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Abstract — Smulated Moving Bed(SMB) chromatography is a powerful tool for the continuous separation of binary chira
compounds which have different adsorption affinities. It is a suitable technique for the preparative and production scale sepa-
ration of fine chemicals, in particular enantiomers. An eight column HPL C-Simulated Moving Bed(SMB) chromatography has
been built and operated for the separation of enantiomers. The separation of ibuprofen enantiomers was studied on Kromasil®
packed columns. The linear adsorption isotherm has been obtained from the single HPLC-column experiments. The initia
operating condition for SMB was estimated from the triangle theory. In order to find the optimum operating condition, SMB
experiments were carried out with various operating parameters, i.e., recycle flow rate, switching time, raffinate flow rate, and
feed flow rate. It was found that the optimum operating condition for the separation of ibuprofen enantiomers would be

obtained by the systematic method adopted in this study.

Key words: SMB Chromatography, Enantiomers, |buprofen

1. A =3

= ool kel 75 Al 4 7t O RAE S s} B}

£ Al tiRo] el enantiomer QJOFE-S ToIShES fiwsky ek,

TTo whom correspondence should be addressed.
E-mail: yscho@kist.re.kr

ol

olel wel 712 shitee Bals] slgt 2al sleel F240] Sohs)
A ISAEk ALY Ol 2ldel Shiz 1% Az
oldAlel wRAoI} B 1R vhAsh B4 Bl MEA8E of
S8 ERY R BE A0S ALY O BAE TR 0193
A= FHalel Halg Fsab s ﬁgi OFEEH HEe U

=¥ 227} & He Aow JdeiA
aErkE e 8 AR E3Ee] =a|L the 22 el W) v
& oA 8 A183hs 430l Yom, 53] Medr B2t F2 0lF

I
HII



686

ro

o4 ol Wt ol Eal(©IoRE 2 A Sl 53] st
A SLErkEg el ofe) ZhA Ol Baka Al Al &
2 98I Thest R BAIRES s slol Bict. Batch chvometography
Aol olate] ZHO| A7) whet 714 0% Wab HEE 2
Wel &ael vELAHe 0183 we Yol 8y} 22 +9
s 22| chat B0 4% TR e

o

o

=3

=4

3] 2l

Asko| A st AdE Twre| B2t Bbsdn A4 &
3:]_ (e}

s

0 ol

HI

Of #7F58t B S 7145 9iek. meba] 919k 22 batch type2| &
959 Fusle] MAeiHow TRt Balgsel $8< Sld 954 2
| 825k At 944 2zrkEags g
Y G A2 0183e] FertaRi X
U

% hypersorption &0
Bed 7S =8t A% owkak FEO0| /el UOPARR] Sorbex,
aomaticellA] pxyleneS E£2|5R= Parax, branched cydic hydrocarboreil A
n-paraffinsg 22|3= Molex, high-fructose corn syrupellAl fructoseS
=2|3= Sarex processll =] Frh[1-4]. H2ell= chird 3-3=
o] A%EE|E 93] SMB(Simulated Moving Bed) chromatography <1
77 B0l 5L 9o Simulated Moving Bed systemel] Chgh
Alo| HEst F53taL AATHE].

Simulated Moving Bed chromatography= &250| 12 & &24&
2ilehs d&4 38-71&e| shuts Enf 421 70] batch chromatography
Hoh A v™ake| AR AAHF0| xom B8 AYo=E BEUt
7Fsgt A9l = 4 sl 7|&# o' 22|17} 7k 100%l 7t
7h-e- A% AFE AYA0| 7FsEth, 22|22 batch chromatography2l
el 829 8|43} yHAke| vre §.448 Simulated Moving Bed
chromatographyg A3t 714AIZ 4= 9t Simulated Moving Bed
chromatography:= biotechnology, pharmaceuticals, fine chemistry 5
2] e A8F 5 k. 53] HPLCOA 7l 718 1 ™Aes 0|8
3led batch chromatography2| TS 3 A38IHA] A4 o= 33104
AAE v+ 2 tEFo 2 a3 7] A8t E&3Q1 A& a2

e o]l Simulated Moving Bed systemel] CHSF =270] #

[

X

A A k. B=8F andlytical scaledl|X] preparative scale2 2| scale-up ¢
2 0| IBHS A3 Wil scaeupell AE2l= AZHo| w2
B Simulated Moving Bed syseme| A4z} O|SM9| IF3E
8l T Aol 80| W2 Aeolx 827} 7FeeA " 71E
HPLCell H]3ll Simulated Moving Bed chromatography= 2 £-J4t
48 22l 82 5 Jo] Hsls ¢ ookx 22|E ¢Ist 7]
2l T8 7124 2182 & e s 28 71<0[H ). 53]
713 BHE enantiomer?] 22| B8 B A7 HA Jo
amino acid, ascomysin, 1-phenyl-1-propanol, 1,1'-bi-2-naphthol, Troer's base
compound 52| enantiomere] SMB & £2[ol] &8t A7 B E Y
oH7-1].

