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APPENDIX A

STANDARD CURVES

Blue dextran standard curve
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Dextran standard curve (M.W. 9,000)
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Dextran standard curve (M.W. 100,000)
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APPENDIX B
RAW DATA

Table B.1 LiCl

Co N, Icelining Time Vo Vo Vi C. Cs'
(%w/w) (rpm) (ml)  (h)  (ml) (ml) (ml) (%w/w)(%w/w)

0.50 200 3 426 0.75 0.11

0.50 200 410 078  0.03
0.50 200 435 080 005
0.50 200 505 072 0.16
0.50 600 439 083  0.03
0.50 600 426 079  0.04
0.50 1000 502 061 0.07
250 200 370 277 1.02
250 200 430 283 118
250 200 289 299 088
250 600 234 277 0.63
250 600 270 252 0.59
250 600 236 287 075
250 600 269 297  0.69
250 1000 258 280  0.66
250 1000 222 261 074
400 200 | 444 220
400 200 | 429 230
400 600 461  1.84

400 600 3.8 0.0 880 L4240 454 1.63
400 1000 3. 446 1200 1070 120 434 119

i BUEINBYENENRS 0 12
ARAASASDIVINETAE

: Stirring speed
V,  :Initial solution volume

Vi :Solution volume in liquid phase
Va @ Solution volume in ice phase

C,.  : Solute concentration in liquid phase
Cs' : Solute concentration in ice phase (including ice lining)
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Table B.2 NaCl

C, N, Icelining Time Vo Vo Vs C. Cs'
(%w/w) (rpm) (ml) (h) (ml) (ml) (ml) (%w/w)(%Yw/w)

0.5 200 3 0.86  0.11
0.5 200 3 116 013
0.5 200 3 0.83 0.11
0.5 200 3 0.69  0.05
0.5 600 3 0.65 0.02
0.5 600 0.60  0.04
0.5 600 0.65 0.03
0.5 600 097  0.04
0.5 600 0.79  0.06
0.5 1000 0.57  0.04
0.5 1000 0.57 0.03
0.5 1000 0.60  0.02
b 200 2:13 0.91
P 200 207 033
2.3 600 3.84  0.86
2.5 600 444 045
2.5 600 428 0.75
2.3 600 291 0.56
2.5 1000 &/ 3.07 040
2.5 1000 = 24 2,69  0.60
2.9 1000 525 150.0 133.8 ) 192 272 (34
2.5 1000 §a 250 180g, 157.7 243 273 0.54

100 ];%UH’J%JWWU’W? W s

10.0 60(* 150.0 l&(.)2 21.6 &993 2.95




Table B.3 KCI

Cy N, Icelining Time Vo Vo Vi Ci Cs'
(Y%ow/w) (rpm)  (ml) (h) (ml) (ml) (ml) (%w/w)(%Yw/w)
0.5 200 3 46.6 0.85 0.01
0.5 200 3 42.5 0.79 0.03
0.5 200 42.7 0.79 0.03
05 600 34.0 0.75 0.00
0.5 600 37.0 0.75 0.02
0.5 1000 21.4 0.56 0.00
0.5 1000 29.5 0.56 0.02
2.5 200 4 2 / g 3.33 0.72
25 200 — 1000\ 650% 369 335 0.82
255 200 4 . W44.0 3.59 1302
2.5 200 57.0 3.93 1.23
2.3 600 24.0 3.02 0.25
2.5 600 32.0 3.30 0.44
25 600 32.0 332 0.57
2.5 1000 23.0 2.88 026
25 1000 292 2.79 0.41
2:5 1000 - 4.0 2.97 0.19
25 100083 207—P00—960—3240 3.01 0.28
25 1000 i 2200 291 034
100 200 Eg 0 Ji3ss 1244 427
10.0 1000 3 5.50 150.0 124.6 * 29.4 11.46 1.98
10.0 1000 San 200 2000 1614 416 11.28 3.57
10.0 11.48 3.44

AUEINBNTWEIRS
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Table B.4 CsCl

