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Abstract : The effects of water vapor on the permeation rates of oxygen and nitrogen through
polysulfone hollow-fiber membrane were investigated. The permeation rates of both . and N: were
decreased significantly owing to the presence of water vapor. The permeation rate of oxygen with 100%
relative humidity was reduced by as much as 20%, while the permeation rate of nitrogen decreased by
14% at 30 C and Skgf/cm2 of upstream pressure. The permeation rates of O: were declined
monotonously with running time and arrived at steady state values by the presence of water vapor.
However, those of N: increased tentatively and then decreased to the steady state.
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. Schematic-diagram of permeation rate

Fig.
measuring apparatus : (A) gas cyliner,
(B) silica gel, (C, D, H, I) mass flow
meter, (E) bubbler(water), (F) membrance
module, (G) pressure gauge, (I, K, L,
M, Nvalve, (P) constant temp. bath,
(Q) Recorder, (R) G. C.

Table 1. Specification of polysulfone hollow-fiber
membrane modules

Module ID of OD of |Length of No. of Area
No. fiber | fiber | module | fibers
# | 3m | 500m | 175m | 60ca |1650 e’
# | 320m | 500m | 85m | 100ea |1335 cm’
#3 | 320m | 500m | 163em | 80ea | 2110 cm’
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D= D,exp(— E /RT) (3)
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7V\M, (perm)-L permeation rate, (perm), <

2 AE FFAg] thE A/

49 BHEo] vA: SR 9 35

A3 Ay A (cal/gmole), RE 714145 (19872
cal/gmole °K), T& Ad*% (°K), pr ¢(atm),
ng dgoltt. 2x9 4o disiA vjdyAer
2d8E FiE ogFAe Pl 271 F(og)E F
sty sty oo 2 APAANE denh

In(perm)=I1n( perm,) — A/RT + nlnp
6

e5g o) WE Fiwo g HFHAY ‘TJr
A8 8 A ¥ (multiple linear regression)% o] 43¢
A+ (perm, A, n)E 78 § Utk

£ ofy

01'

a

4. 21 ¥ 1F

4.1, &=F8 AXI|H (N2, 028 Foig

TENe gHAE lkgdem’~4kgsem®, REE
10C~60C WA BHgA7IHA] e3 Hzatast
Azxdire 508 FHIQY -rﬂr%’(permeate
side)d] tE& 71 HHE A8

2E7F 10TeA 60CE F

71gtel wel 4 e F7ket¥a(Table 2 #=®), 3
£ NS FGUNTable 3 H2). o)z e

=Y =
DEATE Dol A B L% WY WA )
pa

A Frxe Ex 9EHL A9} o] TP
£a89 A48 33 43 259 ritig(semilog) A
Mg getm, HMde Fg7|ZRE b ZaAl
£3 248 AUA(ERE T THTable 2, 3). 4t
a9 By 43 oAU (Ep)7t A2 F3b 2493
AR (Ep) B} 2 e WEh e, o2 RE 4t
2 Bag9 &xe tiFt o)A o] Aaurt Athe
e 4+ Ark

4.1.2. &4 oFEY

#7e Nz AxHr) FIHEE o F
7h3kell wah oRzbA FUtEe AEE RAAR 2R
of Hlgfed 1 JFgE obF 22 oz JEiyd
(Table 2, 3, 4, 5). ojefztel §}&i9) Frlel wg &5
7id o] Frhgol oy F7 5}‘6 AL ggoz Al
Hi e Eenw }g}(po vimide hollow

fiber membrane)ll A %=

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



I
(=)}

B

ol
-

rf a2l e

ol
-

in

o] A EAk9} 7];1]7}0

2=
.

A= =
S(affinity)e] wel EAR oz Yehdr

*}3\:94 AA7re) ol AEEAAE FREEE T
=, §HE WeldlA 2~48 =9 g(Module #1)
‘JrE‘rLH‘RiE} (Table 2, 3). olaraz|elztz} 257}
Jbsbe] wek Zvhele A Holn olfr 4
o) Ezpgol Ao EgHr} & oEAYC] 2
wZolr}, ojAheElqlxte] gt i WSk %‘
o] Zyigte] uwld #AdE olfE FEAY

TAtE AFE TR das dael it o

e o A?L ar

ol o o ¥

B

‘6

pad

A
oft

Hu JU

o

=5 1
T <

¢

Table 2. Permeation rate and apparent activation
energy for permeation of O2 [x107

¢c(STP) / cm® - sec - cmHg]
Adp 1kg/em® | Zkgg/em” 3kgy/em’ | dkgycm’
10T 1.1064 11773 1.2742 1.3348
30T 1.8170 1.9478 2.0678 2.1036
40T 2.4426 2.9275 26245 26876
50T 3.1480 3.2214 3.3348 34332
60T 4.0007 4.08%4 4.2261 43524
E,
(kcal/mo]) 106316 | 10.6316 | 10.7443 | 10.9728
(Remark) : module #1