2 AN e QotE 2 HIssHAES IeER 82T
A& AZ2utEa e A2 ZlsriEEs 9l eiel HPLC 2
Ast A4 29| Simulated Moving Bed chromatography& 4 ]
At B2t =42 H2H20|E AlFe 1 2 29A= d2| AL
BH o= 712 815HE2l ibuprofeng: A1 5te] Simulated Moving Bed
chromatographyell 2lsl £2|319th. SMBe| &4 =4 =& #HE
ATES| e 2 Qe B2 AW E ARk ks HAHS 2
ot wEbr] SMB 1S 98t A =79 =E2 Asixe AA
S =dsfof ght}h. 94 equilibrium theoryE vig o2 £a|
7] guidelines &3t A4S A8t o] 7] A9
SHMFE Al o8] B2l =718

ZAbstATE Agd 2

N o

o Ao 1o

E

-

EF—E‘

L 2 o
o
17

[
o

e Bom 2R
3 2

lo ==
B
i)
__):I_l“
=2
k)
o
t
2

ol
ol

)
)
o}
(ila}
.
3
2
=)
il
o,
oft
oX,
o

o

ot
o
Lo

A|39#H 65 2001 129

e - I - 2l - o

=
=

0

ibuprofent22|2 918t SMB ¢4 ZAL £&8 & 9Iglow tiakst W
FE0| SMB £X5H0] n]Xe Yk FAREIAT
2.4 3

2-1. AN E

22| AEA= vz R0l= A% X1F 2 294 2 dE| AE
HoA) A e B3} 0192 EFERI(R, 9)-Ibuprofen [(+)-(R, 9)-2-(4
isobutyl phenyl) propionic adidS- A1&3153 0™ A18% Sull= chromatography
grade® 75/25/0.1 vivote| hexaneltert-butyl methyl ether/acetic acido|t}.
72 ™A Kromasl®(Ekachem., Sweden)0 [ O,0-bis(4-tert-butylberzoyl)-
N,N-diallyl-L-tartar diamide2| chira monomer7} siliceel] 23He Aoz
particle size= 10 um, pore size= 100 Ao|T}.

2-2.SMB A4

Simulated Moving Bed lab-unit= ZH zone0| 27112 HHO 2 0|F o]
71 2-2-2-2 configuration® 2 Kromasil® <#l2| =78k W7 046cm, 2
0] 15cm3] HPLC-H ¥ &7, Vacortel multi-position valve 571, E710]4
SHI 47), check vave 871, metering valve, rdief vavez T4 o] 3l
t}. Solvent, extract, feed, raffinate 2 recyclee] XM 7 L& 57j9| 8
port multi-position valveE Programmable Logic Controller(PLC)ell 2]
3 ZAste] FP3ct. & PLCY Z2 IS gste] A= time
delay$-cll valveS =20|A 3t

Fig. 1& 2 g AF2¥ Simulated Moving Bed lab-unite} SMB system
o] ARELS ekl ACF tubinge 1/16'= 0.25mm ID, 1mm IDS
ARZ3FAT}. SMB2| schematic diagrame Fig. 20 YFERIS ). Smulated
Moving Bed chromatographyoll4] check valvez &5 WS Z2H™3H3
37, extractoll A metering valve, raffinateol] A<= pumpe} reief vavez
s =dsknh

2295 23l batch chromatographyE AFS3191.2.™, batch chromatography
= HPLC ZH¥, pump, varian 2550 variable UV-detector, injector, data
module 2 pcE FAH] itk B4 AL Kromasl® &2 =78t
W7 046cm, 25cme| HPLC A H S A1835}59H. Injectore] sample
loop= 5 IOt}

