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Abstract — So far, most of research activities on modeling of membrane separation processes have been focused on
binary feed mixture. But, in actual separation operations, binary feed is hard to find and most separation processes
involve multicomponent feed mixture. In this work models for membrane separation processes treating multicomponent
feed mixture are developed. Various model types are investigated and validity of proposed models are analysed based on
experimental data obtained using hollowfiber membranes. The proposed separation models show quick convergence and

exhibit good tracking performance.
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Fig. 1. Schematic diagram for membrane permeation test.

Korean Chem. Eng. Res., Vol. 53, No. 1, February, 2015



24 Aot - A= - ol - oY
Permeate out
Yo
V, = 0L |
Low-pressure side D> Vo P

Pt 11

e AP
Ly, Xp3 Pf High-pressure side L,=(1-6)L,
Feed in > Di» Xy » Reject out
Fig. 2. Complete mixing model.
oXy -
T v Aon e vk g} ulwshs 79 o A Yos = L )

Al fr ‘2}‘3}. FE}EW gk ella] 7 ]iﬂ-ﬂ iy Zﬂ %‘% %”é 3},
71419 _g_ﬂjjr o wEko g wn :[LHH7} OITOVE}

3-1. 2E5}H(Complete mixing) D&

Fig. 20 221 ¢bA-E3} Relofx= ALwnl s} fARH 2t
o2 WA 7 A, B FREY AGE, B T
(permeate)?] A ZH2 wdsitha 7o)

9 HAE A olek & W, F RIEE g T Zo] vERd

% gk,

MZ

Z A Ji(PrX,,i=PiYp,i) M

]

i

S 0+ r—10) (0 1)
Tom ;

o= The3} o] ekl 5= 9lek.
(25

3-2. WXISE(Cross-flow) 2

Fig. 30l B2l wAts5 FelolA 11945 7|A= v 3
2 7§52 g AN T2 70 E 1E 49
o] Fap|Ale AR el tigle] 0% sE= o It
o}, o}&e] whe] oF Fojie Ejto] o] Fol] ] = Alow 7MY
Sie webA vhS whEs 9] o)) oM 8] T IA| s T 9]
2ol 8] Y5 FE-=2] ARl Tl «]OH A7g¥rt.

geshs AEV1A =] TaAe Ui f9lve A
ofet gt} & F35) ?Fﬂ(" Xi"‘%— 4% O}EW l?ﬂ‘ﬂ
AE7F TEAM] W =
slo] FeWstE Jrejsit), b7 ﬁ}i 913]'01 XHLT%Z— %LE—:]. P T
AkEre] ojof we} wst npg=e] Fa= ob Y pr> dAsitt

Stage-cut

Al Ne
m mph) iz _ryp’ i) (6)

X, =Ty, ) = (

FlollA Naz A Froleh. & (DNEFE o 22 A I 5 3 7P eIt 12]. AtellA 71A) EHE-"J 4 Herning-Zipperer
Art. FEA S 2HE A 5 QU5
A W £ =L U=k L =£ 0= r=252 o)gaiu
Youi _ iPiXri=PYpd) _ Ji(Xim 1Y) ) qw WAES e LEF om}Lf ARV
= = == E PN
Ypi  JPnXe;=Pi¥p)  J(X-1y,))
* N )
S BAFA A thga) gt ZL - K| Ya oy %)
VA 1
Lxpi = LiX, it VoY 3)
dx; K {Xi% [Xi ) O('i(xi )} ®)
e S0\ T Y T Y
] dz e L
Zypz—l o|HZ A (2)9} 3)CEYNE T key JE-0] 24, = dr .
Yol TR RGPS B2 5 gl o b ©)
d Nl.J 128uTR, 1L 128 TRL
N, ox,, , ],:n o {E mpst _ H4 ng et — | L (10)
.Z WA ,‘ - @ 4 nd;Np; L doplNFJ
f”ﬁueﬂ—re)(aj—l)
3-3. 3RS E(Cocurrent) 2H
okze] TS e 24, =5 y, &t 2ol vekd &= Qo Fig. 40l 22l HFEFNE Fu712¢F Fo4e 71A12] 58

