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Abstract : The sorption and permeation experiments with O: and N» were performed with polysulfone
hollow-fiber membrane to obtain oxygen-enriched air. Sorption of O: on polysulfone membrane was 1.5~
2.0 times higher than that of N.. Sorption of oxygen and nitrogen in polyvsulfone membrane was described
satisfactorily with “dual-mode sorption model”. In the low pressure range below Bkg(/cmz, about 85% of
total sorption was Langmuir-type sorption and only 15% was Henry-type sorption. In the higher pressure
above Skg(/cmz, Langmuir sorption sites became almost saturated and reached asymptote, and the increase
in total sorption with pressurizing might be due to the Henry-type sorption. The ideal separation factor
( P o,/ Py,) was in the range of 2~4, while the actual separation factor for the mixture was reduced

to the value of 1.7~2.2.
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Fig. 3. Temperature dependence of solubility for
Oz and N: in polysulfone hollow-fiber
membrane.

Table 1. Heat of sorption for O: and N: (at
2kg/cm®)

03] No

Hs(kcal/mol) -0.7347 ~0.9779

0,

2d B} zlon o3& Ao £

ZAzdt 25 9jEA 0] Atk AL onjdirh
weby 2E7b F7hel whEl Aie] 4

o] A% BT} ol Zadct adzg Abie ""t
9] EgAE gt =AM S (sorption selectivity :
Soe/Sno)e AEE 8% 25 B Wl 2t
Z7beel w2k FheckFig. 3).

1o
4

4.1.2. el 4y of&M (Dual-mode
sorption)

e AAe FAaY fEd nEA ZejdEd
et $£RARE Wkg/em7HA o) gt W Sela] 7)A
o] gpERge] wg nEAY FRFE 246G
th F 1A RF qhEe] T igtel weh #EEst F
7hatsiod, E7E-2 At ol miziute)
Mo} $#FEAo] Henrvd AT A4ddd F7h&
o] AT MYAAZ Lielof A, FrHEOl #
23 vAdE #AE JehlER dual-mode
sorption EE@Z AMudE £ &8s & £ Ak

N7 gode) o

2 (Henry’'s law)¥ f-Alsh

Membrane J. Vol. 9, No. 1, 1999



30 ZA A .
A AR 2EA T gese AWM R

APt mRAWe v 4 Z(microvoides)d F8tE=
WA A eAEe %in Ur

2 Langmuir ¥2);
el & ook whekA, ghEe] F7igte| W} w

Ulojle) FaHEe] Z3Ho) JtER Langmuir —r’“
Hgo] Zasn AA o] Frhgo] Hidte
ZAeg yepdy, w1 B ’é]?:‘ Hgle e 245
ol 43 Flste Fabol uEhYx gonz
TR Fatg 71A7t %F/M—’lL AR AE 7tAsHA
7= 42 gl Aoz Fddt

ojglzro] ZAHE mExale] dlg a9 A9
+2E40] dual-mode sorption ZHEE A9E 4
9onZ  dual-mode sorption EEe uisjEs
(parameter) % WA EAY  (nonlinear regre-

ssion; Nelder-Mead pattern search method [151)2
FEReT (Table 2, 3), AT & x| 2=
7b Fvhdel uwheh AbA9d Fel thE miARS kp,
Crn, b #ol Hxstsch &, wiAdS kp, Cu, b
Z o] g3k A (D)ol of% AAIF FRLFAG 2
axstget (Fig. 1, 2).
Henry's lawel 2l3) $8islv 7149 SkpS &
T7b 10T 50CE F7hetel whel A9 A4zt
b 30%, 24% #astdoen, vt akkRd ol
st} (Table 2, 3 #%). Langmuir 3% (b)
L7t Sbete] utel A9 Atavt 7z 54%,
36% Hastch

Table 2. Dual-mode sorption parameters for N
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10 0.0071 0.1725 0.5466 | 13.2801
30 0.0052 0.1567 0.2087 | 9.0012
50 0.0050 0.1492 02517 { 75107

Table 3. Dual-mode sorption parameters for O:
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50 0.0071 0.1400 0.7934 15.6445
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ol
4.1.3. Henry-type FE2t (Co)B Lang-

muir site TE2H(Cy) 2l B8}
N8I AY o E F3 dual-mode sorption "H7NE
& kp, Cu, b3 01 8% 2 (Dol 93 A7} 53
Agxel 2 dzsez (Fig 1, 2), RS A=
gta] 7lAdle] AA & FolA Henry-type sorption
ZF (Ao ARG . Cp=kp- p )3 Langmuir site

