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2 o : ¥ AFelME hollow fiber HEEE E% £4 CH, CO, 714k CH/CO, %7149 3 S4E 4ol ¥

o% LA} wlEale] vgkth &4 7IAS) FHee 2xol weh Arrhenius typeo 2 F7lstelon, BAsIAE
€O 6.61kJ/mol, CHE 25.26k)/mol viehgeh, ER71AS] Fahol slola] Fat¥-o] gash CO, 24, 2ol wlA%
o} CH, 2Ae cutd] Z7bo] npe} Z7}stech. Bejdats 5~20 atme] &3} cuto] 2002 2 A% Mo‘m 20~409]
W9l glglon, o] T LEUb AASE FbhE ABE dhidleh APAS BAdsE FAY S
CO. 24| A% 8% ool 4], WAF-2) CH, 242l A% 15% olol4 Axshsish.

Abstract: In this study, permeation characteristics of pure CH,, CO, and CH,/CO, gas mixture were examined by
permeation experiments through hollow fiber membrane module and experimental results were compared with simulation
results. Permeation rate of pure gas increased with increasing temperature in Arrhenius type. Activation energy was 6.
61 kJ/mol for CO, and 25.26 kJ/mol for CH,. In the permeation experiment of gas mixture, permeate flow rate and CO,
concentration in permeate decreased and CH, concentration in reject increased with the increase of cut. Separation
factor was in the range of 20~40 at 5~20 atm and 20% cut and it increased with pressure and against temperature.
Experimental values corresponded to numerical values with the deviation of 8% in permeate flow rate and CO,

concentration in permeate and 15% in CO, concentration in reject.
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22 ot CO& %&3le Cl chemistryd] 48 ¥
7lete) 712308 Qg2 4 4 gleng By} 4
3 Ao 2o 848 9jsted LFGRYH CH,/CO, ¥
2} 71% ¥ B At A=z (2]

B A7 e hollow fiber FREE o]43o
CH,, CO, #7149 CH/CO, £371A¢] §3 5
e gy, ol diFt £33 2dg Asjstd
FA A WS o] g8l ZTojlumal rf. 4Y
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(Tg)7} ¥& glassy polymero|c}. A{& F3ho] o
& Astel o123 FHHAE vingoeBH, A 2
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F A g o] vl AFuA gl

2. O|EX 13

2. 1. Glassy Polymer® S8t 7|4 SDjaiAl

aubd o 2 §-2)3 o] & & (glass—transition tempe-
rature) Tg o]&t9] 184 E4L glassy polymer®
o=, glassy polymer®] gas sorptiong dual-
mode sorption modeld] &3] & A=ejzlc). o
modeld] WEW gas sorption Henrye] W2ol u}
2 f#lges 23 Langmuird) #HFd o
microvoidsel] &2 H= 5 7}A] A4 o]F A1
Act.

Henry o} o ojste] whuljol] &85 F3}7]4 ]
%8 Cu, Langmuire] YA &3te] shfje] £
g FHNAY F2g Crolzt &1, zdAe W
&g 749 BYEr Cr: oS3 o] AP
(2, 4, 5].

CL”-b-.PF
Cr=Ca+CL=kH - PF+—1—+b—'§F—
oj714
ku : Henry“s constant [ mm* STP)/m®aim]
Pr : Feed pressure [kg;/cm?]
CL” : Langmuir capacity constant [mm’gas(STP)/
m’(polymer) ]
b : Langmuir affinity constant [MPa™']
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2.1 1. 27|72 £ot

SN FAZE £ wTARE L 71A ]
A4 Fiel glejxe]  F3A 4 (permeability
coefficient) P = t}-& Ao 2 Aol¥r},

wWadel, A 4d A43F, 1994

P:(PF_PP) (2)

4714
P : Permeability {[mm*(STP) - m/s - m? - Pa]
¢ : Thickness of membrane [m]
Ns : Diffusion flux through membrane
at steady state [m’/m? - s}
Pr : Permeate pressure [kg;/cm?]

53}3} " 6] Partial Immobilized Dual-Sorption w7}
Yl oste] dofutm F3H ¢fy Pr=0o2 7}
s £47|34 ¢ permeation rated gzl 7to]
gy ez HysHd6].