Korean Chem. Eng. Res., Vol. 53, No. 1, February, 2015



SIS ol8shs TP ERE R BEY 25
Permeate out
V,=0L;
Vp.i
z=0 — dz |e— z=lg
Low-pressure side
(r1) Ny dg
F A A A I 3 A 4
Xy
Ly, Xs, Py _
Feedin = (D) Lx ! b Drtdlache L T @L;{e'ect out
Pr) plug flow I !
3| ddy < k differential volume element
Fig. 3. Cross flow model.
>=0 — dz |e— z=lg
Low-pressure side plug flow ; T
. 4
(1) Vy —> dg ™ V+dV, y+dy —————» Permeate out
A A A A A A ¥ 3
Ly x P X
fr M BF =
Feed in y L x — — L+dL, x+dx L=(1 H)L’i{ .+ out
; - — Reject ou
Pr) plug flow \ !
—>| dd,, e\ differential volume element
Fig. 4. Cocurrent flow model.
Fol Mz FUsieh. o d=0] BEe Fela sFo AFHL gy (17)
AR/ EFEE FRA o, F U 799 ok z
2} 73900 Gl ek S3AY b BRI EAs 3.4, BEEE Countercurrent-flow) D2
AR ZHRIT12] Fig. 501 1Q) P55 AL FalZ3) 252 550 o] A=
AR/ EFE] R FEANE] S AU A F i) malolel, oo} vR IR 31 B50) el o]
> _ IuP = _
AR 5, =T A S TR REEE SRR SolAliz 5} Fol el ol oAl 29w TRE 4 gl
. 73 B R UPelM 9 sheEsinke: arefabr] = dei12).
T Y ay) (1) WA W5 S50 YNk WAL LR/ S 9
R 7k z=00] H] 55 BFe] fEHE A 2=17} H1 24
dx,_x X % L haEel WsE vehgs mase o] wie} et
“‘;; = “‘*i:1ai(xi—r}’i)—i“*(xi—ry,’) (12) B9 W LY 29 vigl Ak WA = J},:PhAm’ 18] stage-
cut 05 2-83Hd vk HAEE €= ’
dr 1-L
a—_ =83 (13) *
Sh r _Lx,—(1-0)x,; (18)
128uTR,L; T Lo
K, = _-E-g_.L (14) L +6-1
44 332 *
T[diduthFJm dT - K 1-L (19)
Je. 3
W ARSI Bl Frd SR R K98 A% asi '
o= vk WAE It gs} Z=EAME R R Zo)5] Ao
" X (3 ) dr . oes
s, 2T (15) &KL 0)
dx, x; X (x,- o (X 128uTR,L;
B M0y G g - TR o
R g (16) T RdaND,

Korean Chem. Eng. Res., Vol. 53, No. 1, February, 2015



26

J'pi

= HL,f
Permeate out —

Ly, %1,

Feed in —————

Fig. 5. Countercurrent flow model.

5ol 595 5585 $Ho=

Aot - AR - o] - G
z=0 —> dz |e— 7=l
Low-pressure side plug flow
(v1) V+dv y+dy < dg Vy
I A A Iy A A Iy
X,
Lx—» o L+dL x+de | L™ ”‘9/13..;{. out
; —
(pn) plug flow — eject ou
| ddy [<— K differential volume element

/\étﬂﬂ,__ N—_ﬁiﬂi ;(]—_I_r_% 5

Fo] HZEE YR (z= 1,7} FAL AGHEF s=00] H] T35

3-5. Multi-cell 2&!

Multi-cell Z&elM= 7]E2] AP AR FEAM 2hie] 5782 =
501 FHEHE A s =5z =0p7F Ak WA el A8 AL TR 9] FEAEe] S o]
A7) A 2 FE= Aol O] FIR|= TRR9] cellE=E T E O] Qukar 7HEskar ZF cellel] o
o 3 mEAS AR TS 741 o saigitt, 53] GRE 2R 7
dv
e Z o, (x,~1y,) (22) T 7Hdshe 27|Zd0 et FHEE gEiRle 28 oAl
o A7} JJol7k W gtk o]2lgh 49 ]S 7] Zoluhi=
dy; o] &3}AQl Z=tlo] Hr}k H el o] 9Jojx= FSE=R=]
yl — ZQ(X _ry)+ (X ) (23) }ﬁ ] —S—J’]"‘l T ] \‘E} = Ooﬂ M01 ] ﬂ 0'—'—_"] TJ/]'
ds /b ISR RS GRShe SEANE R vl
(1-0)x, +V'y, A5} Hagen-Poiseuille A4S w2}l 7Hg SHoh15,16].
= —1_‘_\;’; 5 : 24 Fig. 62 &7F3552] multi-cell & EE]% HeRA Aot} Y53y
. Al AR U, 52 o= =902 = 9lom tehe &
g_r_ K, (25) 2APE] U Sgel] thaiAf et e OP 12 ok
> FHEE multi-cell 2] ARG cell 5 ng A5}
2 -
_ _128uTR, L/ 26) AA,& TR} o) it
] d, dop N;
hF _ md,IpN, 28)
" n
AR7} F3AE) R FSE A9l
dr , * 4 F5 559 A7 _]9/] EREE ijﬂ:ﬂ sk
G- KV oy @7)
z=0 AA,, z=lg
T Phim L, L Ly . ! L, D Lar L,
— 1" P T Pa2 — " P —- e —* Phn —> DT> _
Lr G %2 T G x|
e | e a i s A
q;1 . q;2 5 E g4 i E jn _ 9in
v i ¥ E E v E i v E v
V=V, v, | v, | A v, W,
L =y T - T - — - -
YirTVip P ! P ! ! Pix ' v Pinr Pin
Yii | Yiz ; | Vik | P Vi ; Yin
(S S RS i 1
‘ ‘ Permeate side ‘
G)‘ G:. Gi’ Gﬂ»}' Gﬂ
‘“‘j‘-l‘ \i'j 2 1*‘1"_}' “‘j.ﬂ-f ““j.??