2-3. AEH

SMB Chromatography 2 &ellA 58t 22 3 =H0[H port 9]
2 sloll MAR10| raffinate 2 extractoll 2| F3F0|] YHs|orsitt. 8
)2 FlaH A PLCo multi-position vaveR| switching timeS 123l
port switching timeS =313 extracte] metering valve = 2|3
S Q8. Zone IS S8t 7} extract2 LA ste] 7]
£ wiwA check valve?| O|M o R-E ZALSI T} FeedS U3+ port
7} 1 cycled] At 3 recycle 3171 A12FsF3i T}, Raffinates} extractel] A
FrS Tdsl 1587 Mot Auh SMB system0| $HdaHA| obE s}
H 0o|F reffinate, extract®: 418 HPLCE &41313it).
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Fig. 2. Schematic diagram of a Simulated Moving Bed(SM B) unit.

T XA Kromasi® CHEF ibuprofen racematel] 52832 SMB lab-
unitol] X8 20| 15cme| ZH g/l thahA] baich typee. = A3 &
2} 29| Henry A4=(H,)¢} bed porosity(e)E 7-3to] Table 101 LFE}
WAct.

e

E=7, @
_:_5_|§Ri_t0 (2)
Yl-e

Bed porosity(e)s A F3elx] ok 72 tet-butyl methyl ether
< colummell FYH3ted AFAL (& SHsY Feled, Qe of
SHe| £%, ve 9 FHe R0l ty= AFALCE 191 ¥
9| ibuprofen racemates: FYUIS W el ARNA Dozl HHF
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Multi-position valve

Pump
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Table 1. Henry constants obtained from batch chromatography experiments

Column to(min) € Hg Ha
1 1513 0.599 203 333
2 1.623 0.643 249 4.09
3 1505 0.596 200 328
4 1642 0.651 264 4.36
5 1633 0.647 262 431
6 1635 0.648 267 437
7 1.650 0.654 272 4.49
8 1642 0.651 2.75 450
Average 1.605 0.636 249 4.09

o2 Sibuprofene] A|FAIZ+- 3.876 min, R-ibuprofen2| X1FA17+
< 5336mingl AoZE el

3-2. SMB chroamtographyell<12| Ibuprofen £2|

A3 2 339l 79 triangle theorys 0|83 5= 22|18 $18t VB
of &4 =7 38 4 Aot 2¥A T AA=Z ibuprofene] 52 HH
£ v]XE0o|=E complete separation zoned| B ™ =8 mass transfer
resstance$} diffusivitys 3223k &S equilibrium theoryoll <718k
triangle theory2| A=A 2 1z vl 2 &l H-E A28t
= complete separation regiong #|A|8FA] Zghc}. 221 triangle theory
oA doj complete separationS Y8t Ea|EAS A EE=HES
A7) 918t guide-linee.2 AF2 4= AT 12, 13]. Triangle theoryoll A=
complete separation region?] &S {8l M mE ol 20| =9
L=

Qt'—Ve 3

M= V(1=e)

Ha[7} dojik= zone 119} zone lolA &3 =78 Fig. 30419k 7+
0| m,, m; planette] Yo w AT 4 glom vhat 22 AAxY
i 2217} He ZAE 7 5 ATH14].

HA<m1<oo
Hg<m,<Hp
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Fig. 3. Separation zone for thelinear casein the m,, m; plane. H,=4.09,
Hg=2.49.
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Fig. 3& batch chromatographyollA] 78t ibuprofene] A8 &2 3y
A& 7122 3] feed’} T8 W2 TEQ1 ol 8t complete
separation0| Yojvh= triangle @& YERAZ Qi) Leju A4 &4
o| 7% 20| v Ao|= =2, 0]} 72 triangle theoryoll Al =&
H oA =L BA A M= 228 8 FaAARE AR 2
T g 70|}, Fig. 304 YR 213 20| m,, my plane 471412
do oz Vs 4 9t} Rafinae, extractoll A 100% £2|71 dojvk=
complete separation region, raffinatedl|~] MLz oz Z22l0| o5t B
A=2T0| 100%°] =22 D& 3= raffinate pure region, extractel]
Al F2E0| Al A2 ATS 100%2] =2 IS 4 = extract pure
region, raffinate} extractol] A 100%0|ste| === &2&| ¥+ no pure
outlet region®.2 W= = IH15].

