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Summary of the Doctoral Dissertation

Liquid chromatography (LC) separation is an important process in the manufacturing of biopharmaceuticals
and functional foods, to meet the high-quality requirements of them. LC separation performance is controlled by
manipulating various parameters. Typical parameters include, for example, flow rate, mobile phase composition,
gradient conditions, separation agent particle size, and column length. One of these parameters is temperature,
which has not been well studied compared to other parameters. There are examples of study evaluating the effect
of temperature in fine separations such as HPLC, mainly focusing on analyzing the adsorption behavior of
samples to the separation agent. However, there are few examples of determining the optimal temperature to
maximize separation performance. Furthermore, there are hardly any studies on the optimization of temperature in
preparative chromatography for manufacturing. Even in actual production processes using preparative LC
operations, there are very few examples of temperature control. Some limited examples include temperature
control in ion exchange LC separation processes of sugars to prevent microbial growth and decrease the viscosity
of mobile phases and sample. However, it is clear that temperature affects substance movement, mobile phases,
and viscosity in LC processes, ultimately impacting separation performance and productivity. Temperature is also
an attractive parameter for several reasons: it is easy to measure, not introducing new compounds into the process,
and reducing the impact of environment by reducing the use of organic solvents. Therefore, considering the
temperature conditions in LC separation, particularly the optimal temperature to maximize productivity, will be
highly useful from an industrial perspective in terms of improving productivity and reducing environmental
impact.

In this study, we used a two-component separation system of polyphenols with an ethanol-water mixture as a
mobile phase and a separation resin based on polystyrene divinylbenzene (PS-DVB) as a stationary phase. The
resin is the stationary phase used in actual functional food production. Using this model separation system, we try
to evaluate the effect of temperature on LC separation and develop the method to determine the optimal
temperature.

Chapter 1 is an introduction, background and objectives of this study and outlined the structure of the paper.

In Chapter 2, we developed a simple evaluation method for assessing the effect of temperature on isocratic LC in
the model system. The values of height equivalent to a theoretical plate (HETP) over a wide temperature range of
15-45°C could be well explained by a single curve plot of dimensionless HETP against dimensionless linear
velocity, indicating a good correlation. We also determined simplified equations for separation factor that includes
temperature-dependent distribution coefficients and molecular diffusion coefficients. Analysis of the changes in
resolution with temperature revealed that there is an optimal temperature for maximizing resolution under certain

LC conditions, but ultimately, resolution gradually decreases with increasing temperature. Additionally, both



separation volume and separation time decrease with increasing temperature, suggesting the economic benefits of
conducting LC at high temperatures.

In Chapter 3, we tried to determine the optimal temperature for LC separation by more complex calculations,
assuming the same conditions as the actual separation conditions. We developed a method to determine the
temperature that maximizes productivity based on experimental data from isocratic LC. Under conditions of
constant mobile phase concentration, we determined temperature dependent distribution coefficients and diffusion
coefficients, and used them to determine resolution and productivity as functions of temperature. Using these
functions, we tried to determine the temperature and flow rate combination that minimizes the time for LC cycle
under constant separation conditions. We were able to determine the combination of temperature and flow rate
that minimizes the cycle time. Furthermore, we attempted to determine the combination of temperature and flow
rate that maximizes the productivity of the LC process. Productivity was defined as the product amount per
column volume, mobile phase volume, and time under isocratic conditions. The optimal temperature was
determined by the calculation. The calculation method was simple and considered useful from an industrial
perspective. By further advancing the calculations, we were able to determine the combination of solvent
composition, temperature, and flow rate that maximizes productivity. The developed calculation method made it
possible to evaluate the effect of not only solvent composition, temperature, and flow rate, but also column length
and particle size of the separation agent on productivity. The ability to comprehensively evaluate the effects of
various parameters that effect the performance of chromatography, including temperature, is considered highly
valuable from an industrial perspective.

In Chapter 4, we summarized the findings obtained from this study as conclusions and discussed future prospects

and challenges.
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* 1 FPERER RO

(Categories of Food for Specified Health Uses (FOSHU, Food for Specified Health Uses))

FOSHU Requires detailed review process with scientific evidence for each application.
Standardized *No requirement of detailed review process for food products meeting the established standards and
FOSHU specifications.

*Must be accompanied by sufficient accumulation of scientific evidence.
+For efficiency: short cut process for products whose safety of use already approved.

Reduction of discase *Requires detailed review process with scientific evidence for each application.
risk FOSHU *Permitted for products whose ingredients are clinically and nutritionally established to reduce any risk of
certain disease (i.e., Calcium for Osteoporosis and Folic acid for neural tube defects).

Qualified FOSHU *Requires a detailed review process with scientific evidence for each application.
*Permitted for products with ingredients showing certain health effects but not reaching the established
standards for FOSHU approval.
Labelled as “Qualified Food for Specified Health Uses.”
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WREHREmBEM O 7o~ b7 7 4 —IC mESEEE LT, KY 72/ —AFTH D catechin,
epigallocatechingallate (EGCG)% €7 MbEW L L, RO 2RI Tz, BEHIIZ 2/ —
NIKDRBEYTH o 7=, DEBRBOEEHO = £ 7 — VIRERFR 2BAEL L L CRiE X, F0BEstF

FCAEEEDIRAL 5 2B (=& 7 — B, FUEAIRTE X hi-[3, 4],

RETIZ, 7<=t 7T77 4 —DEEREICEER MIE T HE 2 HEICHRE T 2 HEOREZ{T- 72,
ETASEER L LT, LRE. PS-DVD HRkOBERIC X 2K ) 7 = 7 — VO EER % W72, BEIE

Bk-Z 2 ) —AZTHY, R LS 25, THHEREE LT, 77 2000 EE LTAL HwbHNT
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W2, HERESEGE X (height equivalent to a theoretical plate, HETP) R UVrBEREE (R) %A L7z, WE®D

B RHEICHEST 2 FEZHRE T L, EELVAMATHL EEZ LN,

2.2 EEUTH L ER

FEEEE I E, BTOER,318H L b D% Hvs, HPLC 2& (UV970 UV-Vis detector, PU980 pump) %
FAv>72,PS-DVB % 3t & 4 2 il (DIAION HP20SS, =% 7 I A A4t8l) % 7 X 7 % —ff 71 7 L (Vantage
diameter de=1.1cm, Millipore, Billerica, MA, USA) OHICTIE L7z, TTAKRY 7=/ =% v Tt
v 7= (MO, USA) O catechin & &1 7 4 v LHEAiZE (Osaka, Japan) @ EGCG TH %, v 7Rk

Ui O ME X %2 X 1 1R T,

OH

OH

resin, Mitsubishi Chemical)

1 FEBucfER L 7-% v 7 (Catechine EGCG). 77 EEiH{E ol i

PV TNERE ClE 1.0 mg mLY, Y IAKEVFIZ02mL & L7, BEIMHICIET 2 ) —VKER %
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v, BLAoEEa v o — VN CHEHERERZTo72, TWENOEETICBWT, ¥— 7R