Fig. 6. Countercurrent flow multi-cell model.

Korean Chem. Eng. Res., Vol. 53, No. 1, February, 2015



FEALS of
=i =1+ thAA)lk 29)
P, kJ A
Thomas ‘”jﬂ%[lﬂ—% ol g3l k WA cellel ] ZHFEE 50
B3 vaa o] yERd 4= ik
lj,k = qj,k_sj,klj,k+1 (30)
21l s, B g
., = D 31
MBS
b.,—B. qi k-
Y /A N 32)
e GBSk

27

cell Afolel A 7hsst Hl) 2AAMEE Ax,,, 2kl SkAE H Z*é‘ﬁ
s} ol FolAl e T2} gHo] Huzt Hojof skt o=

2 qkelo] flugte pE AXHD T 99 pt 0 uﬂom
Xjn = Xp = Ny AX o]i k= nmm?— 755 s vt 22
Hg el 7 ot
- nd, 1N pJ X, (38)
T AX (Lt d 1N ij)
= A=A

3L 7Fs8k Ho 243} Ax SHA| gste] =t Tl %
O F AXp,, =0.001~0.005 W7 sphd st

2y 57 EFo] EABEAL X
sh= 7-t-ell= o] | o= cell®
sl AFA cell = ng IGAIA F}

max - 1 =

HREF] YF-E sweepE ©]&-
550 = =7 A el FFolok

sk o] FoAAH Al By, Cy, Dy i Ht o] e A stage-cut 2 7S S5 Z710] FoIX AdEellA] A vk
qicH15]) AG THR= 79 0A BES St cellole 7153 Tha) o]
W, o} o] that 22 9 5 o,
Bi=—1-0A 33 Lx, ~L{(1-0 2L 1-6
o,As _ L L1 -0)x,p X, f*( —O)X; x )
Wi (o OGASN Wiy " ( 0)
=1+ + + = X: X p)— —
Gu=1 (xjAs,\l zkrk) o,As, (34) 2{ph( s XiR) =PI} J/{(Ph Ph 9 P/)XJ‘.R}
D.,= M(Hﬂ) (35) o2l q 7 51 2= 0]
PR AS Nz Ty ol A A o] 7] 7MY #tew o8& 4 Sl
ShH k HA cellol A ] £ =l 4. 243} 9 D&t
+ -a 512w, RTI L
py g = k] Vphk I Hé" ) (36) 1. CHYE EiE0| 2|
s rty Qo] T T ERE Bl WLEY BYE 5]
Pua ~put e G7) S8 BUEATE FAF A BAE Fekn AupEE v
TNy P wateleh., 48714 H,, CH,, CO, Ny, CO,0] 5714 ARER o]
5} 7o) Zo) it ol Bl T Fato] Hy)h RelHc) HOEREE, 1A
Celle) 5 n& FEAN Yol 7} JRe] srekay) & geh} 58, WREE, $R580 41 B tajel BAIE S
E5 A E ool St} HA cell 4 > 2t cell WiollA o] S S7HA] gl st F9= 297 stage-cut 4k B]I3te] Table 1
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Table 1. Results of comparison between reference [7] and simulations
Feed
Model Classification cec gas
H, CH, CO N, CO, stage-cut
L. Ref[7] 0.4310 0.0945 0.1959 0.1165 0.1621 0.3964
Complete mixing
Computed 04311 0.0945 0.1958 0.1164 0.1622 0.3963
Ref[7] 0.4707 0.0910 0.1806 0.1072 0.1505 0.4131
Cross flow
Computed 0.4708 0.0910 0.1804 0.1071 0.1507 0.4130
Ref[7] 0.4662 0.0917 0.1821 0.1081 0.1518 04112
Cocurrent flow
Computed 0.4658 0.0918 0.1822 0.1081 0.1521 0.4109
Ref[7] 0.4742 0.0905 0.1793 0.1065 0.1495 0.4146
Counter current flow
Computed 0.4737 0.0905 0.1794 0.1065 0.1498 0.4142
Table 2. Simulation results compared with experimental data
Model Permeate composition Retentate composition Selectivity Stage-cut
Experimental result 0.3753 0.1430 3.4310 0.0200
Complete mixing 0.4100 0.1414 3.9386 0.0316
Cross flow 0.4198 0.1411 4.0993 0.0319
Cocurrent flow 0.4606 0.1383 4.8395 0.0364
Counter current flow 0.4217 0.1410 4.1327 0.0319
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Table 3. Simulation results of 2-stages membrane with sweep gas

