 44 "\15’-} o] ¥ 1617
alZ2&¢ Sl&ge] A4 dREE = |loh, FEE
549 v FrtgsE £ %Ejpi% Z71Er
ow @ BEg i wE w3 Y20t F0
e g g gk et alllgle] Aol AMG#
PDMSYe] dEs] g Anrt PeyRRA)l Fat
upbg] W= 112931134589 J¥9 Hen ol
@& 5 Yt

3 73 S84 pHEH 45 33
5 T TT 1
wof
[
a 4L P §
& P
2. vt
] 3 FON
- = L L J
x X s
2 Ng ,,'! ! p=1.1115
£ = / - - -p=1.1283
3 g 5," “e e p=1.1345
£ 1 . -
= - i —-—.p=1.1507
& / m Exp. Data
1] \ 1 1

0.0000 00001 0.0002 D0.0003 D0.0004
Volume fraction of toluene in feed
Fig. 4. Experimetal data(]1 ef al. 1994) and the-

aretical predictions for flux of toluene in
PDMS at 30T

1.4 ~
—p=1.1115
0.8 | — — p=1.1283 E
- p=1.1345
v p=1,1507 i
0.6 |- m  Exp. Data ,r':."
)

0.2 |- -

Activity of chloroform in membrane

0.0 1
0.0 0.1 0.2

Yolume fraction of chloroform in membrane

Fig. 5. Experimetal data(Favre et al. 1994) and
theoretical predictions for sorption of
chloroform w1 PDMS at 10T

eDMSHE B3 Chlotoforme] =38k @ chlor-
oform®| PDMS el vt "7‘1"314 Foll tf gt chlor-
oform2 #FE(activity) 2] HIEE UNIFAC- FV4
o2 A4dstd 4483 [la]"Jr @+ Fig. 54 e
G| UEF AGSE o i@ = AR
o Z HAEsA e chleroforma] %J_?’]- 73’}'5]'—
¢ 7 oot wE, Ba 2¥AE g 2
A el BEE 2 st Aol HiEl ]E}F 72
i £9409 chlorolorm?] =4

W2 chloroform? $F ke #AS UNIFACA R
Askale) Fig, 64 YeERY2ILL Fig, 58 Fig. 6o

Membirane J. Vol. 10, No. 1, 2000



36 2.7
1.0 T T T
e
L]
& Bl 4
£
£
.
=] 0.6 | .
L
Q
|
o
=
L] 04| -t
-
(=]
P
2 o2} 4
o
<
u_u L L e 1 3 L
0.000 0.002 0.004 0.006 0.008

Velume fraction of chloroform in feed

Fig. 6. Theoretical prediction using UNIFAC for
activity of chloroform in feed {(chlorofrom
+ water system) at 40T

5L L
[=]

wo

5E FE5 £942 chloroform] Z2A4€

E 3

Chloroform]

=

=

=
=2 2= Zh 2k
= &

chloroforme] 42 -t,—?_} zg
2
=

Fig. 7°] 4. 2] W=s) E4s
Bay F7HE 29t ol v OF
AE glEhe FEHe] FrEn Al A gle
i =rt E5lsl7] WEelth Tig 7o chloroform
o T Y] o]2F Adgie] 2¥7E g7

ol s Al

)\
b=t chioroforms] F3% ZAlc] 8549 FF
oz o] ¥ gEEE A 4 Fdoes #

whEY,

3.3. POMSY| it 220i(poor solvent) 2
O|E7int AEatel Hlw
atal W42 AH A7 s B89 {poor solvent)$l o
e FuES FAEHD Ry i fF 3
52 Favre et al[15]9] 23 =]} A|wstg)

I:I

bl

F

PDMS=H] izt methanol®] 3¢ @ PDMSTE
o A2l methanol®] F==F1 gdEre] BAZ Fg 8
o YER ST £ methanol/ 28] £ 7}
ZFrro WEE UNIFACH R Aikste] Fig, 99
vehliglch Fig 8% Fig 9258 FE004 meth-
anol-& %LT}%'— Sl methanol€] ‘:‘7} Lol ke

ﬁ%" Have) Heate ]

2E 5S¢ 5 At Fig 804

e 4 = |
D HT

';!

e, A 109 A=, 2000

A

o] 24

6000 :
—p=1.1115
s — — p=1.1293
s p=1,1345
£ 4000 | —. _p=1,1507 .
% = m Exp. Daia L]
-
x E
s 2
E 2000
k]
@
E
e
-]
o
o
0.0 0,1 0.2

Volume fraction of chloroform in membrane

Fig. 7. Experimetal dataiFavre et al. 1994) and
theoretical predictions for Hux of chlor-
oform in PDMS at 40°C