Cy N, Icelining Time Vo V. | C, Cs'
(Y%w/w) (rpm) (ml) (h) (ml) (ml) (ml) (%w/w) (Yow/w)
0.5 200 0.86 0.01
0.5 200 0.94 0.01
0.5 600 0.76 0.01
2.5 200 3.44 0.23
2.5 200 3.64 0.17
2.5 200 3.79 0.81
25 200 3.58 0.32
2.5 600 3.27 0.19
20 600 4.08 0.51
2.5 600 3.55 0.41
2.5 600 3.58 0.14
10.0 200 13.70  4.89
10.0 200 12.14  4.80
10.0 600 12.78 194
10.0 600 1512 2.83
10.0 600 1178 3358
10.0 1000 | 12.03 2.38
10.0 1000 | 11.73 2.85
10.0 1000 | 5 13.29 1.30
10.0 1000 0.C oM 235 13.09 0385
10.0 1000 ‘} 1:2 120.0 99.0 ¥ 705 1131 1.91

o /
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Table B.5 Ribose

C, N, Icelining Time Vo Vo Ve Ci. Cs'
(%w/w) (rpm)  (ml) (h) (ml) (ml) (ml) (Yow/w)(%w/w)
2.5 200 4.90 0.20
2.5 200 4.20 0.70
2.5 200 3.50 0.90
25 600 2.60 0.10
2.5 600 2.60 0.20
25 1000 2.80 0.20
2 1000 2.70 0.10
5.0 200 6.50 2.50
5.0 600 6.50 2.00
5.0 600 6.70 0.70
5.0 600 6.50 2.00
5.0 1000 6.00 0.60
5.0 1000 5.80 0.70
10.0 200 10.50 4.60
10.0 600 10.70  3.00
10.0 600 10.20  3.50
10.0 1000 - D 270 10.60 1.30
10.0 1000 = -‘—’==;==;;;;=:;;;;;F" 0.0 10.20 3.00
100 1000 %4 300 1050 2.80

|
i¥
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Table B.6 Glucose

C, N, Icelining Time Vo Vo b C. Cs'
(%w/w) (rpm)  (ml) (h) (ml)  (ml) (ml) (%w/w) (Yow/w)

25 200 3.60 1.0
25 200 290  0.60
25 200 350 1.00
25 600 500  0.75
25 600 350  0.40
25 1000 280 025
25 1000 270 0.40
50 200 6.10 220
50 200 6.00  2.70
50 600 7.00  0.90
50 600 650  1.50
50 600 6.50  1.60
50 1000 620 1.50
50 1000 6.50  1.00
50 1000 7.60  0.90
100 200 1250  6.10
100 200 1320 5.50
100 600 | 1500  5.00
10.0 - 1430  4.30
10.0 !B;; : 00" 79.0 14320 1340 350
10.0 1000 138 1300 1110 220 11.70 3.90
10.0 12.60  3.00
m“um V& Vhd P01 kel nso 210
20.0 150, 1100 770 320 22.00 12.00

WWW?@M%?W i

20.0 3 1.23 1100 8.0 220 21 .50 9.50
20.0 lOOO 3 1.37 1200 940 250 22.00 8.40
20.0 1000 3 200 1200 91.0 31.0 2240 8.00
20.0 1000 3 428 110.0 880 240 2250 6.80




Table B.7 Fructose

Co N, Icelining Time Vo Vo Y C. iy
(%w/w) (rpm) (ml) (h) (ml) (ml) (ml) (%w/w)(%Yow/w)
2.5 200 3 59.0 3.50 0.60
2.5 200 3 21.0 2.60 0.10
255 600 63.5 3.70 0.50
2.5 600 18.0 2.80  0.10
2.5 600 200 270  0.10
5.0 200 5.50 1.60
5.0 200 5.20 0.90
5.0 200 5.60 2.30
5.0 200 5.50 2.50
5.0 600 5.20 0.50
5.0 600 5.50  0.60
5.0 600 6.40 1.50
5.0 600 6.70 2.00
5.0 1000 490  0.60
5.0 1000 5.30 0.50
5.0 1000 5.60 0.80
5.0 1000 5.60 1.20
10.0 200 E-——--'-=7?i=i=~"-‘-'i 11.00  5.50
10.0 200 = 12.60  5.60
10.0 m3 - ) . 13.30 2.90
10.0 3.58 120.0 81.0 37.0 13.30 3.90
10.0 37 20 81.0 40.0 13.10 4.50
10.0 ﬁ)ou ’J ng ‘Viﬁg‘w ﬂ’] ﬂg 1430 2.50
10.0 ( | 1330 310
10.0 1000 1.5 1200 A1.0 29.0 gql2.40 3.90