Cuy-b-p
sorption & (2(1)2 3 Cy=—"1—"" )8
0.5 i ™ T T T T
5
£
o
K]
[+ N
15
g
a
=
w
k<4
L
Q
0 3 6 9 12 15 18 2%
Pessure [kg'/cmzl
Fig. 4. Theoritical calculation of Langmuir’'s
and Henry’'s sorption isotherms for O
in polysulfone hollow-fiber membrane.
0.5 T —7 T T T
——-—CH+CD
04 Cu
%
£
>
=]
o
(3]
L
a
e
[
T
L,
o

Q 3 6 9 12 15 18 21
Pressure [Kg fcm’)
Fig. b. Theoritical calculation of Lamgmuir’'s

and Henry’s sorption isotherms for N
in polysulfone hollow-fiber membrane.



ZoHE FRALA G

ol

fu

F2% 4 Utk Fig. 4 ¢ Fig. 5 oA &
So] FRALE(10T, 30T, 50T #AIRe] Ay
o (kg/eroldhel e FRSEE do diFE(
85%)°] Langmuir sitedll ©%F 2te]m Henry-type
SR CpL oF 15%) NuyA| ek zed,
Skgy/on oAl wlAFol Fatsh=
type $&& (Cyyol 35 Wwid
FRAF(Cpe gl vHs] F71eE ¢ 5 Yok
Langmuir type T&& (Cplol F3He AL ¥
o] %7184 & Langmuir site7t L7 W&ot
gtglo] ZVLEEE AA gEFol Frtske 2
Henry-type 52 Cp=kp- p)ol 8ol uwret -
7tat7) W&ot

12 o2 o

Langmuir
Henry-type

o

{

ofN

4.1.4. Henry-type FHAEE(4Hp)2 Lan-
gmuir site FEAET(AHH)
Henry 44 (kp)9t Langmuir 3% (b9
ez g dif(semilog) 2AEE FE)(Fig. 6,
7 A10)~(12), & 2 Arrhenius-type?l & 9|
Z2RE 23 LS ¢ F len A 71ErEs
B Ais} AAe Henry-type FRAEI(4Hp) 9}
Langmuir sitedlA el FatAgs)(JHNE T3
(Table 4). o)258 ZHE digh iFast 449
Henry's sites?l4]2] 8819} Langmuir sitesellAe]
Fo n% wdnkgols o 4 glr}t Henry-type T2

AL JHp)S Langmuir site FEALIH(JHy

-2 T T T T T

in kD [ec(STP)/cc polymer atm]

I J L | i

3 3.1 3.2 3.3 3.4 3.5 3.6
1000/T [1/K}]

Fig. 6. Temperature dependence of dual mode
sorption parameter Kp in polysulfone
hollow-fiber membrane.

i

Aol £% Y FH5A4 3

4

Table 4. Henry-type sorption enthalpy(4HDp)
and Langmuir site sorption enthalpy
(dHy) (at Zkgy/em?).
A Hp (keal/mol) | 4Hy (keal/mol)
Oxvgen (O2) -0.65 -1.01
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b Langmuir hole affinity constant [atm ']

Cp sorption of Henry’s sites [cc(STP)/cc

polymer]

Cur sorption of Langmuir sites [cc(STP)/cc

polymer]

Cu Langmuir hole saturation constant [cc

gas(STP)/cc polymer]

D diffusion coefficient [cm*/sec]
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Dp diffusion coefficient in Henry’s mode
fem?/sec]

Dy diffusion coefficient in Langmuir mode
[em®/sec)

Es activation energy for diffusion [kcal/
mol]

E, activation energy for permeation [kcal/
moi]

F ratio Diw/Dp [-]

H; heat of sorption [kcal/mol]

kp Henry's law constant [cc(STP)/em?
atm]

K C'ub/kp

p gauge pressure [kgy/em®]

b4, ps  partial pressure of components A, B

P permeability [Barrer : 10 Yem(STP) -
em/(em” + sec - emHg)]

R gas constant

S solubility coefficient {cc(STP)/cc polymer
cmHg]

T temperature [K}

[ membrane thickness {cm]

N diffusive flux [cc(STP)/sec]

X,y mole fraction in feed and permeate

sides [-]

2" @ap ideal, rea} separation factor [-)
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