B ire ¥ — 2718 (EHERZE o) ZHIE L 72, oflZ. (DRDBIEH Y 2R (Conx FHEARE — 7 )
EEBBRBMEO 74 v T 4o v ik ko7,

R
20¢t

C = Cinax€Xp [_

(E—E£071 (D)
Z1ITRT X 91215, 20, 25, 30, 35, 45°CTHBEREAR F2HE L7z,

F1 EBREME

Catechin EGCG
Temperature (°C) 15, 20, 25, 30, 35, 45
Z (cm) 4.9 4.6
d. (cm) 1.1 1.1
Void fraction & 0.378 0.384
F, (mL/min) 1 1
Sample concentration (mg/mL) | 1
Sample volume (mL) 0.1 0.1
Mobile Phase 20% Ethanol
Stationary phase HP20SS (Mitsubishi Chemical)
dp (um) 62-67

2.3 Rk UEE
231 #HI/ v~ 7T 7 4 —5rBEERED M L
ra=t 7774 —0RHHERIZ. FoXSiKmbEIENE LS I 0, RiFEOETALRE LT
Witz o= b 77 7 4 =0 SE. BREE 3@V E 2 512 (Figure2). (1) iE (u) 2ET ¢
TE—2IRZR T2 2L, ) BIHEARKRE () 2 T CARAEzER I, 3) &

(ITIL

E () #LRX4Cvr—72iErzvy—7icddz2eTchs (X2),
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(1) FoRBET IR —2IEREL T2

Va1 > Vi
7 Incomplete
/>( separation
4_W1<__>W2_> -

Lower velocity u
results in sharper peaks

Complete separation ‘

Same
distribution
coefficients

Volume V Lt w,

(2) BEMHERERELZIKT X CALIREZHRI L2

VRl VRZ

»
L

Incomplete
separation

S

<_W1<_—’W2—> &

Lower solvent concentration /
results in increasing peak distance and
peak width

‘Complete separatlon

(E—
Larger dlstrlbutlon
coefficients \

> w,—
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3) BE* FFcr—2iE%x> Y — 7T 3

Ve Ve
o Incomplete
)(\separation
W, Ziwz —

Higher temperature T
results in sharper peaks and
smaller elution volumes

Complete separation |

Smaller distribution
coefficients

Volume V 4—b>e—>
W, w,

X 2 #itHr/a<= b7 77 4 —nicE T2 SGET 2 38D Ok

REZ FRIEEGE. V— 27 OREPREICHELZZ T uwi A Xk a~<=t+ 77 7 4 —(SEC)

DG, FERIY -8y » =TI 5770, gEfR Eo A Y v FiEKEwvw—7, SEC EBRMEL

(T

BT B0 L LTREEN TR W[5, THDEERTIE. Te Sl RTEE, B hvr—7
iCa b —F, WEOREMEMMET L, EFEESMET 229, ZoREIHEM Iy, uo 11X
—ME, DA LD D ICHBEINE N A -2 TH B, WRE T X NE TR TIRELR
HINTZ b7,

Z D7 HARETIE, HETP, R ZHEEL L, REB 7o~ 777 4 —BEIc 5 2 2508 % | fliucit

RE s homFEEZHIEL 12,

232 WEOBE¥E L To HETP
HETP 137 7 2803 O FH I A < AV S5 TWw 3[6 — 10]e HETP 1RO RICHE - TEBRT — 2 53k

HBHIENTE D,

HETP = Z(0¢/tr)? = Z(W:/tr)/16 = Z(ov/VR)* (2)
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-
— e

T, ZIIHh 7 LRE, ov=Fvo lIBE (Fy : volumetric flow-rate) TD g, WIIX—ZX T4 v D

v —20E Ve 3RFHAETH 2 (M3).

‘ (tap - t1a) OF (Vop - Via) J

o, or Vs

oot [N |

VR4 0rtg 4 /

v

V‘|a VR,1 V1bV2a VR,2 V2b VR,1 VOIUme, t

ta Rty fRe by time, ¢t
. TP TN

3R =1 DD 2Nt ET LY —7
AR Ve=Fvr 133D X 5 Ic ol RE K cBRo T b3,

Ve =Vo+ WV, —Vy)K =V,(1+ HK) (3)

T 2T Vo BRI, i T LMRKE, H=(V-Vo)/Vo=(1-e0)/e0 3B B DL TH %, 71 7 LZETE eo=Vo/V;
X, R K ERICHBR I N AYE  (Dextran mol. Wt. 2,000,000, Fluka) @ ¥ — 7 {RER 2 HHIE L

72 IAHE (catechin & EGCG) DIRFHAE a2 K ZIRETE 3,
¥ 72, @A O EEMIRERE GRFLPEEURE) D 2k 2 L R TE 3,

2
HETP = Z = A0 4 (0y = 22t 4 Ko™
N 30Dg(1+HK)?

T 2T, dp 13RI F1E. Dol axial dispersion coefficient, u=F/(end®/4)\3I#FETH Y, d 13 7 LEFET
H 5,

BED DLIcG 2 28RO CREMNTH L L, 77— 20O o T W5, LETOWLE
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T, AIZQRDU/WE 7213 A DER—FETH Y, X% 2-10d, TH B L HRLEN, THFEEICK
> TELL 72\ [2, 3, 6],
[E AT BUR S GHFLINILBUREL) D, 2R IC X » TR T 5, T IREUREL D, (RiFTcoHl

PRERERE) 13— RV LAY o BAfROBEfRl TR a n B,

Dun/T = f (molecular shape, molecular radius, m or molecular weight, My) (5)

T 2T, n 3B ORE, TIHHENEETH S, Du(DiZE 72, HEMLZ AL F —EZHWTUTD

XokeRFLHTES,

Dy, = Dy €xp (_ %) = Dm,refexp(_i_z (% ~ )) ©)

Tref

Z VC‘\\ DmO ai};ﬂ‘}g% (pre-exponential factor) N RG ti &E\{ZISE?F%I\ Dm,rcf ai Tif; Trsf@ﬂﬁ@ Dm\ % L
T T 13RI (reference temperature) TH 5, Dy l3(6)AD2 LEIHTE 2, Ep lIARDOKEICILL
itz A ¥F—Td 5 OkoiEHElLT 4 v F— 20 kI/mol)

Y=DyDu DRE TIC X o TEAL L W RET B &, Dil(DRD LS ickIns,

E E 1 1
Dg = Dgy exp (_ RG_DT) = Ds,refexp(_ i (; - m )) @)
ZZ VC‘\\ DsO Ci}fﬁ}g%‘ Ds,ref 0i T:Tref@ﬁ%@ Ds VCID %) o
MEXTUE L2 HETP Z V2 2 L id, 4, u 7o KO A 5 F 2 RIRITT IR T & 3 720 (EFTH

%, [6,8,11]. XL E N7=F0E v & HETP ZfWVT, @REUTO XS icid#l+2 2R TE 3,

h=4"+C"v ()
h = HETP/d, ©)]
v =ud,/Dp (10)
A" =2(D,/w)/d, (11)
C* = HK/[30ys(1 + HK)?] (12)
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Ys = Ds/Dm (13)

hIFREFAINCLIT O X S icbadih 92 2 L3 TE 3

h=Ev"  (14)

CZTVE* nZ 74T AV IRNTIA—RTH B,
CoERNIFEDTEDFMOEERT — 22 LAHMAT 2 L3 TE 3,

W 2 A ERAR 2 X 2 1SR T, 3080 OB £ 7 — AR, 258 ) OREOOEHERTH
2, BXA XYV IR —VREREL. ©— 27 ORER-ABRA L Tw3, £, CIHIRESB XV
By TR —VBEMRGICD 2ob b, = AR LT 2, RE, BB T £

J=ViRER ERT ., REHAE (3abb K) BEPT S (K4) .

