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ghAln] e 2l f3 WHeR: AEvtE 1y [5,6], d43H7,8],
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trans—  formation[10]&°] Qo™  HZol w&  o]&3  affinity
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== A8, 3gEHY 27HA oA dEHE EE e AT U=
g A7 A& SeltH16].
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AeF AEvtE T processE AASHE E=TEX 1961 UOPAA
inlet #} outlet 2412l F7]24]q1 Wgtel 2o AHs Ads F3l A
of whal Aol AWFO R o]Fdh= processol whail SsEs wAT
[24,25]. o]2f3t SMB AzZrtETe9]= 1960t Zrkell A 7318k oA
para—xylened} FF<& Est7] 913 F2AHANA ol&Hl o, AF A
oA A Eregs triE ZYstr] fl&) A o® diit R SMB 7l&E
o] &&HUTH A&t A =E+= w5 UOPAFE 100 Sorbex &A17F 9o
o, Y-A=tolEE FRAAR oo A-UFH A= 2 HE para—xylene
= AP AR 100,000 rEE FEEshr] flste] Ad8shE dTH26,27].

o 109 &< SMB ARvtEIHIE o] &3 ookE At Fokeld A
o Hg Bled o2l SMB AzutE I H IV 243749 el gdst
FHe HolWA FH9 Al FetEe HEE ARRHR oJokE
chiral 3}H& Felo 52 o] §¥7] Al&slth. ol gt 247 w2 ellA
HEe date ARy i) s adela gads]) F2A17]7]
wolth. SMBx= HAF 2719 9 (FF I3 23 do o A==
g olgd Mz e %

&2 7IdE & Uvh E=F Nicoud ol ¢Jshd 848 SMB A=RvtE 725
S o] 83t chiral 3FES 100-1000g/Kg CSP day? &=z Aared 4
wew, 718 ARvtEID I o Hleto] e §uMidd avE de T
At ®EsH SMB ARvtEIHY = AP FEEFE dZF 100,000 W
o] Af3el FE7HA vekstA A8
ol 7Hxe 712 FEFAAA 2d79 w28 o] ketoprofen
[(R,S} —2—(3'=ben— zylphenyl propionic acid] & H|AE|Zo]|= AE] A
T % 2AA (NSAID) 2A A epAln] EdE=2A AREH L vk o] 9]¢k
T FrtE S, #4959 AU AR oY 7HA 8] Amofe R
g2l ol&¥Ha 3ok a2y Ketoprofeno] A gefo®  ARgE  wjo
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(b) & T

Fig.1.(a) A single chromatographic column and its zoological
metaphor; the sluggish turtle and the more—retained species
A (turtle) travel more slowly than the swift cat and the
less—retained species B (cat). (b) The continuous
turtle—cat separator. The velocity of the moving belt is
opposite and intermediate to the that of the cat and the

turtle.



J, Feed

Fluid
e kb2 ST N
Solid

i Extract Raffinate ¢

Fig. 2. The continuous countercurrent chromatographic column
(the chromatographic metaphor of the turtle—cat separator of
Fig.1(a). A stream of clean, solid particles flows counter
currently to the fluid phase. The mixture of A and B to be
separated is fed to the middle of the column and the two

components are collected pure at the two withdrawal ports.



Fluid

Solid
= A = =
Fane Zone Fone Zone
1 2 3 4
Desorbent Extract Feed Raffinate
o= A+S A+B B+S

Fig. 3. A four—zone

comprises a continuous a counter current chromatographic column
and plays a specific role in the separation of A and B. This is
accomplished in zone 2 and 3, whereas zone 1 regenerates the
solid phase and zone 4 cleans up the solvent; in both cases before

recycling. The more—retained species A and the

species B are

respectively.

collected in

the extract

true moving—bed (TMB)

unit.

and raffinate

Each zone

less—retained



F2o] okt ¥ Biz F% o154 @ $3 0% olFatel zone M
sdch aeEe Bk Lol 9o zonell, Mo)a zone 1 & A4
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A7V g E WA e Gufjo] oE A go] o] FolA A "t o]g} o] 2zt
zoneol| WE It} o] Fdeol Al FEA Aol el wE7F Lol 7
= AAlstA B3],

Fig.4+= &9 FAZ <2l 12—column SMBAA|E HAFSF o SMBA Z vk
B AAR 244 E52 ¢lal switching valve (multi—potion
valve)oll o8l o]FAe]l o]t WFoR A7t portE AHAIRLE
(witching time) vttt 20 7] ngd a5 o &miel &7 5=
EA "ok 97IA AZRE o] 54 extract 5 Aol 992 zone 1E
A A FEEo] 733l extract7f B&EE 7o 2 olu mFAre]l A
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SMBE ARg-ate] 7AD&= 3t (Fig. 5).