Henry &3 B3 4& 71E2R 3lo] 82 my, mye= 2217F dojube
zone 11, zone Il1914 Q] -3} switching timeoll CHEF Z=ATHS & &
1o ©A] triangle theoryell A zone I, zone IVe] 3 WS &
<= 9o}, Simulated Moving Bed chromatography+= solvent, extract, feed,
raffinate 33 switching time 52| thA< 3X<l o[f2 AF=A
Ay g2 HEP 2o oal 8 complete separation zone(Fig. 33+X)
Qolo] x4 zone 119} zone 1112 AE8E 533} switching time2
H3lal 0|8 7|22 319 recyde f-390 12 ¢ H3E ZASIATH
8|3 zone 19142 38 M3l 0|8 71%E 3] switching time,
reffinate, feed -3 H3}o] w2 & =AFSI T Simulated Moving
Bed chromatography°ll 4] ibuprofen racemateS 223 wj Mrfzlo =z
20| 2kgt S-ibuprofend| raffinate®, R-ibuprofen0| extract® 119
Al Hrt.

o (o

(o3

3-3. Recycle f3ol W& = H3}

%27] A4 =48 m,, m, plane®] complete separation zone(Fig. 3)2]
8t pointe] melA zone el el #3%F QB T-3HH switching timeS
A 4 Utk melA zone HIGIMS] 3 Q) feed2] 3 Q=5 T
F 4= Q). 7+ zonedllA12| OlS4te| baances B3 2ot
Q;=Qw*Qs

s}slash A|39H #l6E 20014 12¢

ol

75
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Fig. 4. Purity of the raffinate, extract with recycle flow. feed conc. 0.05
o/ml, feed flow 0.04 ml/min, raffinate flow 0.24 ml/min, switch-
ing time 10 min.

Qi = Qv+ Qs— Qg
Qi = Qv+ Qs— Qe+ Qr
Qra = Qi—Quy ()

Yz AEEAL my, my planedlA T 4 glom X MeRio|
FoRE g 9oz MaH "ot $A raffinate ==& zone Vol
S 7Hs) okt S v#fdte] solvente| {7 QE T3HH zone
11412 flowst extractell A 2] & BT <= Sirt. Simulated Moving
Bed Chromatography°llA] solvent, extract, feed, raffinate2| <)% %=
7} zonedl| ZE2= W {7S st A ZAS Folot st} =
sl zonedl| Al W -3t @)% 3 F 2N, reffinate T extract
9| @3} solvent BE= feed] -7 olof 7t zoneelAe] SF of
gt Ax89 588 & 4 vl 2322 SMB systemell4] recycle
S WH3AA zone 19142 F3S AM3IAT} Feede] 552 509/
(50,000 ppm)= solvent 0.64 ml/min, extract 0.44 mi/min, feed 0.04 mi/
min, raffinate 0.24 ml/minZ 2|5 F-3-S ™A -F-A 58] switching
timeS 10min®.2 ™33 recycdeS 0.08 mi/minell A 0.28 ml/min7}
2] 0.04 mi/min] W3 AL W raffinate®} extractell 49| ==& Fig. 4
o] JehSTt.

Fig. 49114 recycled] 0.08 mi/min¥ ) raffinate 69.41%, extract 66.80%
o] ==& H0|H recycle?] #HS S7HIZLTE reffinates} extractel
Tt B WolAE 218 & 4 Stk 28 EE 2 (6)ol4] YER A
2™ Zone 191412] F-3-& 0.72 ml/min. & M3}l solvente} feede|
0| 068 mi/ming 7]& =702 3o 0|F BE A HB3IATt.

Q; = Qre+ Qg =0.72 ml/min

Qs+ Qf = Qg+ Qgy = 0.68 ml/min (6)

3-4. Switching timel] W& == W3}

Zone 12| &% 0.72ml/min, feed®| &% 50g/l, feed 0.02 mi/min,
raffinate 0.24 ml/mino| 4] switching timeS H3IAI S w reffinate 2
extracte| ==& ZARSH] Fig. 59 YeR Tt Switching timeO| 12 min
Ot M= reffinatel ] o8l Fa % & 4= gll=H], 0[712 ZyuY
ol A, BERS FF59 A0IZ Q1§ £x = 2l 2|7} Hrizte
reffinatecl] =2%]7] Aol port switchingd| ¥oju} A, B A£0| extract
2 197 w0l AztEh
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Fig. 5. Purity of the raffinate, extract with switching time. feed conc.
0.05 g/ml, feed flow 0.02 ml/min, raffinate flow 0.24 ml/min.