T T r fg——T——T T —T——T1 4 T T T T T
R oty I = 25% EtOH
it A " [r=20% EcoH] | B _3_C T034C_
Catechin . 7 -= o
L Catechin , - Cateching,, '\ Catechin, €
> 2} |/=27% EtOH 12+ EGCG,,, N
(=
S0.5r 1 — 5co
E EGCGwr  EGCG. Al T, =25°C EGCG il EGCG, ]
0 L L 0 it L 0 | L
0 50 100 150 0 10 20 30 40 50 600 10 20 30 40 50 60
Elution Volume V[ mL ] Elution Volume V [mL ] Elution Volume V [mL]

B 4 BRRVRY e Eh AR, R 2BEIHT 2 2 — VIR, REIC BT BT R
KT X YR iR e . FHEIC X o TR BRI OM S 2R L TW 3,
Ve: Y TMERE. Cor Vv TR,
A, T.=25°C, =X —NEE I=20%, Z=155cm, £=0.44, u=7.8cm/min
B. T.=25°C, TX /) —VEE 1=27%. Z=155cm, £=0.41, u=0.75cm/min

C. T.=34°C. =X/ —)ViEfE 1=25%. Z=155cm. £¢=0.38. u=1.98cm/mi

X 4A 1% 15-45°CIc B 1F 5 HETP-u DHHENKTH 2, HEO EF L L b, EROLEIERLH»ICh

STW2E2, ZoZéll @) RicsnT, BED FRELEDICDBHERKTIZZEEZRLTVS,
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HETP-u % h-u AT 2 &, K 5B), (OWn3T LI, 7—ZRRAVEE (T.=15-45°C, %)

HATRE I=20% K% 0 30%) Ik \WT, H—oift CRAMAEEM S & TE 3, i, 7—4

RO h=1.08071TT7 4 v T4 VI TE B, ThbOFERIL. axial dispersion ~ DA D FEE L

R TE, D, OEEKAEIX, 1318 Do OIRERGFECHALRETH Z 2 BRL T 3,

h=HETP/d, [—]

=
=)

un
o
|

(A) 15°C
0‘3— y=4.2683x +0.04
E R?=0.9699 25°C
© "~ | Catechin
0.2 [1=30% R
= 35°C
i
O' 1 y=1.373x+0.04 450(:
R*=0.9624
O | | | I |
0 0.02 0.04 0.06 0.08 0.1
Mobile phase velocity, u [cm/s]
- (€)
¢ Catechin 15°c|10

O Catechin 35°C
- A Catechin 45°C

< Catechin 18°C
O Catechin 35°C
= A Catechin 45°C

- | =130° ® Catechin 25°C| [~ |=20% |@® Catechin 25°C
B 1=30% |5 fece 25°c| | f=2l © EGCG  25°C
— h=1.08v0" — h=1.08v°%"
I L1 o1 rual 11 | 1 111! l
10 100 10 100

Reduced velocity, v=ud, /D, [-]
5 TP & BEETUE O BA LR
(A) £30%1C 31 % HETP-u
(B) =30%1C 5T 3 h-v

(C) E20% I 51 2 h-v

35



SR E Nz ERRIE, YR 25°CofEix v, 74 v T4 v ZIC K D IRE L7z, D DfEIZEEH

DI ETRD 7211, 12]

233 BECBELE LT R,
HETP I/l 2 T, iR 2R IEEL L UL HVERTWE b DIC, ReBH 5, RIF(A5A L L

TERING, 2 DEEOBEOETAE — 2R (X 5)

VR2-VR1
Ry =1 - 15
S SWi W) (15)

? L (top - ta) OF (Vo - Via) il

fop OF Vo
Vo Ortr, / \ /
VR4 Or g 4 /

A 4

V1a VR,‘] V’]bVZa VR,2 V2b VR’A] VOIUme, t

ta [R1 tpta [R2 tp time, ¢

< 1 > & 2 >
< > < >

5 Ri=1 OO 2SSO T L E—7

BEl, 2izhzh, 1 EHE 2EZBHOBRHBHIOBHETHE L 2RT, W=46lZX—2 T f v

KB 2E—2METH L, 2). QRZUHRICRAT I ETUORMBELN S,

R _ VR,Z_VR,l — \/ZH(KZ—K]_) _
ST lwy+w,)  2[(1+HK,)JHETPy+(1+HK;) [HETP, ]

VZH(K,—K,) r
2[(1+HK,)JA+Ciu+(1+HK,),/A+Cyu] (16)
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2T, RIZHETP, K%#EL T Db, u, dy P —EDK}, WEOBEEL L TRINEZ LD
60
R AT HETP, K CTEREHINTWEA, ILIEEEAFICTICEAET LWL, 2 —2 05 X, g

F—. bbb W=Wr=4o TH 2K, Q)X zeO)RNIcRATE LT, 1A FLN5,

_ (H(K,—K))) VZ _ (H(K2—Kq)
Ry = {4(1+HI(av)} VHETP {4—(1+HK3V)}\/N a7

2T, Ka=(Ki+K2)2 TH %, ZDHD HETP #(14): LT 5 &, LT8R ELN 5,

_ [H(K;=K)) VZ  _ (H(K;—Ky) 1/2,,-1/2 4,,—(14+n)/2 nN/2
Rs = {4(1+HKav)}\/HETP - {4(1+HI(av)}{Z H dp D } (15)

(1)RIFKEL 200H LGNS, BIEIIDEHEE (K) <. BRERVELE (Dn) TREINT
WhEWR D, K, Dn& bIBEKFNTH 2720, RAFBEOBKTRAI LT3,

+ A4 XHER 2 v~ + 75 7 4 — (Size Exclusion Chromatography, SEC) D X 51 K 23RJEIC X - T
L &, R DEREME X AL D Ic X o TXILE N D,

Ry DMHXME. Ro/Ryret DimSEMRFIEZ . (18)XZEICEHR L 2. SEC DIHE D Ry/Rsrer X 6(B)ICTR L
720 Ry/Rspet SEQZIRE T E IR L T 0B 2 b2 %, Thid, v Tl h T ARRELR
D, Biich I LEER FTBE RESETESLZEERLTNE,