b4

Fone IV ; - kegation af Lono ||

| : For Ewitctdn
© - Al extract)
Do U Ll

RafTinate B+ | ALH Eeed

Zonae 1

Fig. 4. Four—zone SMB chromatography; Zonel : between eluent
line and extract line, Zonell : between extract line and feed line,
Zonelll : between feed line and raffinate line, ZonelV : between

raffinate line and eluent line.
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Batch

Cloncenirainon
40
b m.l
Dhstnnce in flow dircction
Fig. 5. Binary component process

chromatographic separation in (a) a batch (or

"elution" or ‘"pulse") mode and in (b) a

simulated moving bed mode.
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SMBAA] xRl 9] FQ st oul= 77+ &% = recycling, feed, eluent,
extract, raffinate, 718]3 14739 7 £3IEHEE AT H2 HIE 2z

55 7] A8l Azsior & A WA ofolrolE 7] S
A 53] v olAdEAMAY HY FFERTAS Ay Holop Fit

ol 1AM & (C g/he A $=(C g/t A3 A slrk= A

C.- K, C, (1)

Cp= Ky Cy (2)

A7} extracto] 1L B7} raffinateet 7Fgetd K .» K,

G519l PAL oulAel 2: SEutEolve] 289 shaA HE
o}
b= T, (1+- 5 K (3)
teg= T, (14 € K,) (4)

L £ ¥ + zero—retention time ©]t}.

o

F52 SMBe| %A vlE AXE A gorm g ofgfo] WA uzl HM3E7
Aol WA 7HA < TMB(True Moving Bed) & #7138 Hloksit},
TMBolA o] &5/<% 247 t& Zoneoll A Y /% =3 2},
Gy G Gy (5)
Gy Gy Gy, (6)

- 12 -



Q= Gyt By (7)
Q= Q= Wy (8)
Fig.6oll ®elutel o] System W A% i7b A4S ofdlz Ee7te &5

B.=F [F {1 The net flux of § is downward 9)
B.=F [F > 1 The net flux of § s upward
(10)
TMB X+ SMBelA 7} zone 19 7le=s 71 Aok A& Ae
raffinateol|A] =3t AiHE<2 BE 3|457] 98l zone MHIANA 117873l &
zto]l #% zone IIo|A &&= o] extract® =F8tA w4 il
zone IIIofA o] Hty AypHoR vz Q77 thddt 3504 4%
o] €t}

o
i
os)
i

At Zone 1 A is moved up, therefore &,/MK .»1
At Zone II B is moved up, therefore &}, /MK ;»1
At Zone III A is moved down, therefore &J,,/ MK .1

At Zone IV B is moved down, therefore &,/ MK {1

Where, Q: flow rate of mobile phase, M: flow rate of stationary phase
K: equilibrium constant, A: extract, B: raffinate

W37} 22 safety factor ol 9& w5y o] Aoy 7Fdshd (8>1)

I Gy Gur / & /
MK, % MK, “Ff mK, "V mk, "V

r]n

(11

SMB A ZvlE 33 7} Zoned FFH2 (12) ~ (15)2)°l 2o& o}

- 13 -



9} ol g},

Solid

Fig. 6 Principle of SMB chromatography (A:
extract; B: Raffinate; A+B: Mixture).
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M- K, B
QM= e M T,
Qo= M (K y—Kg) B
Q= M- (BT

(15)

waba], FolA feed flow—rate 9F B8 kol 93] system
A faA] A= FoA 7

=

recycle flow—rates® ¥ & At}

(12)

(13)

(14)

S 2E TMBY

A3t # = =12 JHo|t}h SHA|IRE A AEIS] FPAS Eol7] 93
M dubdg oz oF 1.02 T 1.05 #HE Eole= Aol =Y. g
numerical simulation®l] &3 AdEEojx]w  (12) ~ (15 2] wat B3k

&% WEdo} she Aoke 27 Bk,
Tt K
1cga— %5 —
Tt K
(16)

SMBel M= LA EFL injectiond} FEERIES] UdA7I|ZHe] WHo=w B
A "o TMBOIAM Q) solid flow—rateo] &E3tE 22 SMBoA 9]
swithing Time (AT) %} ti-gstA Er} o]= ol o] 17|71 Hrt

a1 OV (v gy e (a7
TMBO] %ol dldsts AS SMBO Ao Aileles AL o= #Zon
ol obdl WA okl & gtk o] WHAS WA A HE:
Bapriers olvloly.
(et suwn = (&gec) Tum T T—E M k=100 or IV (18)