P_Ns_ki-D F-K
TP 8 [1+1+b-PF] (3)

4714
D : Diffusion coefficient in membrane [ m?/s]
F : Ratio of diffusion coefficients Du and Do
{=Du/Do)

K=Cu - b/kn

2. 1.2 E287id9 &£}

¥ 4% EWNA A%, 7 ¥l e Henry
9 g% M2 594eln Langmure] F3& ¥
Hiol N2 AAHE RETHR AR5 545
W ()4 AALE el A, B F 4% 7
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& 4 sleH6]

E‘}.: kHa « Da
g g

Fa-Ka ]

[” T+bA - Pr - xA+bs - Pr(1xa) (4)

ol RAYFFEL T57IAY FHAYE F3do
Al(3)9) B4 kuD/ ¢, F- K, bE 733 o5
Al(4)o thlsko =43hci6, 7, 8]
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P=D-S (5)
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A(5)2%E p& D9} S #59e ¢ ¢ WA
5t D2} @bl &)@ gfo] So| Wstol g Ay
th dwbdos WA ad. BAAF gHEATE
theAez g8 4 ald12]

D=Dqexp(-Ea/RT) (6)

S=exp(4S°/R) exp(-4H°/RT)
=8,exp(-4H®/RT) (7

AREe BEgsdan dubde® e e 7}
A, &4steliA Eakict A zomz, 2(6),
(2RE P2 3d3ld oh&2] Archenius typel.
2 Wy

P= Do - exp(-Ea/RT) - S, - exp(-4H°/RT)
=Po  exp[-4Ea/RT] (8)

2.2, HY ADES| XA
2.2, 1. AP ooE FaisAe 7|2 71y

ARy drEoe 32 i3t FATAAE &
L Ae dedtaly) sk g e S 8
A9, 10].

@ =% shell side WaFol FLEo]
A5 o] 2 2 2 Joule-Thomson &3} FA] =}

@ shell side Wake] kst S (AFE &
3o d5E).

@ FHige seTile fr =dEEH F3
3% 2% plug flow o]c}(no concentraion
polarization).

@ 9] %3 % (permeability): Partial Immobi-
lized Dual-Sorption model4}-g- w&r}.

® fiber boreol 48} HRste FFEF g
Poiseuille®] &g w2}

® Y7129 AxE 249 F4E Wike eq. &
g2o11].

@ =& %% 23= Fick’s laws o&c).

2.2.2, A7y ategoiMe EaeX

G555 o AGEE g9 23 ehigl
o}, oliAH gxd il F AE A Bel ti#
Fick's laws #H4gsted w9 o}t i1, 9]
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Fig. 1. Notation used for the development of model
equations.

A AEd(yaQ)=
(Pa/ ¢ )(Puxa-PLya)da (9)

w
oXx
514

Dd(ysQ)=d((1y2)Q) =
(Ps/ ¢ )(Pu(1-xa)-PL(1-ya))da (10)

o714 A, B: o33 =49 F4& Partial
Immobilized Dual-mode Sorption model4]-¢ o} &c}.

(93 (1008 FAFAXH ol ] T4 978
ol48ted AelatA (12), (13)4]o] ReH10].

Pr= P./Px (11a)

a=Pa/Ps (11b)

L =L/Le (11c)

k=Lo/(Pu( P8/ ¢)) (11d)

L L .

T (L oV T

da _ 1 _

AL =Ky T Priy) K2 (13)

Al(16)3} (17)& Fstdd g Alo] odojxic)

da/dx=—kF1xF2 (14)
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}1, 9, 101
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dPL_128,4Q3(1/T9) )
dz aDi'n(PL/Ps)
7] 4
Pt ! Permeate pressure [kg/cm’]
i Viscostty [kg/m - 5]
Qs : Permeate flow rate [m*(STP)/s]
Di : Inside diameter of tube [m]
n : number of fiber
A2} s ! standard conditions (0C, latm)

2¢71A9 AxE Lo Wike eqog A=
[11].