L2LigfHrze~t 777 4 =ik, KIZEEORK. K(T)TH Y., RIFEHM IS, K
DORE 7O T7T7 4 —ICBEWT, KIZTOHKE L HICHAT 2 (exothermic reaction or negative
enthalpy) o 72, SFEUREGE AK=(K»-K1) b EILICHD 3 5[14], K. DuPREOBEKTHZ & %
BEL, 1)K 5 R, R/Ret ZFtH L 720 2 DIF Ryrer 13 Ther= 298K (25°C)DEFD{E L L 7=,
E20% & 30%DIEDFEREZ M 6 ITRT, F20%DRFOFERIEIK 6 (B) THY., AK IR 22db b

F R/Rsper 13 33°CETIROTLICER LD, 20BBBEO LR b icHI L, L, 48

37



ISR AR (1+HKy) I LT 2 0 ¢, RO R 1357 B 2 RI8ICHEHE 3 2 IR0 5 2 &
Wz 5,

F30% DA B FERD P L v BTy RiRsrer & (1+HK ) IFIRE & SLITHA LeT %,

Ta R ADE, BEFUEEEZEZ L E, e~ 757 4 -0 LR T, BRI % 5 B
eI BRETH D,

BASHNC I & 0 BRSBTS 5, RETHIN L 72 & 5 FER. IREA RIS

Z 5 BOfE LM TEL LTRHTH S L ER 5,

10E (A)
[ -
LE
T f
< [
~ L
Ay
A | | | | | | |
o
" ook
*
& 10f (B) AK
~ - )
N C av
S [ 1=20%
B (Rs/Rs,ref max Rs/Rs,ref (SEC)
e
1 E Rs/Rs,ref —D_-DMD
c 1 ] 1 | ] ] 1 ]
0 10 20 30 40 50 60 70 80

Temperature, T_[°C]

6. AK\ (1+HKav)j8 J: U Rs/Rs.rcf @\(ﬂ?].,gﬁzﬁ‘lﬁz

2.4 o
RY 7z —NELR ) -V IKFOBEH T 2 EHAE 7~ 774 -5 2 23
FEDEEICOWT, fEFICEHES 2 HiEZHRE L 72, 15-45°COMRIEA IR ¢ D HETP Off 1. X

Tt L7 HETP & R TCIL L 720D 7 v v M X 2 B —odifi©, BIFaMEBECHHT 52 2 L 23T
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%72, BERENTH 5. DEHREL (distribution coefficient) & 7> FIEEUZREL (molecular diffusion
coefficient) #&tr, BB L 20BEORDOPREL 7=, LIk o Tld, ERESTFEET 32, &
AN I REXERED ER & & HITELPIE T T 5, — AT, mlmcorr~ 777 4 — 350k

AR, DEER R ICED T 2720, T RORFEEOHITAY v M RBH B LE X LT,
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3w W o<t T 74— BT 3 REEEORERE

31 BIE

B2EICH VT, PV-DVD R—RD LY VICX 2 RY) 7 x /) —AHOWH D2 =T A% L LTH
Bt BB iR & fHEEIC R 2 TEREL Lz, ARICBL T, H2Er oME 2, XV HEC
e MG SREO T ToNHERE DRl ZlA D T & & Lk,

FE2EICBWTIR, FY7x/—1D 245, Catechin, EGCG DY —ZIEEZHEL WEREL T, &
BN EERE AR L2, AFIKBWTIEBOC—IBIREZE L, 74 v T4 v ZICihETLE
ER L. XV EffIciBERBERZ R0 2L Lz, £/, HBOEEL LA AV LT 3 H
FE¥0E & (Height Equivalent to a Theoretical Plate, HETP), 4 (R) T/, X hEE FEE AL
EEERAMET 2BEE2 RO 2 HEEEZL L L, FEEOERE L TR, —BIICAHVWSNT
WAHFE Y72 ) 0L P oR LT, RTIABRBIELEE L AEE PFOBE AL, HEE
HERHNE S 2 2 LAEED, FL 72T v 2 AV CREEL 72, WES Ot &FE 5 5 X D IREARM O
INEWELE T o 20E AR LBENTW L[], EEEEER Y 2 AT 28R B K
e 270 R fEICIRET 2 TIERTSNEEETCLH Y, EEL MO THEHAZILTHELE
b,

RELCHEWTLETFTADEER & LT, ki, PS-DVD FRONEAIIC X 2K Y 7 = 7 — VO EER
RV, BEHEK-T2 ) LR TH B,

SERBOEEHO T & ) — VIREREN B E U CRE S ., F0MEET cCHREESRK L 7
ZHEMHMR (=& 7 —VIRED) . W2 RIE S v7z[2, 3],

—J7C, IREICBIL Tld, HPLC S#TIC B 2 IREOREIC X 2 RFFR . v — 7 IR0 2L o8
IR L 726125 2 23[4,5]). 0B, HPEME & o 2 EAMmTOFHIIE+a Tl v, 2, Lo
— 7 THhBERSBOMFELFLET AR TOBICE D, LY v & Catechin, EGCG DA FH o

JEic X 222G L 7= 23[6, 7]. FEHEITORHIISHOMEL 72> Tz,



REICEWTE, 3T 1IBIEBIEHE» D5 BEE R=1 & —EDRNGT CAEERZRANMLT 2 FiE
RIRE LTz, ERONEEMES D 74 v F 4 V2L kD BT MUICHKE R AT A — X EPREL 7= LT,
FHRIC X D Roli e iRfE & RO A G R IRET 5 B TE T,

—J T, BEEICEWTIE, 22T 7 4 —0EENIR, BEMMK S TR, 72 I3IRE & E
D2EFDOHRE LT, BEEMAK, ol BEO3IEROMALEbRICLIRAIEEZL LT, X
D R GMRENREL b, AR TS LI EHED . R=1 DT ICB W CEERE 2R T
ZEE, BAEM, EOMAGDLEERIET 2 T L 2R Ahl,

T HICEEEICE W TAEEZ YR T2 ERL LT, # 7 4GS, SiHARORTED, 2u< 7
74— DEFEEICEE RS2 5 EELRERTH 2, SHORFICHERLEZETAZAWT, 7745

X, KT ESEERICEZ 25HES 5 2 L TE 3B L 7,

32 EEUTR LR

ERIZFE2FIOR LM@Y TH D, PV-DVB ZEAI L T LIV 2 REL A 7 L% Mv, 15~45°C
DEMT I T, Catechin, EGCG DFHHIFR T L 72, ZNZNDOEMFTICH W T, ¥ — 7 RFFHF
M. ©— 28 EHERE o) ZEIEL 72, offild. (NEEHD Y AR (Co FRAE—27BE) &FE

BBl 7 4 v 74 v Ik ko7,

= Cmaxexp |~ (V= V| ()

C = Cppax €Xp [
HETP i3 XDt > TEBRT — 22 oKD L2 B TE S,

HETP = Z(0¢/tp)? = ZW,/tr)/16 = Z(oy/VR)* (2)

CCZT, ZEH T LRE, ov=Fva l3AEM (F, : volumetric flow-rate) TD o fll, WiZ_—ZX 74 vD¥