Composition

Model Classification N co, 0, 0,0

Flue gas Ref[20] 0.80 0.10 0.05 0.05

Computed 0.80 0.10 0.05 0.05

Retentate | Ref[20] 0.88 0.01 0.05 0.06

Computed 0.88 0.01 0.05 0.06

Permeate | Ref[20] 0.07 0.55 0.02 0.36
Computed 0.07 0.55 0.1225 0.0346

Retentate 2 Ref[20] 0.8 0.01 0.11 0.04
Computed 0.8426 0.0003 0.1225 0.0346

Retentate Ref[20] 0.88 0.01 0.05 0.06

Computed 0.88 0.01 0.05 0.06

CO, to pipeline Ref[20] 0.02 0.96 0.02 0.00

Computed 0.0207 0.9641 0.0152 0.00

Fig. 9% Fdfre] wighel wiel GefA& stage-cuts 4714 & Nomenclatures
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41.5 MMSCFD(574.18 gmol/s)® %™ ¥ sweep gasi= 1% L, :feed rate [mol/s]
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A=gkElth, RARIME= AspenPlus HYSYS®S AREalSi=t] o= \Y : permeate rate [mol/s]
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Aol A AspenPlus HYSYS®9} MATLAB®C 2 83t 732 Pr : inlet pressure [pa]
nals AFste] 242k FoAMR spread sheet® WERY AL sweep o : outlet pressure [pa]
gas= 7% H,0+ separators ARE-51o] Z2I3IAT). sweep gas= A, : membrane area [m?]
T8t -] BAPEAIE Table 3ol HQ1 vkek 22T} Tableol| A 1 z* : dimensionless length [m]

WA Rajuty) oH s Eajuke] EuZa) 2524 v] 714 AR-2) : outside diameter of a hollowfiber membrane [m]

ZAdo] FaiEd 3} ol AT AJolE HolX|WH20] AZE AL A ; : inside diameter of a hollowfiber membrane [m]
28s & 4= Qi N :number of hollowfibers [-]
q : diffusion rate [mol/s-m?]
5.4 = R, : gas constant [pa-m*/mol.K]
K : dimensionless constant [-]
TR e 580 A9l fsle] EEANLS o8l BB 4el I lemgth of membrane [m]
z : distance from the feed inlet [m]

gk ikt Feje] RS JsIGith 79E REES o]k 1
AH e} 71 &2 it AE(7,2012H2] vl 9 A d o] s
AFAzlele] NS Falo] Pt wEle] A AE S st
Hlwate] ®oktt, 71E RS BAMA TR & A
Addels gAFCr dX|sh= A3S Bk B3 multi-cell

: dimensionless membrane area [-]
: absolute temperature [K]
: purge stream rate [mol/s]

=
32
o
-~ 0@

: retentate outlet rate [mol/s]

FdlS 5831 o]F HEOA sweep gass ©]-2Sh= Aol = BA} v : permeate outlet rate [mol/s]
A 7)) Aol 2 AATFS BT w  :mole ratio [
ZH AL Greek Letters
0 : stgae-cut, V/L;[-]
o] =& 2013 % (] el 2] Aoz (A)gkro] a : selectivity, J/J,, [-]
Abshekas 3223 9l ATt JpEAlE o] g ot =aiE Al M : viscosity [cP]
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