L
um_ZZx i (16)

0;=87"%(1+M,/M)™"*
A+ i/ 1 ) (M/M)? %) a7

7] 4]
X, X; . mole fraction of species i and j
M, M, : corresponding molecular weights

bR, ol¥ R at ohest o] WaHd,
da=nnDodz (18)

ok

&7]4) Do : Outside diameter of tube [m]

A(18)F Al(15)< tjglatd,
dPr 128 u Q(T/Ts)s
dz ~ (nm)*Di*Do(Pr/Ps)

(20)

ol A(19)e A(14)& F3t2, (11a), (11d)E ©]
sk Azistd (20)4)3 Zri{9, 101

dPr _
d—x“—klelXFZXFB (20)
o714,
_ 1284 1.0*Ps(T/Ts)
k1= () DiDoPw(P3/ 1) (21
F3=(L"-1)/Pr (22)

Fiber vje] 9Jojo] =)zl 49} permeate Ex & ¢}
Sz 2t

y={(xL"—=x,)/(L"-1) (23)
2.3 AZg URES QA TR
E z2a3 2.2944 fes 754 Aay =t

2Ee B A A mEAA(A(12), (14),
(20))% 4219} RungeKuttadhg o83l 43
Ao Egick 2 oA gho) mgtg
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1. CO; Bomb 7. Membrane module
2. CH, Bomb 8. Water bath
3. Check valve 9. Gas chromatograph
4. Needlev valve 10. Integrator
5. Flowmeter 11. Regulator
6. Three way valve = -~ . Electric tracing

Fig. 2. Schematic diagram of experimental appara-
tus for permeation measurement.

00, 240 ohg FH42] 4, 49 203 wwA
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Q.
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£ AYoA A4 71T APAAE Fig. 200
el £ Agdd 283 $wEe UBE
Industries, Lid o jabe] A=l 445tslo] 9=
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A& 170um, 97L& 400m, FESHAL  0.1m?o)
n 2uEo zely 352.5mmojt. AH-E A=
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Ehsud QALE(0, 60, 20C)Z $A=o] 2
& 229 FRZ o) e HEER Solrby 9l
A 448 LEANAZ £Y4Y LEE Sy
n, H44HL 1~20atmoldct. EFALPY A,
feed?] 242 CH, 60%, CO, 40%9] g3l A
hen, Wiy 9@ Ry zAMe GC.
(Model : HP 5890, Column : Porapak Q 6 ft)& o]
£-31e] Eddlged
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Fig. 3. Effect of temperature on permeation rate for
pure CO, and CH,.
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Fig. 4. Effect of pressure difference on ideal
separation factor.
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4.1, &7\|H e Foud

CH,/CO. &371Al9 ¥ FAEAE o} B2
o]% modelling3}7) $8td F=7)H9 EAAFS
galo £x, 3o FFL Yo} B3kl Batch 4

PR(mm*STP)m %" 'Pa™')

040 T T ¥ T o T Bl T ™ T v
—_ 8 o 70C
T ® 60T
£ 03B v 50T ~
» |
J
g E ]
= 030 o
& /./c"f‘e:?f‘/. _
@ —
£ 0.25/ i
¥ 5 J
ay
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Fig. 5. Regression of permeation rate of CO,(a) CH.(b).
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~20atm #H$ o4 Agact.

Fig. 3& 259 Zylo} ulE F3}&(permeation
rate)2 Arrhenius typeo ® plotdt ZAgld =1 7]&
712RE 7 1A g AU AE 77 5 9
o, HPHo® CHE 2526 kJ/mole|fx, CO,
L 6.61 kJ/mol2 el &, CH,Y &5 9EA
o] CoHEt} £ A& & F sich ol ¢]f = Fig. 4
oA & 4 sl ule} ol 2x FUto wel ol
2R} 2A oz e s & 4 el

7)Aol tig+ Dual-Sorption 254} (3)94]9]
2d BEgAs kuD/ ¢, FK, bx Haakew (least
square method)& ¢4, 73te] Table 1o v}e}bfisl
t}. 7] 3o & Dual-Sorption Rdle] H&4<
atolB 7] $J3le] Fig. 5¢] PR& 1/(1+b-p)oll o
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Table 1. Determination of Dual-sorption Model