— 7 0E vp 3R ETH 2 (K1),

42



1 b (top - 1) OF (Vo - Via) J

top or Vs

ool 14

VR,1 or tR,1 /

L

v

Via Vi1 Vidoa Vez Vo Vri Volume, t

t1a tR1 t’lb tZa tRZ t2b time, ¢
1 2

<&
< >

4
v

1 4B Re=1 DD 2 B0 it 70

AR i=Fyvr 1IZGR)R D L 5 K BRI K BRI b 5,
Ve = Vo + (V, —Vo)K = V(1 + HK) (3)
T TT Vor ERRIARE. Vi 1 T LR H=(V- Vo) Vo=(1-60)/e0 IBB O TH 2, 71 7 LTERE e0=Vo/V:
2. REF e CSERICHIRR S N2 PE (Dextran mol. Wt. 2,000,000, Fluka) O & — 7 {RFFEFED O IE L
7z #WH (catechin & EGCG) DIRFHARE Ved2b K ZIRETE %,

7o, ()R o BEEANLEIRE GEFLAIEBURE) DszKkd 3 Z &M TE S,

d2
HETP = 2 = 49 4 ¢0u = 222 4 %% ()
N u | 30Dg(1+HK)2

YA 7 D/u OEIZ 1~10d, TH V. AW TIE 0.045 % v 72[2],

3.3 ERRUEER

3.3.1 BEOBHL L CoiiERE L HETP

F1LIRT X HIT15, 20, 25, 30. 35. 45°CTHEERIER EiE L 7=,
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F 1 REREN

Temperature (°C) 15, 20, 25, 30, 35, 45
Z (cm) 3
d. (cm) 1.1
Void fraction ¢ 0.38
F, (mL/min) 1
Sample concentration (mg/mL) 1
Sample volume (mL) 0.1
Mobile Phase 20% Ethanol
Stationary phase HP20SS (Mitsubishi Chemical)

EKEBRT— 26— 27108 ov. RIFAE Vk 2(1)ATR 9 KZE Gaussian Curve THIEL 7= (M 2),
@RicfAT 22 TK @RIRATZ L TDsFHTED, 74 v 74 V7 EFREICKVEDS

NET—R%RK2ICEML -,

Catechin

0.02
Line Color
% Exp

= Sim

abs

Voll(ml)
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EGCG

Line.Color
w 0.0101
8 " Bo
= sSim
0.005
0.000 1
0 5( 1‘51’\
Vol (ml)
2 KT BT % Catechin, EGCG DBEHEBMIE~D7 4 v 714 v 7
(R EEREhiR. & 74 v 74 v 7R
K2 T4 TAVIOEREBLNT —4
Catechin EGCG
temperature [°C] K HETP [cm] N D, [m%/s] K HETP [cm] N D, [m?/s]
15 7.3 0.169 29 3.97E-12 25.9 0.23 20 8.63E-13
20 6.05 0.137 36 6.32E-12 18.7 0.177 26 1.64E-12
25 54 0.117 42 8.81E-12 13.6 0.149 31 2.82E-12
30 4.52 0.102 48 1.27E-11 10.7 0.110 42 5.60E-12
35 3.9 0.089 55 1.84E-11 7.7 0.121 38 6.33E-12
45 2.94 0.078 63 3.01E-11 5.39 0.084 55 1.67E-11

DIRTDAFFE T, 25°CRIFT o2 /) — MR T 25 K B X B TIREREL Dy 125 2 %

LML 2 ARG @D X TOR%E LTERL 2,

K=AI"B+K. (5)
Dm = a112 + azl + as (6)
D catechin = 1.62 X 1071312 =151 x 10711 + 6.33 x 10710 (6-1)

Dmpcec = 1.26 X 1071312 = 1,17 x 10711 + 491 x 10710 (6-2)

Tl 2 ) —niEE (%) THL, RO OPHKEDnERVEZEICLD,

45

HEEICOWTIR

25°CT®D Dy I



TR k5 icitdcx 302,

aDpy _ 0.07(1.62x1071312-1.51x10"*"1+6.33x1071?)

D . = 7-1
s,ref,catechin Kref AI"B+K, (7-1)

aDp _ 0.07(1.26x1071312-1.17x10711/+4.91x10710)
Kref AI"B+K,

Dg retEGCG = (7-2)

T, 0l 0.07 ZHWE[L]

D%, mEx G cRHT 2@ X 5 1cm 58],

E 1 1
Ds = Ds,refexp [_ ?D (; - Tref)]

(8)

22T TIIMAERE, R IIRAEER (B : IJ/mol/K) ., Ep lZEALH 7 ) 0Lz A L ¥ —TH 5,
OREZEHT 2 2 L TORPBELIN. ARICERT — L2 2L TID L LIk Y, Bp ks b

TZE 3,

Ds _  Ep Ep
Dret RT RTref

In (9)

BnrBETOD L UTOREREZ 7ay F 5258, ZOEUMBEOMEE 2> 5 Epcatcehin = 51.6 kJ/mol,
Eprecc=T73.9kl/mol #RKD 2 2 &R TE 7z, ORE)RICL Y. DI T & TOREBKE LTRbEINns,

Ds,rcf\ Krcf\ Trcf ai 250C(j—fb:?%6ﬂf:ﬁﬁ%ﬁzjb‘% Z k %))ch’ 50

T, T2 -NVEBEORELEZL L, KIZQIO)RD L it T & TOBEKTREATE 2,

AH (1 1
K = Krerexp[— R (; -

N o)

Trer

T T T K= AIPHK, 13 25°CORFIC(H X LB O N EEHTH 5, AH IZXALE. R IRBEERTH 2,
EETHONZ K LEEORFREZ 7a v b, BEMEMROME X 2> 5 AHoechin=-22.9. AHpgcg=-37.1 DAED

BFonz,

DEXD . KEDETLRZ ) —VEEEREOBEMRTCRHBTEL L IICho7z, GIREICHE R NT A —
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AERIKFE LD,

#z3 K & DORTFICHER AT A —X&

A B K a a as AH Ep

(%)B - - m2st (%)? m?s!(%)! m?s! kJ-mol! kJ-mol!
Catechin 5.34x10* 3.1 0.69 1.62x10°13 1.51x10" 6.33x101° -22.9 51.6
EGCG ’ 8.62x10° 4.5 0.69 1.26x1013 1.17x10" 4.91x1071° -37.1 73.9

3.3.2 AEEEZERAUT I REREOHRE
T CIRESEEMS T T, AN Y TS 2 TEHEEREL 21, Ml —Eox s/ —ViEE T

DT, ADKTREIND R T HED /T HERE R 2 EE T 2 i u ZIRETE 2D TH 2 (K1),

Vr2—VR1
R.=——>= (N1
S %(W1+Wz) (M

TTEEEAE T CHERIIC T & uw DA BE DRI TE . Z L% Iso-resolution curve concept & & 1) 7=,
Ko vt 7 MMImEREEHKOBENCD T TCIsHENTw B3], FlzIX R=1 OFF, M1 DX
EP e — 7 TR HDOR—RAT A v DI EEREIT 523, Gaussian Curve Tid, TEE2IHEICIT R,
>12BREEL D,

