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Mechanism of Solute Incorporation into Ice Phase in Progressive

Freeze-concentration
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Progressive freeze-concentration of dilute sodium chloride solution was carried out to analyze
the effects of the operating conditions of the ice crystal growth rate —(#)— and the stirring rate —(N)-
at the ice-liquid interface on the apparent partition coefficient of solute between ice and liquid

phase —(K)-. K increased with an increase in the combined operation parameter u/N"

%, Under the

similar operating conditions, the ice crystal structure was analyzed with pure water as a sample in
progressive freezing. By using polarized light analysis, dendrite ice-crystal structure, which grew in
the reversed direction of heat flow, was clearly observed. This ice-crystal structure was not observed
under the ordinary light. The mean diameter of the dendrite ice-crystal structure showed a clear
negative correlation with the combined operation parameter #/N®% These results suggest that
the mechanism of the solute incorporation into ice phase in progressive freeze—concentration is its
incorporation in the space between the dendrite ice-crystal structure.
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Fig. 1 A small test apparatus for progressive
freeze-concentration.
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Fig. 2 Method for observation of ice crystal structure formed in

Ice block

Grinding —

Observation

progressive freezing.
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Table 1 Partition coefficient of solute in progressive freeze—
concentration of 0.1 M NaCl solution at various conditions.

Descending speed ~ Stirring rate Ice growth rate Partition coefficient

of vessel [cm/h] N [rpm] # [mm/min] KI[-]
2.0 500 0.283 0.407
2.0 1000 0.250 0.367
0.5 500 0.187 0.325
0.5 1000 0.163 0.165
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Fig. 3 Effect of ice crystal growth rate (# [cm/h]) and stirring

rate (N [rpm]) on solute partition coefficient (K [-]) in
progressive freeze-concentration of 0.1 M NaCl solution.
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Ktk d, & O % 1T - 72558, Fig. 6 12/8§ & 512,
WHEOEIZHB 2 AOMHBEE RW2ZFZ LN TE 2.

Fig. 4 Vertical view of ice crystal structure formed in pure
water frozen at descending speed of the sample vessel at 0.5
cm/h and stirring rate at 1000 rpm in progressive freezing
frozen at —15C.

A. 2.0 cm/h, 500 rpm B. 2.0 cm/h, 1000 rpm

C. 0.5 cm/h, 500 rpm

D. 0.5 cm/h,1000 rpm

Fig. 5 Horizontal view of ice crystal structure formed in pure
water frozen at various operating conditions of descending
speed of the sample vessel and stirring rate in progressive
freezing frozen at —15C.

Table 2 Ice crystal structure size formed in pure water frozen at
various conditions in progressive freezing.

Coolant Descending . Ice growth  Average ice
Stirring rate .
temperature speed of vessel N [rpm] rate crystal size, dp
°C] [em/h] P «[mm/min]  [mm]
—10 0.5 500 0.146 1.65
—10 0.5 1000 0.138 2.14
-10 2.0 500 0.225 1.51
-10 2.0 1000 0.217 1.55
-15 0.5 500 0.237 1.53
—15 0.5 1000 0.188 1.61
—15 2.0 500 0.326 1.12
—15 2.0 1000 0.316 1.22
22 I I I I I I
®
20 —
18 —
< 16 .
14 —
12 —
10 1 1 1 1 1 1
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Fig. 6 Effect of ice crystal growth rate (# [cm/h]) and stirring
rate (N [rpm]) on ice structure size (d, [mm]) formed in
progressive freezing of pure water.
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