1.0 — T T
]
¢=|s ]
. L. -
5 08
§

[ ] 4

E -
s 06} /./ R
—_ - .-
g e P
m u -
=
04t
E -
5 L —p=1 118
- - mp=1,1293
-';‘ 0.2 - wp=1.1345
'ﬁ — p=1,1507
< M ¢=Exp Dala

0.0 - —
0.000 0.005 0.010 0.015 0020 0.025

Volume fraction of methanol in membrane

8. Experimetal data(Favre et al. 1994) and
theoretical  predictions for sorption of
methanol i PDMS at 40T

Fig.

methanol 8] T2542) d2Fns 34 Foo &
=7t AdeE A9As & 235 Beln gl o=
A OREel FAEs B A7 A4 RlAUEe
=g #Me] ofyE zlaz FAudEnl Favre et
al[15]9] H2ejAqs F-8oi¢l H4 Flory-Hogeins4]

22% 847 #Ar Koningsveld and Kleinjtens
[15.28]4 & o] 853l

Methanole] 53 Z2 © methanol2] bl o
TEYH T 520 WEE Fig 1090 Vel sl
o Ao FaAEH Sy FEA)

-
=Y wa o



Activity of methanol in feed

Permmeation flux of methancl
[aimhr]

1.0

0.3

a.6

0.4

0.2

4.0

Faral 718 0lel PDMSEe g Fak 829 FEHEH 4% 3

0.0

200

1

1

0.2

0.4 0.6 0.B 1.0

Volume fraction of methanol in feed

Fig. 9. Theoretical prediction using UNIFAC for
activity of methanol 1n feed{methanol +

waler system) at 40T

40

0 i
0.000

&0
20

so|

a=1.1115
- — p=14z03] ]
« e ep=11345 ) |
—-— p=1.1507 | 1

W Exp. Data] |

0.005
Vaolume fraction of methanol in membrane

0.010 0015 0.020 0.025

Fig. 10. Experimetal data(Favre et al. 18M) and

AFEE

¢] n-butanol|

LER]

2 3
o

=

o

=
iz,

o]
5 g

&
=}

Ho|q

t_

b

file3

theoretical predictions for flux of met-
hanol in POMS at 40T

dg AgAs) o delde ¢ 5 .

PDMSZe| W&l n-butanole] 2=k @ 24y
THEAS Fig. 119 Jehfiich
Methanol ¥ 73712 2 n-butanol®) 445 E dfF
rAUELR 434 ol27ta gk A ox

p
1%t
=

il

Ans

gle}., Favl2] AL ddxst e 9z}
, n-hulanol®] methanol 2T} PDMS 2|
b By 2vke Al g gk
waE «&e = st

1.0
1}
c
s
e}
E 0.8
E u
=}
= 06}
[=]
IS ]
S
3
a 0.4 =
& J'- - = -p=1,1293
I w- - p=1,1345
S
= 0.2 p= B
3 —-—p=1.1607
prd m Exp. Data J
<
0.0 L s
0.0 01 0.2

Valume fraction of n-butanol in membrane

Fig. 171. Experimetal data(Favre et al. 1894) and
theoretical predictions for sorption of
n-buthanel i PDMS at 40°C

P Felze) A%as AU Aol AT &
A Fig 4, Fig. 7, Fig. 10o]4 &0 F27

gl el WE Fa E¥ao] 2EFE

| $x7 | delAs 2e @ 5 U o

Bearman[12]¢] Aqtgk A2 £

2 ALAL AB)e] A W« Age]

k)

M
J

r
o

S
i

A

Mt e 2o
A
il

D =S N A L)

kit
=~y

)

hh

A

i-a

=]

Hr

b

K

-z

L

o a9
2,

R

>,

-,

El

=

2

fia}

-

o

)

Hi

w

2

v}

meA
N

o

e :

=)

e

e,

& 2
4 M,

=) QF; T

ok

i

SHEe.

i oo
f o
ety

o
v}
=)

>

>
e

i,
=

i
s
5

e
o

S
>
oo S
r
i
M

=
]
>
g,
=
T o
T
E o
' U
oo
=9
o
52
o 2
ob &L

i)
LG
L)
[
Lo
2
\[
o
s o,
oo
=2
to.
oi.
=
e

=
=
Aol Ae=d W A

-}
N Y e

e
s
E
o
-,
e

=2b S8 Eush] W 2

o TP m o ox
)

I
4
e,
o
2
|o
i
e,
il
it}
&
H
roh
e
oo i
=
o
oit
o
[l

=
*
ta
=)
4
B
i
o
fje
£
T
ngl.u
>
79
o3
n)