QR ZUDRICRAT 2z &t B HFELN D,

R. = VRz7VR1 _ VZH(K,—K;) VZH(K;—K1)
S

B %(W1+W2) "~ 2[(1+HK)/HETP; +(1+HK,),/HETP, - 2[(A+HK )AL +Ciut+(1+HK,) Az +Czu] (12)

(12)R 25, FHEFMT ©, AEORE L £ —VREICHICT 2 u 55612 X 5 Ik o 7z,
TV IVWIREREOHEZHKA L, DY Y TLroBELES ETHNIE. K14 TREL
TRV ORTRICHE, o, VoI TH B, F A 7R, Y4 7 VR 2 B AT BEATR Vieps 97

BERERS foep #& 2 % £ (13), (1HRD X 5 It u. K. T72ab bl & EE OB it Tt % 2,

tsep = Vsgp/Fv = (Z /W) (Vsgp/Vo) = (Z/uo) Vsep/Vo) (13)
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2V (1+HK;) [AS+Cou
vz

Wy,
2

Vsep = Vo = Vo(1 + HK,) +

=V,(1+ HK,) + (14)

MORLDEEZZ Z 5 &, BY A 7 VDI, REDEZEZZLELPH Y, LBICHD Vi, bAA5)D X 5

ICETEREETH B,

2V (1+HK,) |AY+CQu
NA

Wy,

V1a=V0(1+HK1)_ 2

BRIRIIC, Ve £ 1316)ADRD X 51272 b, fRIGE L BEOMENE 2 3,

Ve =Vop — Via (16)

te = tap — t1a = (Vap — Via)/Fv (17)

IR —NREIDB—ETH LM, S0l T cEEEEZRAMET 2 u & TOMIEDEBFEA
AlREL 72 B, 2 ZTIE 220, R=1 DERBGMH T CORERREZ 5,

SRR S LRE Z=155em, /1T 488 d. = 1.1 em, KT dy=6Tum & L 7z, ZERREE £=0.379,
L L7Z Rl O X ¥ ILITTERSEENTRE L 72 0 | FHR D B0 G L % B 2 7256, b EEENE <
2%,

510 I=20, R=1 DR DE B 2R 3, & O AR IZ 0 BEARRE & 2> BERFRS (Separation time) BAf#.
RO AR T HEARE & 34 7 VR[] (Cycle time) OBIREZ R T, FimEICE T 2 R=1 KT 2 il

u DFIH T Microsoft Excel @ Goal-seak BEREZ ] L 72, mimsctE ClI BRI 2R < 72 5 —77, 0 BlHA

BITED L7, DRI AREE (K-K) ke, REo LR e HICBI L2 E2 6N 5,
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250

bop VS, Vor/ Vg

200 1 p—

150

100 (fop—tya)

50

Separation time t, = t,, or cycle time t_ = t,,-t;, [min]

0 5 10 15 20 25

Reduced separation volume V,,/V,, or cycle volume (V,-V,.)/V, [-]

X5 F20(%). R—=1 DDA
X iy : SERTTAL & N2 EEARTE (separation volume, [-]) 7213 %4 7 UK FE (cycle volume, [-])

Y @ SRR (separation time, [min]) F 721X ¥ A 7 LEFE (cycle time, [min])

DEHARE L A 2 AR R GIC, B X 2B EERT S, 43°CTH A4 7 ABEIIREE R, &
m TP A4 7 VRIS R U, IR < IR /BRI 23 K L T v B, 55°C, 43°C, 32°CIc BTl
HL7 ZARGEHULEZY—=2%2K 6 1R T, 2. @RXBLXTA)A DS e HETP, ¥ — & W %

Ko, v — 7 BRI = -2, K THE o=t W2 KD T2, ¥— 2B I IIFEHIICT & LT,
W = 4tg/N®5 (18)

B IR A R, TR S LT\ 3, 55°CIC B W T O BMRE DAE D /N X < 7 0 4B ARS 2K
TF2—H . DMEHET2-DICHEPMET T 2720, 94 Z VBRI KL Tw %, —7 32°C Tl
F A 7 VBRI 43°C & KET RV DS, B2 M T 2 72D ICFUESBER L, 34 7 VB3 R T
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W, 43°CIEH A 7 VB, DEEARE L IRV L _A TR T Y ZABINTWEEETh s EZ LN

Vic®

55°C 43°C 32°C

o m oe————time(min)

L

‘ iy I i v

[t} 50 1‘00 150 ‘ J SV“O I u me ( mt})

K6 55. 43, 32°CicBWTEIRE L=, =fABIGANLzv—72

ZNTIE, YA 7 ADBBEINIETROEEERNGVESAD2DES 9, Ric, FFEWEZEELT 3
Zlpxkowbro e L,

ARETIREEEZRAMUT 2EEOREZAAT VLA 8E, EEE P11 LTEEI N D,

P = (CoVp)/(Votc)
= [(sample concentration)(sample volume)] + [(column void volume)(cycle time)](19)

ZCZTColdmBticilts 29 v 7L DRE., VrldZ DIRE, 1 13h 7 L DZERIERE, 1334 7 VR
Thb, ~HT, FEELEWTEETNEBEHOHEREZ EEEOFHEICNA 2 &, UTOERS
P BQRORD X 9 ICIRE X T\ 3[3]

Py = (CoVp)/(VotcVe) = P/V¢ (20)

CZTV.EYAI7VMEETH 2, PEH 7 LKR, BEERAEROI A 7 VIS0 B LN
EEREERT, Z DHALI][(kg-product)(m3-bed) ! (m3-solvent)'s' | TH % (mP-bed 1377 T L 2Z[RIAFE m3-

void volume of bed #/89), WEZFIRBEILIETH 256, P=P/CoORAFIHEINB, Clivv 7
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BEmg-mLN%~d, Thbb, EEEIX ICHAIL, FRMPIBETCHIIETUT o) ICEE©

&5,

P* = P/(CoVe) = Ve/VotcVe)
= [sample volume] + [(column void volume)(cycle time)(cycle volume)] (21)

7 RN PrREOBROMEMR LR T, MRTHENLZ DL T30, R K1,
u<15cm/min OFIFHTEML 72, H. T OHPEIIANIETII—E L CRE L 7z, P*2im Al s 2K u
DEFHEIC B MicroSoft Excel @ Goal-seak FERE % i F L 72,

P*OIRAfEIX, T=50, K;=2.65. K=3.86, K;-K; =121, it u =47 m/min, £=12.9 min, £=27.8
min, Vo/Vo=3.9 OEFICRERE R SZ Z LRI NS, TIC, WSO RICE T, £EEZRERLT
LEREIRESTET 3 LWL P L o7z,

tn L IEENZN 41, 43°CTR/AMET 223, Pxi3ZzhZ i 50°CTRAMT 2 Z L BHL I 5 72,
OB ERBR 5 LD TFIBURE D BABIC LR L. R=1 2R3 5 720 ICH0E v 2 ST 3 &

BMBEBDH B0, EEEIIMETLAZLEZLNS (K4),

7 P’_max _ 50°C
g P_20%

44°C

’ +—54°C

20 30 40 50 60 70
Temperature, T, [°C]