- 15 -



T3l Van deemter 202 HE o]& o Fo]E A 4= glow, 7} ZH

=
A ks RSk Kozeny Ao fisojd o glow vt g

Y=+ =—2L —  a=Adp , b=Bd’, A=273 (19)
-dlrp=.r'1.L ﬂl:fi -{J;E]:-p-u (20)

where, L: column length, hx: Kozeny constant =4.5, dp: particle
diameter

¢ viscosity, u: superficial velocity
Aoz FojZ feed flow—rate Hi= BIHCZHFEH TE F
switching times WO 2HE F22 & v 1=y, ols dAYES
Y s252d W fFasite Algo] o, BAdd AlAEgA = o
2 S5k A b A ok

b
]
i)
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1. A@AX] 2 =

. B8 2SS o] &% IR AE

Ketoprofen racamateZ%E S—form® enantiomers #23}7] 93 =4
= THsH] fste] 48 HPLC AAELS ARE-skQlth oluf AFEH 48
HPLC Al2~"le fujo]4H 3 (M—-930, Younglin, Korea) 8 7 Z=7] (Model
M720, Young lin, Korea) & AF&3tqich. ZHHE 10me 272 A7t
0,0 ‘—bis (4—tert— buylbenzoyl) —N,N'—diallyl—L—tartar diamid’} 2%t
H aggo]l Fx ol 9l Kromasil CHI-II(250 mn X 4.6 mm, Eka Noble,
Sweden)& Abgstlow, 2o 225 dAHsHA FAAA F7] {1 Z4E
3] H (Model CH—30 column heater, Eppendorf, U.S.A) ulf-ol AX]s}3
ot 18]a1 PCel Autochro—Win software(Young lin, Korea) & A *]3}o
AzvtEIds AR AR FU2 AR F9) AA (Model 77251
Rheodyne, U.S.A)°ll Z+7] 20 w9 sample loopE X3t & HPLCE Ad
A (Model 80765, Hamilton, U.S.A) & AH&3to] A& FY3ktt.

AleF2- HPLCH tert—Buthyl methyl ether(99.8 %, HPLC grade,
Aldrich, U.S.A), hexane(95 %, n—hexane, J.T. Baker, U.S.A), acetic
acid (5w A%, &43teh) & AgeFl e, ketoprofen hAlm] E9& =4

AleFo 2 HE] S—from¥} R—from®] 50:500.2 &35 Aejz 3o AFE-3}

4
30
|o
£
O

It
i
=
u
w
=
o)
H
U
=
i
&
£
H

l

N

2
ol
N
o
ot
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3.2. SMB #3219 74

3.21.38%

SMB gAeli= % 5dle] HPLCE Ia27b AREET(Fig.7). Feed,
eluent, extract ¥ raffinate HZ&= @ =2 7224 0.001ml/minel A
10ml/min7kA] F& ZHo] 7beshd, Ho ¥ 6000psiZtA #F4&
ATt 53] U =8-S Y recycle pumpi OHE HEZ SO W] FF &

w7 23 WEo] Hojof Smz 2749 ATE 4% WLE ALGIAT

3.2.2. 1

@D 12—way multi position valve

SMBEA &= d%2Q 552 7|2o® 37| wiEo ol¢ £ a3s e

9 g Sl WEE ARR ok dtrh whebA Ao AREE SMB A= A5A

l 585 AYNE YEREE 12—way multi position valveE A3} 01,
Ms 2471 470, 670, 1282 AREE & SIES 1%

Aok (Fig. 8(A)). 12—way valve?] ZHE2 Ao]7]E PCeol AA3ste], L7g3st

AP A SR 4709 12—way valveZt S A0 2} Zd o] A4 % portl

AAEEE st ow, Z+ 12-way valveEa 7Z}7] XA feed, eluent,

extract ¥ raffinate FZo] AZAEo] A5 4 Fod 50| dHF40=

T EE =S sk H(Fig. 8(B)).

@ Pressure relief valve

SMB7}F ZE5W, Yol A recycle pumpel 23 Wi <3k 5o £A5}

A e, o] Wil AVl gEHS st $18e] extract, raffinate

pump? outlet ¥&° pressure relief valveE & slo], UF &%kl 23|

S AR ¥, extract®} raffinate pump®] FE 2o ol Ant &

=
¥ AEsol MEHEE AP (Fig. 9).

