1. Karean Soc. Food Nutr., Bhaiod oF 4] gkt |
24 (6], 984~989 (1995}

Progressive Freezinglff 2ist &
SE50 DiRl=s &

SARACHENT 4 B2}

Effects of Freezing Conditions on the Concentration-Efficiency
in the Progressive Freeze-Concentration

Seoung-Kwon Bae
Dept. of Bictechnology & Bicengineering, National Fisheries University of Pusan, Pusan 608-737, Korea

Abstracts

The concentration-efficiency of blue dextran solution in the progressive freeze-concentration was related to
the freezing conditions such as the freezing speed and the stirring speed in the solution phase. From the theo-
retical balance equation of heat and mass transfer at freezing front, the relationship between the freezing con-
ditions and the ice structure at freezing front was derived. A high freeze-concentration efficiency was obtained
under the operating conditions represented by a low speed of freezing and a high speed of stirring. The operating
conditions were related to a smooth solid-liquid interface and these results were well explained by the theo-
retical equation. Effect of the solute component size on the concentration efficiency in the progressive freeze-
concentration was also tested. The concentration efficiency of latex particles showed a lower value than that
of blue dextran, however, its difference was insignificant.
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Fig. 1. Predicted model of ice structure at the freezing front.
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Fig, 2. Schematic diagram of the apparatus for the one-dimen-
sional freezing.
1@ Thermocouple, 2 : Copper plate, 3 1 Cooling pipe,
4 : Heater, 5 : Sensor
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Fig. 3. Changes in the average concentration of blue dextran

at the frozen (F) and the unfrozen (UF} fraction with
freezing time in the progressive freeze-concentra-
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Fig. 4. Effect of coolant temperature on the average concen-
trations of blue dextran at the frozen(F} and unfrozen
(UF) fraction in the progressive freeze-concentration
(frozen / unfrozen ratio : 80 /20, stirring speed : 1000
rpm).
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Fig. 5. Effect of stirring speed on the average concentrations
of blue dextran at the frozen (F) and unfrozen (UF) frac-
tion in the progressive freeze.concentration (frozen/
unfrozen ratic : 80/ 20, coolant temperature 1 — 20° ).
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Fig. 6. Comparison of ice layer thickness betwsen theoreti-
cal () and experimental (O, @) results of blue dextran
solution in the progressive freeze-concentration.

(O 2 nonstirring, @ < stirring speed=1000rpm)
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Table 1. Effects of freezing conditions on the average concen-
tration of latex suspension in the progressive freeze-
concentration

Coolant Freezing ('onuentrahon ratio
remperature time Frozen Unfrozcn o
ea fnin; fraction fraction

20 0.7561 0.9826

-40 40 0.6829 0.9721
70 0.5679 0. 9686

30 0.6800 0. 9667

-20 90 0.5400 1.0000
150 0.5267 1.1867

60 0.7071 (1.9429

=10 120 0.3643 1.1786
240 0.1857 1.5143
T —

Concentration ratio [-]

a 200
Stirring speed [rpm]
Fig. 7. Effect of slirring speed on the average concentrations of
latex particles at the frozen (F} and unfrozen (UF) frac-
tion in the progressive freeze-concentration.

{frozen/unfrozen ratio : 80/20, coolant temperature
:-20°C)

600 1000

Aoz ¥8 Fakalabzt EelEr] A JAAY A
P& w2 YA wbA ol vhlelshe 2oz e,
AP e g e ez latex 1A} aiE.%,] & T} AL
AR o2 A ASE D ukdsle 2= Ao AR
o}

Progressive freezingell 2]} blue dextran 5~ 74] =
latex ol Zje] HelalAgel T RAXE AL Egle]
Fel FAAGD Fxekd] #AE 2EEAG *1"33"?
o Axstgch TEAE glelxe] de] BT Ee]
%2 balance] &2 vl TR AT Abe]of fato] o
A o] 24 & o] Bdle] AFAAS 2R Ay, 5AA

Y Sxot Gyl 240 & FAAPNA L] F2
Edo|5 £RI whE A fell FEA wige] AL
gt A2 450 Helgel AP = 5

rir

f

AR o E35s $49 2 taslel PEY F
A PHERE I P ow], B, o9k Wl
oh 2 @A S MY B4 SAAE] §4HE 24

sl 04 2] Ald=: AR T ol
¥&RI Ay oH e Adhe ol 2T ¢
e sl d FdAE P20} & gTtete AAE
B Jehigiel. =3 g o] 43 Y 4Y A7
BEE FEEA 372 ol lglont HA A
2z o2 e NYsts A7 98+ g

s

i

1. Pfann, W. W. 1 Principles of zone-mclting. f. Metals,
£.747 (1952)

2. Burton, ). A, Prim, R. C. and Slichter, W. P. : The dis-

tribution of solute in crystals grown from the melt. Part

1 . Theoretical. J, Chemn. Phys., 21, 1987 {1953)

Dickinson, 1. D. and Eaborn, C. © Purification of liquids

and low-melting solids by progressive freezing. Chem.

Ind., n.959(1958)

4. Shapiro, J. : Freezing-out, a safe technique for concen-
tration of dilute of solutions. Science, 133, 2063(1961)

5. Horien, A. T. and Glasgow, A. R. : Equipment for single
~crystal growth from the melt suitable for substances
with a low melting point. /. Res. Nat. Bar. Stand.-C, 69,
195(1965}

6. Sloan, G, ). ¢ Studies on the purification of anthracene
: determination and use of segregation coefficients,
Molecul. Cryst., 1, 161 (1966)

7. Morizane, K., Witt, A. F. and Gatos, H. C. 1 impurity dis-
tributions in single crystals. ). Flectrochem. Soc., 113,
51 (1966}

ad



8.

Progressive Freezingsl 28k B3 534 Q191419 539 vale= THZAY) 4%

Mckay, D. L. and Goard, H. W. : Crystal purification
column with cyclic solids movement. | & EC Process
Design Develop., 6, 16(1967)

. Cheng, C. S, Irvin, D. A. and Kyle, B. G. : Normal free-

zing of eutectic forming organic mixtures, AICHE [, 13,
7239 (1967)

. Gouw, T. H. : Normal freezing, In “Frogress in sepa-

ration and purification’ Perry, £ S.(ed.), john Wiley &
Sons, New York, Vol. 1, p.57 (1968)

Atwood, G. R. : Studies in melt crystallization. In “Se-
paration and purification methods " Perry, E. S. and
Oss, C. |. feds.), Marcel Dekker, New York, p.349 (1973}

12

989

Pétschke, J. and Rogge, V. : On the behaviour of fo-
reign particies at an advancing solid-liquid interface. /.
Crys. Growth, 94, 726 (1989)

Bae, 5. K., Miyawaki, O. and Yano, T. : lce structure
size in frozen agar gel analyzed by mercury porosime-
try. Biosci, Biotech, Biochem., 57, 1624{1993)

. Korber, C. and Rau, G. : Interaction of particles and a

moving ice-liquid interface. J. Crys. Growth, 72, 649
(1985}

(19953 9% 6 A )