P*x10° [(mL-product){mL-bed)(mL-solvent)min-1]

7. R (1) ©BI%E L CoEEN PY KK
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4 50°CHHETEE LK, De u

Catechin EGCG
temperature [°C] K D, [m*/s] K D, [m?*/s] u [m/s]
40 5.44 2.2E-11 13.6 1.05E-11| 1.92E-03
45 3.03 3.0E-11 4.89 1.64E-11| 1.41E-03
50 2.65 4,1E-11 3.86 2.52E-11| 7.88E-04
55 2.33 5.4E-11 3.07 3.83E-11| 8.95E-05

8 ICHBAHMR S ZEAL L 72 R D R FEME P& RCAREGE (Ko-K) &L DBAR 2R3, BEIMHAK

BT B &

TERDDZZEHRTE D, WENAHKICCU T, HHAEASWREL &> 7,

P* x 10° [(mL-product)(mL-bed)?(mL-solvent)min™]

BOEIRE b 2135 2 L L 2 & T o 7o, BEIMMEL, W, T R#E LA A D

_.ol=16
=20 "108 67 °C
50C,c58 C
80 /=22 —112
7.0} l
110
6.0}
5.0} 18 —
4.0 [~ = o
6 A2
3.0} 14 ;2‘
2.0}
1.0f . Dol =16
0 | L I ! le" 181

l |
0O 10 20 30 40 50 60 70 800

Temperature T [°C]

7. KA GBI 2 ) —VIBE T[%ICB T 3RE (T) OB E LToLENE P, KK
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REERZYTH L 2nT 20, (ODREZECABIERZEICL VR, SFEIRES cRka -
BxEHAVE, fEfoED, U —2EI3TT1E L, sPEoKR, K8 IRT X I Ic, Ehuphin

LRIZFOHBEZFRIC I VERT 6 2 BT,

(a) Catechin

12

08
0.6
04

0.2

0 10 20 30 40 50 60
V[mL]

e 0 1570 e H0C e 5 - € W0C =——C35C ——cC 450

(b) EGCG

0.8
0.6
04

0.2

0 20 40 60 &0 100 120 a0 160

V [mL]

—F 150 =——E 20C ——E25C - E_30°C =——E 35C ——E45C
] 8. k% 7R IC BV B EHE Tk 72 A H iR

(a) Catechin, (b) EGCG. =20%. Fy=1mL/min

333 LEEERAUT 2EE, BEAR. REOHAGLE

3321BVT, LX) — VRE I DB —EDENF P CAEEEZRRICT 5 u. TOMAEDEERD T,
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B IO NCEEEEZRERET 2 u. TOMAEDLEBEET DI EBALPICR 272, £ T TRIT,
IR X - gA I AEN R R T 2 u. T. IOHAEDEERD 32 L 2Rl AT,

332 LEBELEIE T, T 8L X 4 CENFNOIT X ) — VEECOEEENRAL & 5 FHEE KD
T

ZEE) L Figs DX 9 Ic7a b, mAMHEIL T=15[%], T=69 [[C]DKFTH o7, —/7, BEHEBEICH
H U724 FEE P*i3 =40 [%]. T=29[°C]DK:TH -7z (Fig. 6), &H b DA ZEMET 2 2 TERIZE
boTL 3755, HWEICKAHIREMECHBERIZRET B9, 20X oo Ifiog
HEEL, AT O THE LEZ S,
39%
36%
33%
30%
27%
24%
21%

18%
15%

Ethanol concentration, /

15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75

Temperature, T[°C]

P[(mg-product)(mL-bed)-1 min-1] 0-0.0003 m 0.0003-0.0006 m 0.0006-0.0009
0.0009-0.0012 0.0012-0.0015 = 0.0015-0.0018
m 0.0018-0.0021 m 0.0021-0.0024 m 0.0024-0.0027

X9 Ri=10D%HDEGEHETCRE. 22/ —VEE, REZEBII - 204EEEP
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39%
37%
35%
33%
31%
29%
27%
25%
23%
21%
19%
17%

- 15%
15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75

Ethanol concentration, /

Temperature, T[°C]

P*[(mL-product)(mL-bed)-1(mL-solvent)-1min-1]
0-0.000015 = 0.000015-0.00003 = 0.00003-0.000045
0.000045-0.00006  0.00006-0.000075 = 0.000075-0.00009

® 0.00009-0.000105 = 0.000105-0.00012 = 0.00012-0.000135
= 0.000135-0.00015

B 10R=1 DFESEEGMET CIRE., T2/ —ViBE, fEPEBI X877~ & & OEFEN: p*

3.3.4 7 LBEEBEEECS 2 E

DT O RERERTICHED, W T LOBENREETH L, 77 LBV B—EDOEFET T,
Wi h 7 L) BE@EE LD, T2 ) —VBEIR—ETHLEHT. R=1 DEHEEGET
THENZRERILT 2 de & ZOWMAGDEDEIRIEL RS, BBI I TR NP —EDOEEFT COR
B EASR D720, ZBRENT 4 ZABNICHRE S 5,

EFEEP B@HXD XY ICERINT VS, ( P=(CoVe)/(Vote) )

T, .=V TH B,

Ri=1 DFMFETTIEUTORAX[TL Y. Z EHFUE u BT 2 2 DD 5,

H(K;—K1)

IS

R =

(22)
2 (1+mK) A%+CQu+(1+HK,) |AS+Ciu
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TV @ADL I KRKHIN, Z & u b HHIc REFIE, —EDEICIERL TWw <L 2 L hsy

5,

Ve=Vop —Via =

4V, (1 + HK DA, + Ciu 4V, (1 + HK,) A, + Cyu
vl WVZ = \/z + \/7

= %VO[(l + HK)A, + Cou + (1 + HKy) /A, + Cou] (23)

—J7. RRFGE Fy [mL/min)iZ24)RD X 5 I u[m/s], Z[em] TRIHTE S, 2b6b Z & ud o3I

K2, —TEOEIPERL T 2 &b 3,

dc)z _ 6000sVyu

F, = 6000meu (7 h

(24)

PLEX Y| t=V/F 3P L 20 —EDMEICPEE L T &F 2 b, I P=(CoVr)/(Voto)IZFE R L2

D—EDEICPIRL T & EZObNDS, P*HEROEHZRT LEZLND,

EEIC, A7 LRI LIEDARHT IR T TEIARET LXK 11 X Sickhy, —EUEDA T L

RICcREEELAEL RV EARINTE,

P*[(mg-product)(mL-bed)-! min-1] x 10°

5.0
4.5
4.0
22
3.0
25
2.0
15
1.0
0.5
0.0

5 10 15
Column length, Z [cm]
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K11 7 7 LR 2ERERE PIch x 2508
3.3.5 NFROEERICE X 2HE
RPN OBRD—ETHEE, R=1,32L, 10XV HXD XS 1ckb, FlZ—ELk

=E
(1+HK1)w/A2+C10u+ (1+HK2)\/A(2)+CZO :m (25)
27

ok &, [21& b, HETP BXQ6)D X 5 IcKiLTE 3,

_Z_ 404 0y = (PL) B _ HK
HETP = £ = 4% + Cou = 2(2%) + o2 u (26)
Thd, dylIpMFIoORTFETH Y. —MRAVIC
D,
0= — | =2~
A _z(u) 2~8dp
LB EMMLNTEDY,
A" =0.045=7d, (dh=67um)
&%,
T7bb, HETP X270 L 51k 5,
2
HETP =% = A% 4 C%u = 7d,, + —- % 3 (97)
N 30Ds (1+HK)?