Switching time0| 125mind = raffinatedl| Al 94.58%2] =& T8
ZIAA] 9 extrage A= 57.40%2] purity= K.91t}. Switching timed| 13min
d o raffinate S-ibuprofen 85.94%, extract R-ibuprofen 65.56%2| =
£ 7K 13 min0| Aol A= switching timed| 7185 extracte] <=
Tt Aadske AL B 4 Stk Raffinaetio] 2 £E8 /R =
72 m,, my planedte| trianglel] Z-sletol] 3d-sl= raffinate pure
regio0|2}aL A€},

3-5. Raffinate -3l W2 purity H3}

Feede| 5= 50 g/, zone 191412 F-3< 0.72 ml/min, switching time
13 min, feed % 0.2 mi/mirel| A raffinatel] 32 WH3}AZ T}, Fig. 6
o<l 20| reffinael] 30| 020mi/mind o) <=3 98.12%0[H raffinete
30| 718 v ashs 43S Hol= T extracte] %
= =718 0.24 mi/fmin, 0.28 mi/minoll A 65.56%, 65.79%= 0.28 ml/
min O[AF & 79 thA] 7+48It}. Switching timeS 277 LS W<}
reffinate §-32 F7MAZ2S 1 raffinates} extracte] <%= W3} 79|
H|8t 7852 Ho[H AAZ 0] A =AE m,, my plane &ollA 1}
Bl S A tidido g $40= 28 & F At 0|71 zone |
olxel flowE THAI7|L recycle flowE Z7M17] 71} switching time
< 594 HAF R ) ANERE Y F Ut

100

—e— Raffinate
—v Extract

90 +

80 +

70 +

Purity (%)

60 -

50

-

T T T T T

0.16 0.20 0.24 0.28 0.32
Raffinate flow (ml/min)

Fig. 6. Purity of the raffinate, extract with raffinate flow rate. feed conc.
0.05 g/ml, feed flow 0.2 ml/min, switching time 13 min.
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.0;0 045
Feed flow rate (mi/min)
Fig. 7. Purity of theraffiante, extract with feed flow rate. feed conc. 0.05g/

ml, raffinate flow 0.24 ml/min, switching time 13 min.

3-6. Feed flow rate®} concentrationell wZ purity H3}

Feede| 5= 50g/, zone 1914]2] -3 0.72 mi/min, switching time 13 min,
reffinate flow 0.24 ml/minel| 4] feede| f-%-2 WSIAIFAT). Feed £%-S
0.01-0.04 mi/min®.& Z7MZS v raffinatel| purity= 95.01%14 3
2} 7Hashe AL Fg. 7004 £ 4= ). B8 feedo| 5-20] 0.03 ml/min
o o reffinates} extracte] == 61.76%, 61.85%60|™ T8t 0.04 ml/
minell A 63.45%, 64.34%= AQ| HlzEAl= S & F Ao A
7] AE L feede| FEZE 50 g/lolA 3kt raffinate?to] =& <=
TE 7HKE =TS FS F AT

Feed 5% 50g/lolAel A3 =AES HA= raffinate pure region}
no pure outlet regions CHZH o= AUl - & F AL m,
m, planes Fig. 8ol YFERH AT, Fig. 80ll4 YERARO0| 7158t complete
separation region0| triangle theoryoll A o =8t o) H]g] Algs] =
2 FGASS & S Uk O|FA feedo] FE7t S AL vAY &
HYPLRE 13t my, my, planete] 22|=E HA0| FEA R
ehdst 22| =S 27|7F o Xt

I8 B2 rffinated} extracte] =) H<=5t 919 =71, zone 194
9| -#-& 0.72 ml/min, switching time 13 min, raffinate flow 0.24 ml/min,
feed flow7} 0.04 mi/mindl =7 A feed?] F=2 50g/°14 109l
(10,000 ppm) = WAL We| == raffinate 63.45%, extract 64.34%1
A reffinate 98.11%, extract 80.94%= Eo1X&= A& & 4= 310e™ Fg.9

@ Switching time
& Feedflow
A Raffinate flow B} °
5 Triangle theory ©ll €] 3t complete
separation region
A
4 -
©
£
3 9
D 4
.
PR
N ® Possible complete separation
2 region
L]
A
1 T T T T
1 2 3 4 5 6

Fig. 8. Operation point of the experimental runsin the m,, my plane.
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Fig. 9. Analytical chromatogram for sample collected. feed conc. 0.01 g/ml, feed flow 0.04 ml/min, raffinate flow 0.24 ml/min, switching time 13 min. a:

raffinate, b: extract.