Table 3. Permeation rate and apparent activation

energy for permeation of Ng [x10”
cc(STP) / cm® - sec + cmHg]
dp lkg/em® | Zkgy/ em’ | Skg/ent | kg em’
10C 04579 0.539%9 05700 0.6359
30T 0.6% 0.6508 0.7162 0.7838
40T 0.7374 0774 08190 0.8337
0T 0.863 0.896 0974 1.0172
60T 10686 1.1036 1.1678 12272
eyl 2202 202 | 20617 | 21054
(Remark) : module #1
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422 HE HL(N2)
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Fig 2. The temperature dependence of O2
permeation rate.
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Fig. 3. The temperature dependence of N:

permeation rate.
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Permeation rate
[107 em’/em® sec cmHg]

) 2 4 6 8 10
Pressure [kg/cm’]

Fig. 4. The permeation rate of O: according
pressure difference and temperature.
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Fig. 5. The permeation rate of N, according to
pressure difference and temperature.
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Fig. 6. The effect of water vapor on O
permeation rate with time.
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Fig. 7. The effect of water vapor on O
permeation rate with time.
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Fig. 8. The effect
permeation rate with time.
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Fig. 9. The effect of water vapor on N:

permeation rate with time.
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bkg/cm’ U we] A29) EREI 3 kg/om® U
2o} JoiFE 25%, 50%, 5%, 100904 zhzt 3.8%,
58%, 7.1%, 80% 1 ZA vtelydct (Table 4).

TEE TR die ASdE GEA|( Ap)
8 kg/om' A W BN EHE) 6 kg/em’
A 2ot AHFE 25%, 50%, 75%, 100%o)A 2zt

7y 54%, 55%, 66%, 6.4% W ZA JERHTH Table
5). oy H&Ata 9 AzxAL Enws) qtug
FEE B AT FAlEA FRo) i 98 A
Fols JFEAH ap)el Aee W Aoz Yehdo,
oleld el Tyl W Biige Zyt: Zga
F T n) A F (pinhole)# 22 B8 (defects)
o] EAt7) Y& Reg wdHT

Table 4. Permeation rate of Qs at 30 C [x10 '
cc(STP)/em® - cmHg]

Pressure | Permeation rate of Oy at various
difference relative humidity

(apP)
(kgdem’] | drv On | 5%RH. 150%R H | 76%R H.| 100%RH.

Remark

3 21403 | 19418 | 18177 | L7370 | 17060

6 2218 201621 19231 18I1] 18425 | £2 Module
9 2312 | 2097 - - -

Table 5. Permeation rate of Nz at 30 C [x10 7
cc(STP)/cm® - cmHg)

Pressure | Permeation rate of N» at various
difference relative humidity
(ap) Remark

?
[kggem’] dry Np | 25%RH. | 50%RH. | 75%R.H. [ 100%RH.

6 03979 | 03639 | 0357 | 03457 | 03403

43 Module
8 041% | 03837 1 0375 | 03684 | 03622
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() Z2HE oo 9@ 4a9) $7ge 27 ex
7b 10CelM 60CE Z713tel uwle} 4wjAm 2
e, Aae AR Fhsdow, Aad
W2 248 NUAEN 49 ¥ Bys
AUAE BT & @& vEhyeln. oz
W2 Rohge eno) U@ olEde] Wauc

b

T AE 4 Uy
& Axdast AxAa BFYge o)
2 Sk AEE BaAT

oy Z =0 LU =

whEith

FTHEEANYA 25l T FAE g2ag
olgste] dyon ZHA e g 2% ¢

dlMe) Famg dEadh. gEo] mopae)
ek GHEF7bE abheh Aae] Bilme) nz)

ol MR pasRod, 2EIF Fbel
weby Frmel] we gako]l HE ANE o

o\c}&;}..

100%2) 4tael 2%, A% s FAE w0
o 20% W pasn ool A o
1496k 2skgon, 27lo ANHen i
hF7kks clfg W) fade te 2w
oMl Aol Beg Aoz anEn

activation energy for permeation [cal/gmol]
activation energy for diffusion [cal/gmol]
activation energy for permeation [cal/gmol]
heat of sorption [cal/gmol]

pressure [atm]
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Ap  pressure difference [kgy/cm’]
Pi permeability [Barrer = 10 °cm®STP) - cm/
(cm® + sec + cmHg)]

perm permeation rate [ec(STPYcmt - sec - cmHg]

R gas constant [1,9872 cal/gmole - °K]

S solubility coefficient [cc(STP)/cc polymer

- cmHg]

T temperature {"K]

a* ideal separation factor

D diffusion coefficient [cm*/sec]

D, preexponential factor

P, preexponential factor
perm, constant

So Preexponential factor
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