2
i

- 18 -



Fig. 7. HPLC pump used In SMB

chromatography.
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==

Shde vl Framlal view

(A) B)
Fig. 8. (A): Inner shape of 12—way multi position valve;
(B): 12—way multi position valve attached in SMB

chromatography.
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Fig. 9. Pressure relief valves at extract and

raffinate port.
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3.2.3. Z¥4

SMB AZvlE 183 Ao Ag® ZHe Z= 6o, dFL 6719
manifoldel] &sto] ZH 3} 27 Alole] feed, extract, raffnate ¥ eluent”}
FHEE 7 JdEs YUY 29 A2 10mm, ol 100mmo]

=
o AN BAE g FTHAE Ay FAdI uHAA0m, CHI-II,

[EI;
>
it}
AC)
ofje
2
ok
=

o5ty I EH X (Slurry packer,

Alltech, USA) 2 6000psiclA Z&lel T2 5 Ag el ARE-3F3lt.

kromasil, Sweden

3.2.4. 7]€

YR ZHE A5 QFH+= recycle path wayel $1A3F 6—way valve©l
10009 sample loopE E3to] A|m7l BT 2 8t & 9 Fo|x] FALY)
£ o] &3t F7IE FUANA AEE WHEAN T AFHT 7 UAEF FA s

t}(Fig. 10). 2& w2 1/16 SUS HH=EH 242 1/16 (1.6mm), W7

2 0.020 (0.5mm) ¢! type 316 SUS tube’} AFEHUTE ZEE SMB 44
Aol 9AEte, ofa ™ AolA Rl F& FASEE FE ] wjH
of 2exd AAE FFste] A cFHor 2RE FASES St
(Fig. 11). =3k, SMB A=zvtEHT FX 2 A FEso] digh AMFS

Table 1 “&a3Art.
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Fig. 10. 6—way injection valve for sampling.
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Fig. 11. Heating fan for maintaining column

temperature.
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Table 1. The list of SMB chromatography compartments.

Part Unit Specification Aim
Young Lin 925,
Feed pump 1 0.001-10m!l/min.(6000psi), supplying feed
mono—head
Young Lin 925, SupDplvine new
Eluent pump 1 0.001—10ml/min.(6000psi), PPLyINS
solvent
mono—head
Young Lin 925,
Extract pump 1 0.001—-10ml/min.(6000psi), discharge extract
mono—head
. Young Lin 925, .
Raffinate 1 0.001-10ml/min.(6000ps), ~ C.scharee
pump raffinate
mono—head
Young Lin 930D, recycling inner
Recycle pump 1 0.001=16ml/min.(6000psi), yems
. mass flow
twin—head
Multi—position 4 Valco, 12wqy, Electric change path way
valve driving
control
Computer 1 Notobook multiposition
valve
Back pressure 9 Swagelok, relief valve, :Ielimctl?;n
regulator 2250—3000psi yeuns
pressure drop
HPLC column 6 Alltech, 10X 100mm, 6000pst  packing CSP
3—way valve 4 1/16 change path way
6—way valve 1 Rheodyne, injection kit sampling
6—Way 6 Valco, 1/8 connect
manifold compartment
Thermometer 1 Maintain
temperature
Heater 1 500W heating
Tubing 1/16 SUS
Ferrel Valve, corn type
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V. A4y 4 32z
4.1. T4 & ZHE o] &3t 374 AF
1G] ot ketoprofen enantiomer 3Fe IS HES A EHE

Zels ARgete] ZF sEREE 2018 AEE FYste] £4E 37
TSR Ao AFEH o] F A FAS hexane¥ tert—butyl methyl
ether (HPLC garde) o]l olMEANS 4% H7lste] pHE AHd #9712 74
3} 0™ haxaned tert—butyl methyl ether® F3H]E 100:04 40:60
7HA AR Z T, o] el A ellA] tert—butyl methyl ether®] F-3]H|7}
Z7VEE A FA o] FAEFA oW tert—butyl methyl ether?} 60% (v/v)
ol Fel A, FElETt st 7 Aol edsHAl EHE A kskth whet
&N

A, vlwA AMErel Hgso|l st ZHOS=E  haxaned tert—butyl

1
>
uieu)
o

methyl ether?] Bl &2 60:4002 AAsIR o, oju pH ZEAZMA oFA
EAE 0.1%(v/v) F7bstsith oW, Zdel ¥y= 4.2ml, =82 0.6,
olF e H4E Iml/min® A F3sHSTH

AN s W IZvE RS Fig. 129 JEdow, A g9 FE7}
ThEFE ARntE g 93] WAe] Hatr F7HHE B AR9

g gdolol 9eg BolFE Zolv], o] A ;A AR AR

Atk(Fig. 13). olmf HAle @8] e vehd 52 FH=io]l ¥4
7oA Blolu= WAdd Ass FALA

Holi= vhgh o] 1, 2, Smg/mle] AR FEeA= A Aio] dA sk
&S 2o}, 10mg/ml o448 FEolAE BIAE A%o] Haw e