Table 2. Operating condition and purity(feed conc.: 10 g/l)

Table 3. Operating condition and purity(feed conc.: 50 g/l)

Q Qe Qr  Switchingtime Purity(%) Q Qe Qz  Switchingtime Purity(%0)
(mli/min)  (ml/min)  (ml/min) (min) Raffinate  Extract (ml/min)  (ml/min)  (ml/min) (min) Raffinate  Extract
0.72 0.04 0.24 13 98.112 80.94 0.72 0.02 0.24 125 94.58 57.40
0.72 0.04 0.32 13 619 72.96 0.72 0.02 0.20 13 98.12 58.51
0.72 0.02 0.28 13 100 7102 0.72 0.01 0.24 13 95.01 55.73

o] 2 =749l chromatogramg YERN AT, Extracte] =& %017]
238 raffinate flowE 0.32 ml/minZ F7MA A& W raffinate 61.9%,
extract 72.96%% 23] &7t oAl RS & F At Feed £F
S 02ml/minZ Y33 raffinate 0.28 mi/mindl Z=A A raffinate
100%, extract 71.02%= =78t S-ibuprofens 4L < USUtt. Feede|
FE7T 10912 =AM AHES Table2o] YeRNAH.

SMB chromatography®| 73-$- 53] feed®] & 5 E A €] 8t triangle
methode SMB2| &4 ZEAS T3t guideline® 24 F-&31A %+
ALl v oz Q&) A B2l = =&F2 BUFssith dollAe
Aol Ao} 20| B2 AFel Qs 2H=H =F0| 3 =M 0]
A A4 B2 =83 40| s "ok wEbA simulations WE

=
sof A=A S =F5h= 20| §8F R A7
44 £

Simulated Moving Bed(SMB) chromatography= A2 T2 §2H5S
TR 71 sgEe AKEdlel w9 A3t F-oIM 53] enan
tiomersS Z318t Y 515 AlFe| AHHE =el 22l AF st 7
O|t}. Enantiomers?| £2|E #13 8712 column®=Z 0]Foixl A
52| HPLC-Simulated Moving Bed A28 Ax]31913. Kromasi|®=
29 AHOE enantiomers?] ibuprofen 2| A& kit

Ibuprofen racemate feed 50 g/l2] 521 7%l zone 12| -F% Q=0.72
mi/mincll 4] switching time, reffinate, feed f-3ol WHslo] W& Fx9f
738/3& ATt o|A A o= NE ME 2 F e 739, eqilibrium

o= Tw A

2

theoryoll =718t triangle theory:= m,, m, plane&e| complete separation
zoneoll A &4 Z=AQ| guidelines & 4 Utk ¥t} 0] guidelineS O]
23] 2F319.2H ibuprofen racemate feed 50 gl2] 5= T raffinate
70| =2 58 H0|E =78 Tale3ol YR O] =72 m,, my
planedte] triangle?| = sletol sl Fsh= raffinate pure region0| 2}
3L Az

Q,=0.72 ml/min, Qz=0.04 ml/min, Qr,=0.24 ml/min, switching time=13 min
9| =714 ibuprofen racemate feed?| F=E 50 g/lollA 10g1Z2 T

s}slash A|39H #l6E 20014 12¢

£ WS 0 raffinate?} extractellMe] o= 7t 63.46%, 64.34%
oA 98.11%, 80.95%= 57F51%1 2 feed 0.02ml/min, raffinate 0.28 mi/
min2 ) raffinate 100%, extract 71.02% <==2| <478t S-ibuprofens
AE F AR 2B B2 fead| T} 50g/12] - Al2HQ] H]O[AM]
o= QI3 my, my plane&e| complete separation zoneS 3t= A
E7Fss3laL feed?] 57 109/l s 72 0|3} S wE FER
=212 zlolzt o &kdr.

[e5

fo

A

B ATE Be)srel AskelRd J1eallel dao R 3
A%

*

AB71E
H; : Henry constant of component i
Q : flow rate in zone j
ty : residence time
ta : retention time
t* : switching time
\% : volume of single column
€ . bed porosity
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