W%\"lﬂiﬁé NN INHIRE o
20 16.00
20. 3 4.55 120.0 93.0 27.0 2540 9.50
20.0 600 3 2.53 120.0 84.0 37.0 26.80 10.90
20.0 600 3 222 1200 720 48.0 27.50 12.50
20.0 1000 3 ST 120.0 88.0 340 2650 8.50
20.0 1000 3 2.07 120.0  99.0 22.0 24.60 9.70
20.0 1000 3 1.50 120.0 103.0 19.0 24.10 10.90
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Table B.8 Sucrose

Cy N, Icelining Time Vo V. Y C. Cs!
(%w/w) (rpm)  (ml) (h) (ml) (ml) (ml) (%w/w) (Y%w/w)
25 200 3 98.0 31.0 3.10 050
25 200 63.0 4.00  0.60
25 600 360 320  0.50
2.5 1000 320 320 020
2.5 1000 70 270  0.10
50 200 440 620 220
50 200 490 6.00 2.60
50 600 6550  9.00  0.90
50 600 | : 41.0 650  1.00
50 600 37 (1% ' 40.0 640  1.50
50 1000 440 650 0.0
50 1000 53.0 730 0.90
50 1000 43.0 690  1.00
10.0 200 40.0 11.70  6.00
10.0 200 3 41.0 1270  5.70
100 600 320 11.90  3.50
100 600 4.0 1350 350
100 600 T+ ,J 0 13.00 1.75
10.0 1000 ™ . 0 11.50 250
100 1000 ﬂ3 . 00 1250 11270 1150 2.60
10.0 1000 438 150.0 1260 240 1150 2.80
20.0 -~ L . He 2250 11.70
20.0 ﬁu fJ ﬂ%]“{fz w;ﬁi’] ﬁs 24.80 11.70
20.0 o 83 70.0 440 280 22.60 13.30
20,0 600 120.0 u . 7.20
Aot ingiag o2
20. 80. ] 40 2230 9.10
20.0 1000 460 1200 93.0 220 2280 6.90
20.0 1000 3 1.85 1200 89.0 31.0 23.00 7.50
20.0 1000 3 122 1000 760 250 2270 8.70

109
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Table B.9 Lactose

Cy N, Icelining Time Vo Vo N CL Cs'
(Y%ow/w) (rpm)  (ml) (h) - (m)  (ml) (ml) (%w/w)(%w/w)

85.0 370 320 0.70
41.0 3,50 o0.10

2.5 200 3
2.5 600 3

2:D 600 390 340 040
2.5 1000 33.0  3.00 0.20
2.5 1000 31.0 3.10 040
5.0 200 30,0 6.10  0.50

21.0 550  0.60
44.0  7.10 1.20
500 750 0.70
360  6.50 030
380 620 240
37.0  6.00 230

5.0 200
5.0 600
5.0 600
5.0 600
5.0 1000
5.0 1000

50 1000 23.0 6.10 1.00
10.0 200 3 420 13.50 5.87
10.0 200 540 12.00 6.60
10.0 600 370 1390 3.50
10.0 600 7.0 14.80  2.70

100 6007 £300 1250 3.70
1.0 1000 V2540 1320 340
10.0 1000 - 3007 93040370 1350 240

10.0 1000 1 60 130.0 97.0  33.0 12.50 3.60

20.0 20.20 6.60
200 éﬁ“u Elz’J W@W S o0 =
1.57 100. O 70.0 30.0 21.70 7.50

600 0L 0 6.30
SnaRNTLIN N ol o

20 0 6. 4. 19.60 11.50
20.0 1000 3 1.07 100.0 76.0 25.0 19.50 11.30
20.0 1000 3 1.00 120.0 103.0 17.0 19.40 7.60