QHRDEAL—ETHZ L BLIVQNRE Y. d? & u BREHIT 5, Thbb, 4, OHKAL &b
I, u OEIEBEIBEICEA L. Q4R XY FEDRKICEDY T2, $6icdDREY 4 fEoKE
DI PEIIMETT2¢E 2615,

(19)~CHR L Y P*d P LARDOEENERT EEXONE, Thbb, RNTEOWAL &b ICEERE
PIMETT2EEzLN%,

ERIC, KT d LR u DREBT AEMET ORI 2 M 20X 5 KAy, RTEoMAc
WYLz, RFREOETE LD ICEHE LoEEEIRM ET 22, EHEEPRFICEET 220, £iE
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o I IEiE u AR L 705 2 & BEHEAICTR I N, MTEO ERA 900cm/h &35 &, FHEL
72 5. 10, 20, 30, 40. 50. 60. 80, 100, 200, 500pum TiZ 60 pum T ERICEGEST 2 2 & L 2Tk

572, HP20SS ORI FEH 67 um TH Y, 1ZIT FIRICHEIEL TWw3 Z & AREI L7,

un

o

a 2

e 18 =

e 1.6

. 1.4

D 12

2 :

i 1

E: 0.8 .
S 06

g 04

g 02

[®)]

E 0

E? 0 100 200 300 400

KL F1% dp [um]

B 12 R dy 03B RELE Po PHICG 2 2508

33.6 V=77 7Yz FAHREHFT coREREL

Pk o®Ehd, SHBREHEAGET ciibhzboTh s, SHBAREET i3, AL R L 72
EFMCE Y EEMERAT 2IRE, BEHR, REOMAGDEEREYET 2 FEEERL. MA
T, FEOBELEICEFT 2070~ 29 74— WCHEER, 77 L58%, LY VO T EROME
bIHiiT 2 Z LA TEZ, ThiT, FHEAREGETICE VT, RO TSR, BEEHILE
BEPENML A VEDICAETH 72 EZ b,

—/T, 77V MVEREHET CIIBERIIEM IR 2, BEHHEROEKICED, V=7 ()
77V FEREFETICB VT, IR ERREIER T 2720, V=777V v PEHERD

WRZT»H, HEETFHT 2ETARERT 2L IREETCHE LEZLNE9], ZNLCL bbb
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FTLARBLREDRIA— R ) =TIV P EBRICK > TRE L, Z0BEMERIC X - CTIERR
JERIEE ZHIET 2 00— & E 2 b ALTWw3[10],

V=777V MARERICL>T AR B R2RETLHETE, BEHEE Y 2L —%— (SHO
Az —n) PEELYD IR BEEHICHAY T3 2 L2 LT3, =X/ —
rrE46) AT FY (HTE290) RV EGCG (5rT& 458) DILEURE % & 2 72, C ORI
ARichdLEzONS, Ll ZOFEKIE, FRICGEOKRE REY 2 L — X -5 T OHA ITHEAE
L7z whAlREMED D 2,

AWFECHFEL = FEORRATFIEZK 13 1cE L0 5,

Linear gradient elution experiments||lsocratic elution experiments

(3 gradient slopes, 3 temperatures)||at non-binding conditions
il (3 flow rates, 3 temperatures)

| Determination of A(7), B(T) | [Determination of A%(T), D,(T), K|
T

| Formu]aéi;}‘n of A(T), B(T), DI, T) wfth E, and AH H
J%

ﬂCalculation of was a function c?_{ T at a fixed [ that satisfies an assigned R, [

|Iso-resolution curve (cycle time ‘ﬁ separation volume) for several / values|
ICalcuiation of P*asa fLJJréction of T for several fva‘lues]

[Determination of u, Tand / byﬁonsidering requirements/constrains]
Experimental validation 5nd additional investigations on
sample loading and column dimension

B 13 A#HFEChFE L 7= TR O HETIE

3.4 ERs)

HHRSHEIC BT 3 REREOREE LRI LIz, T MULEMELTHRI 7=/ —vZMHA L., PS-
DVB ZHtf &+ 2L Y v REEME LT, K-z x /) —VREMEBEIHE LT, DRI K A
TR —REE L RE T OB E L TIREI N, K. T\ B X OHEHEBGERE v % 535 ltdhst %

PAE LT, FnBthiigr o, EEWERL T, u OB LCEHETE 2 L5k ), BEEIRKE
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3 HGE G IRESFTET 2 2 L L I o 7, RO EMRR 2 BB L 22T v W23 EF
ETHY, EELOVEMATHLLEZLND,

¥z ALETAEMCT, A7 LRE Z, HAR 5 d, B AEEEICRITTHEICOWTOERET
ZFEEMAR Lz, Z 13— EU ECEERIIZIEEL R Y, FEEYE D 7 LESITREFEL RV &
NI NIz, BT d, H/NE 72 213 EBGRE RIZAEEMEDSR B3 2208, FRICENBREDS ERT 2729,

7ux 2 ENDERICE Y BRREEETOEESTELRWEEEH S 2 L bRRI N,
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Nomenclature

A constant [-]

B constant [-]

Crax maximum peak concentration [mg-mL']
Co sample concentration [mg-mL"]
Dy axial dispersion coefficient [m?-s71]
Dn molecular diffusion coefficient [m?-s1]
Dy pore diffusion coefficient [m?-s7!]
D, stationary phase diffusion coefficient [m?-s71]

F volumetric flow rate [mL-min']
H volumetric phase ratio (=(Vi-V0)/Vo = (1-¢)/e) [-]

HETP  height equivalent to a theoretical plate [m]

I ethanol concentration [%]

K distribution coefficient [-]

N theoretical plate number [-]

P = (CoV¥)/(Votc) amount of product obtained per bed volume per cycle time [mg-mL-!-min]
Pi=PlVc amount of product obtained per bed volume per cycle time per cycle volume

[mg-mL2-min"]
P*=P|/Cy sample volume per bed volume per cycle time per cycle volume

[mL! min™]

R resolution [-]
t time [min]
tc cycle time [min]
R retention time [min]
1SEP separation time [min]
u mobile phase velocity [mL-min']
Ve cycle volume [mL]
Ve sample volume [mL]
Vr retention volume [mL]
Vsep separation volume [mL]
Vi column bed volume [mL]
Vo column void volume (=¢V)) [mL]
peak width at the base line (=40v) [min]
VA column height [em]
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Greeek

void fraction (=Vo/T})

standard deviation

o

Subscripts

a start position of elution curve
b end position of elution curve
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