Holi it wpebAM, Hlad T25F Al ol st AR s 1L
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oA SMB A EWE L

Nd

aF3l o,

t= 273

to] feed? &% Z7H2 5mg/ml ©]3

1] 915
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Fig. 12. The overlapped chromatograms with various
concentrations; 1 : 0.5mg/ml, 2 : 1mg/ml, 3 : 5mg/ml, 4 :
10mg/ml, 5 : 20mg/ml, 6 : 50mg/ml; flow rate=1ml/min.,
sample loading amount=20pl, temperature=407T, mobile
phase =HXN/t—BME/acetic acid=60/40/0.1,

wavelength=254nm.
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Table 2. Obtained values from batch chromatography experiment.

Parameter Values
Density of packing material 2.2g/ml
Particle diameter 10xm
Column volume 4.2ml
Void fraction of column 0.6
Retention times ts=8.3min, tr=9.6min, to=2.5min

from Eq. (18) & (19)

Initial slope of adsorption isotherm _ S
K. =3.5, K ;=4.3

Viscosity of mobile phase 0.2¢cP
Theoretical plate number Ns=1722, Ng=2304
Superficial velocity 6.02cm/sec
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4.2. SMB f+% AAt

4.2.1. TMBZHFE e 2R % F&5A4

SMB A =ZwtE 7183+ TMB(true moving bed) IAZvlEIHIZHEH
dEgleornz, 3@ A8 BIATEEH 1449 oleEEE AT F,
o]Z SMB AZvFETIHIY recycling F507 M= WS FH)
At F9Y ABQ feed? FEE Img/mlE AAT F feed? 5
0.2ml/min, safety factor(B)%E 1.05= 743t & Eq'n (12)%F¥ (15
ARgste], TMB AZvtE e v 1g4de] o555l M3 SMB 2o 3
Q3 g HEE AAtstglorm o] & Table 39 Ydstith

4.2.2. Triangle theory®l 23 SMB A Z2vlE1#H3 & HY

oA AFsE wiel o] = FAACEFE AAtEX vt Eo
SMB AzRviE 1S FAAor 2a817] 913 jlfldd 255 7]Eo
T )% triagle theoryell &3t AT FASATH30]. o] A2 F23 &3

| dojub= zone 119k zone IIIOA B ol whE 843} o33t

2

O

o HE&wel 2A% £ Aotk ol SMB 24 sebvlE me w439 ol
Fa o] et A4 054 SEu = FolHrhEdn (21).
_J
m,m AT = Ve 21)

d il &)
Where, Q : recycle flow rate, 47T : switching time,

V : column volume, e: void faction, j: zone number.

a

oful gl AT WA olky] ANME T L 2AL W

ahojo} #t}.

Ka<m; (in zone D) (22)
Ka<mu<Kp (in zone II) (23)
Ka<mmu<Kg (in zone III) (24)
my<Kg (in zone IV) (25)
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Table 3. Calculated parameters of SMB chromatography.

Parameter Used equation Calculated value
& Assumed 0.200ml/min
M
(Stationary phase flow (12) 0.263ml/min.

rate)

G (13) 1.187ml/min.
&, (14) 0.221ml/min.
s (15) 0.200ml/min.
&y (6) 0.221ml/min.

G (®) 1.582ml/min.

Column length (20) 60cm

AT (17) 2.64min.
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Ao =2 31 3+ S—ketoprofens SMB A ZvlE 13T ZX] oA raffinate
2 wEFHr2, 4748 JAo =53 raffinates 4= F U= Fdo=w
Aesto] mpet mu= 2 3.73% 4.0 AEEe] dds A

Eq'n (21)Z%¥ WBHO switching time< 3.51min% At ow ZHg]
of del= 9¥& iL#fshe, recycling 2 %5 3ml/min.? 2733
oh koA AF3 215 o] 831 raffinated] F%2 0.71ml/min., eluent:

1.0ml/min., 18] 1 extract® 0.49ml/min.E AAFE gl T}

K
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Fig. 14. Separation regimes in the
operating plane by flow ratio in two

center section of SMB.
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4.3. SMB A 2vlE7 3 E 0] &3 ketoprofen racemate? £

4.3.1. SMB AZrtETH Y YF FEEX £4
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Lo HgMv EFES feed® SMB AZvtE T3 FAo F=UsST 9]
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Fig. 15. Valves position and chronogram of

SMB chromatography.
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