Table B.10 Blue dextran (M.W.=2,000,000)

C N, Icelining Time V, Vo Y Cr. Cs'
(%w/w) (rpm)  (ml) (h)  (m)  (ml)  (ml) (%ww)(%w/w)
0.01 200 3 73.0  37.0 0.014 0.001
0.01 600 3 88.0  33.0 0.013 0.001
0.01 600 3 82.0 38.0 0.014 0.001
0.01 1000 K7 35.0 0.013 0.001
0.01 1000 40.0 0.014 0.001
0.01 1000 31.0  0.013 0.001
0.05 200 50.0  0.084 0.006
0.05 200 40.0 0.072  0.008
0.05 600 45.0 0.079 0.002
0.05 600 43.0 0.074 0.002
0.05 600 48.0  0.080 0.003
0.05 1000 20.0  0.057 0.004
0.05 1000 00 31.0 0.067 0.002
0.05 1000 8. 33.0  0.064 0.003
1 0.25 200 0 47.0 0410 0.048
0.25 200 420 0343  0.059
0.25 600 - 38.0  0.350 0.024
0.25 600+ ';;;‘;;:;;a:;:::;:;i 66.0 0.500 0.016
0.25 600 %4 52.0  0.432  0.018
025 1000 [} 3 077820 11 400 0349 0.013
0.25 1000 3 257 1200 84.0 370 0.335 0.019

0.334  0.011

025 1000 SBew 127 1200 830 6
— I REnNEngs
. = 111U
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Table B.11 Dextran (M.W.=100,000)

Cy N, Icelining Time \7) Y. Y C. Cs'
(Yow/w) (rpm) (ml) (h) (ml) (ml) (ml) (%w/w)(%ow/w)
0.25 200 3.00 46.0 0.261 0.151
0.25 200 3.00 42.0 0.260 0.119
0.25 600 3.00 43.0 0324 0.022
0.25 600 3.00 0.317 0.027
0.25 600 U A 0.350 0.033
0.25 1000 3.00 08 0.265 0.010
0.25 0.297 0.013
0.25 0.306 0.016

N
1000 3.00" 4 '&":."‘
1000 J ' ¢ "". / - “; ‘ kN

AU INENTNYINS
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Table B.12 Dextran (M.W.=9,000)

Co N, Icelining Time Vo V. s Cr. Cs!
(%w/w) (rpm)  (ml) (h) (ml) (ml) (ml) (Y%w/w)(Yow/w)
0.25 200 3.00 41.0 0413 0.018
0.25 200 3.00 27.0 0348 0.043
0.25 600 3.00 320 0399 0.014
025 600  3.00 260 0334 0.015
0.25 600 3.00 0.364 0.011
0.25 1000 0.351 0.018
0.25 1000 0.316 0.023
0.25 1000 0.305 0.035

ﬂ‘HEl’JVIEW]?WEI"Iﬂ’i
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APPENDIX C

CALCULATION EXAMPLE

The data of LiCl from Table B.1 in Appendix B

[ VL Vi C. Cs'

Cy Nr Vi A
Lt / ) (ml) (%wiw) (%w/w)

(Yowlw) (rpm)  (ml)

0.50 200 42.6 0.75 0.11

Calculation example

1. The advance rate of

Following Eq. (3
>

where, 1 08544 ¢ Y

1

HH
|

r is thewiner radius oasamp e vessel; 245 cm

UL (A R
ammnmﬁmmmaa
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2. The effective partition coefficient (K)

Following Eq. (2.4);

K = Cs/Cy,
where, Cs = C8™* Vg !/ Vi

Vs = Vg - Vi
Therefore,

K

AuEINENIneng
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3. The limiting partition coefficient (K¢)

From Fig. 4.5, the linear relationship equation of LiCl at 0.5%(w/w) is

y  =-6.4092x +4.1949.

where, X or (u/N,O'z) =0
y or In[(1/

therefore,

A
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