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Observation and Analysis of Liquid-liquid Phase Separation and Crystallization Processes
of Water/Ethanol/Butylparaben by an Evaporation Technique
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Liquid-liquid phase separation (LLPS) that occurs during crystallization is problematic because it has various
adverse effects. In this study, water/ethanol/butylparaben solutions were evaporated and the phase change process was
observed under an optical microscope to investigate the effects of initial composition and evaporation rate on the
solution morphology. It was found that LLPS could be avoided by selecting an initial composition such that the
evaporation path does not pass through the LLPS region. It was also found that the probability of LLPS occurrence, the
size of the dispersed phase, and the final morphology of the crystals differ depending on how the evaporation path
crosses the LLPS region. Furthermore, when the evaporation pathway passed near the boundary of the LLPS region, if
the evaporation rate was high, even if LLPS occurred, the crystals returned to one phase during crystallization and
crystallization could be carried out as usual. Thus, we obtained non-equilibrium-specific findings that are not indicated

by the phase diagram alone.
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Fig. 1 Molecular structure of butylparaben
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Fig.2 Phase diagram at 20°C and initial composition

Table 1 Initial composition

Butylparaben Ethanol Water
Sample name
[wt%] [wt%] [wt%]
(A) 30 67 3
(B) 30 60 10
© 30 45 25
(@) Solution Slide glass
(b) Tape  Solution  Slide glass

I |

Fig. 3 Solution evaporation method (a) 10 pL, 20 pL (b) 100 pL.
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Fig. 4 Predicted evaporation path. (a) Initial composition A (b) Initial composition B (c) Initial composition C
Table 2 Properties used to calculate evaporation pathways 900
@ 800 I
Molecular mass Saturated vapor —
Substance L
[g/mol] pressure [kPa] N 700
E
Water 18.01 23 Z 600
Ethanol 46.07 5.8 g 500
Buty]| 194.2 - A
utylparaben 94.23 E 400
2. 300 I
=
o 200
£
= 100
0
10 uL 20 uL 100 uL

Fig. 5 Morphological change of solution at initial composition A.
(a) Nucleation from solution (b) Crystal growth

COEBRIIBITHEBEAEDIISDETH S, 220HIZ
BIRZEDOARY—ETH 5 WIHDOAIE B % Fig. 8 12
R o Fig. 8 OB L VAT LA TH 5. HEH 5
LLPS %46 % 0, (Fig. 8 (a)) TOHRMIAEL, WHN

Vol. 62 No.1 (2025)

Fig. 6 Time required to crystallize in each volume of solution of
initial composition A
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Fig. 7 Number of nucleation in each volume of solution of initial
composition A
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Fig.8 Droplet evaporation process. (a) LLPS occurrence from the
interface. (b) Progression of LLPS
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Fig. 9 Probability of LLPS occurrence in each volume of solution
of initial composition B
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Fig. 10 Crystallization under LLPS at initial composition B. (a) Appearance of dispersed phases. (b)
Growth of dispersed phases. (c) Crystallization. (d) Growth mechanism of dispersed phases.
(e) Crystal growth process

(@) (b) (©)
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Fig. 11 Crystallization after returning to one phase at initial composition B. (a) Appearance of
dispersed phases. (b) Disappearance of dispersed phases. (c) Crystallization
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Fig. 12 Probability of returning to one phase after LLPS in each
volume of solution of initial composition B
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Fig. 13 Morphological change of solution at initial composition C. (a) Appearance of dispersed
phases. (b) Growth of dispersed phases. (c) Crystallization. (d) Crystal growth process
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Fig. 17 Time required to crystallize in each volume of solution of
initial composition B
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Nomenclature
J,, @ evaporation mass flux [kg/(m?s)] Pv : vapor pressure of gas phase [Pa]
M : molecular mass [kg/mol] a  : evaporation coefficient [-]
R : gas constant [J/(mol-K)] P; : Saturated vapor pressure of pure component [ [Pa]
T, : solution temperature [K] RH : relative humidity [%]
T, : steam temperature [K] x; : Molar fraction of component i [-]
P, : saturated vapor pressure of solution [Pa] x’; : Mass fraction of component i [-]
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