Bodqrela] Abgg A uEe lagdile| & g
1

® Eulel FABY A3 g4RAd B8 £ 9
% mEARel Y@ $ujel 3 FE2E T 9
e FEe) dEde FaAEst Gade, of &y
At clgEAY AzepISE FHEE WY 4
Fol TR #geds wiel gt 2en, oy
3o o3 BWARE ToE 470 Gast 2,
R33w FANA Bols] Tl oiw FASA T
FY2T OEHOE GFFoA o AT Fuh

Membrane | Vol 10, No 1, 2000



2517

;ﬂ"_

Polydimethylsiloxane(POMS) 2he 53 gaflg] &+
R %11 22 593, UNIFAC, UNIFAC- FV,
olgate] -E8]-ThH solution-diffusion
Oﬂiqi 2 Agviel EFAT chloro-
FoETY Aol AeEd o A¥E
2l ﬂ&ﬁkol A dAgc 28 UH‘”
methanol @} n-butanal 45 —Q-UJ] 2] mlell gk AE

A2 dFspz|7r ok & Sl AAl 7%]"} W

HE Rl e 4] PDIv g= T F-Eulgood
solvent)o] 3=} T3} EHAE HEL 7904 ga

£ 2 gule AFE oigster] AHE ¢ 9 sleE
detElet P md AP 2alE sl e
W Beiet EH20 FEE G 7 Sleick PDMSY
AzA go] WRE A Brs v g gl 53

Ho] AR FT(diving (orce)dt hilSels] a4k
FE 5 2YA #yS o 5 gl

=] T~

At

I
=

E LS

A

ATE 19989E feeke
TA's) e 11@
AT 2o goloy,

=
T

ool

M
r?a‘?)*r

ot
kl

&

Fao

1 ool9rd, 49A, #AE
6(1}, 22-31 (1996,

2 A Hemtz, W Stephan. J. Membrane. Sci,
153-169 (1994).

3 kA, "Pervaporation characteristics of liquued
mixtures through polymeric membranss”, Ph
D. thesis, The Korea Advanced Insttute of

(19911,

Membrane Journal ,

89,

Science and Technology.,

4, Fqt, 294 et al, Hwahak konghak . 37(2).
(1999
5 MHY. Mulder and CA. Smelders, 1

Membrane Sci., 17, 289 (19684,
6. Eric Favre et al. ] Chem Scc. Faraday

Trans., 89(24), 4330-4346 (1993).

2EH, A 10 A A1 E, 2000

> EDp

ol 74

T Seong-Ulk  Hong, “Molecular diffusion  of
organic solvents in nulticomponent polymer
materials”, Ph ). thesis, The Pennsylvama
State Umv, (199),

8 Johm M. Zielinglkd and J L. Duda, AICKE ],
3803}, (15992).

9 Aage Fredenslund et al. AIChE T, 21(6), 1975

10, Robert C Reid et al., “The properbes of gases

12,

13

14,

15

16

17

18,

18.

. James B, Riggs,

. Jin Sung Yoo el al

& liepnds", MeGraw-Mll, TFourth Ed. (1936).

. Takeru Ohuisln and Johnm M Prausnitz. Ind

Eng. Chem. Process Des, Dev. 17(3), 333-
339 (1978),

Bearman, R. J.. J. Phys Chem., 65. (1961).
15 Kim and Kwang-Rae Lee. Polymer in
press, (2000).

Stern, 5. A et al, ). Polym Scu,
Phys, Ed. 21, 467 (1983)

J. Membrane

Polym,

Eric Favre el al, Sc., 92
169-184 {1994).
Wenchang Ji et al
1-19 (1994

Flory, P. ] "Prnciples of polymer Chemnistry”,

, ] Membrane Sci, 93,

Corneli  University Press, Ithaca, NY, London
(1953).

Tlory. P ] and Rehner, J. Jr. : J Chem.
Phys, 11¢11)}, 512 (1943a)

Flory, P. J and Rehner. ], Jr. © J Chem.

Phys,, 110110, 521 (1943b)

M. Gusler and Yaram Cohen, Ind. Eneg.
Res. 33, 2345-2357 (1994).

“An introduction to numercal
Texas Tech

Gloria
Chem

methods lor chemical engineers”.
University Press, 2nd Ed., 1 (994)

. I S, Vrentas and C M, Vrentas, J. Appl

Polym. Sci, 42, 1931-1937 {198L).

S J. Doong, W. 5. Ho, R P. Mastondrea, J.
Membrane. Sei. 107, 120-148 {1995)
M. & Suwandl and § A Stern, .
Sa, 1, 663 (1973)

Polvm.

3. Hsiang Shih and . ] Flory, Macromolecules..

5(6), 758-761 (1972).
, ] Chem. Eng. Data., 44
(1999)

. Seong-Uk Hong, Ind End Chem. Res., 34 (1995},

R EKoningsveld and L.A Klemnjlens, Macrom-
olecules., 4, 637-641 (1971).