Parameters
kHD/ ¢ b
Gas| Temp.
as| femp [mm(STP) +m™* +sec™ » Pa™'] [MPa~'}]
50C 0.03362 7874 0.1484
CO,1 60T 0.03450 8.050 0.1049
70°C 0.03500 8.185 0.825
50C 0.001441 4.184 0.10360
CH,| 60T 0.001698 5.114 0.07281
70T 0.001849 5.691 0.04771
10 H T i T
o 70T
® 60T
0.8 |- v 50T .
= — Numerical
E
~
— <’,,-0——————'—’"‘.——_>
I 06 |- /—’/j "
: e —
2 Yo
% 041 ¥ -1
g M4
L
é 7 10atm
£l f
0.2
XF-co,=40
0.0 i . VL N | N
0 2 4 6 8 10
Feed Flow Rate(1/min)

Fig. 6. Effect feed flow rate on permeate flow rate
according to temperature change.
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15% ool M dxatgdct. 239 YaloRE B Y
Ag Bedlety] 93 g8 RSN ulEE sle
2 At

Fig. 62 =45 $3d @& F35 §3& e
B A, 2xst F7bska, o] Fhgtel el
Y- fako] Fvlste A%E Jehigld. oA
257t 371855 Fago] F8ly] wieid, o
714 712719 =q)¥ kel A TR {3k v

el A4 A43F, 1994
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Fig. 7. Effect o cut on permeate flow rate accord-
ing to temperature change.
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Fig. 8. Effect o cut on CO,% In permeate according
to temperature change.

L cuto 2 AoHu, Fig. 7o4 BHEo| cut (V)&
Mol s78TE FAYY f2E A2 ¢ F
Act.

Fig. 8& cutel W& F3ief4gf CO, 24 w3}
£, Fig. 9¢ #ATZH49 CH =4 935 Y
Waldh 2=7t $71daE A8 ojyAlzt & CH
& 73 0t AdAde R AR FIiA49 COo,
243} A9 CH, 24& Zasach
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£
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Fig. 9. Effect of CH,% in reject on cut according to
temperature change.

5.2 B

Hollow fiber #2828 |43 CH, CO, 5714
o} CHy/CO, £8714 9] 534 AYE 55t 29 &
A& AR 33, 44343 Dual-mode sorption
modelA]€ 7]22 & hollow fiber SR E o4 9]
g1 ele) 2 229 2H, o]F o]43)
of 7 mAMATe} FAAYPE Y8l d APA
g e, g3 e AL Ao

1 #9749 382 259 Z7kd gEgAe
Arthenius typeo.2 Z7stglon] Faade B4
gzl CO & 7 6.61 ki/molo]glz CH &
25.26kJ/mololglct.  71Ae] F384L  Partial
Immobilized Dual-mode sorption R dlel] & A4-5
et

2. BASAAE 7|22 A2 oA 439
Runge-Kuttafj o 2 $xjs|4ste =2a9he a4,
Fold mARgtel AYE wlng As, S F
T2 CO, X9 744 8% oluelA, wiAK- CO, &
=98 B39 15% ool dXe= ARE AU

3. Cuto] Zvlgtell wet 3449 {33t CO, =
e asta, WA CH, 248 3718t 3%
+ B

Jizgdy

b : Langmuir affinity constant{ MPa ']

CU . Langmuir capacity constant [ mm’gas(STP)
/m?*(polymer) ]

D  : Diffusion coefficient in membrane[ m%/s]

Di  : Inside diameter of tube{m]

Do :Outside diameter of tube[m]

F . Ratio of diffusion coefficients Dt and Do (=
Du/Do)

¢ Thickness of membrane[m]

ki Henry’s constant{ mm*(STP)/m® - atm]

N : Diffusion flux through membrane[m’/m? « s]

Pr,Pt : Feed pressure[kg,/cm?]

Pr  : Permeate pressure] kg/cm’]

Pi : Permeability of i component] mm*(STP) + m
/s-m’- Pa]

Q  : Permeate flow rate{ m*(STP)/s]

L  :Flow rate on the feed side of the membrane
[m*(STP)/s]

u : Viscosity(kg/m - 5]

a : Membrane area m’]

T  :Temperature[K]

n  :number of fiber

Subscript

A :Penetrant gas CO,

B :Penetrant gas CH,, less soluble gas
H  :Henry's law mode

L :Langmuir’s law mode
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