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Abstract

The power ultrasound effects, the sonocrystallization kinetics and mechanism are
investigated for cooling crystallization of I-glutamic acid (LGA) from aqueous
solution.

Sonocrystallization experiments involving slow and crash cooling have been
undertaken for the metastable zone width and induction time measurement. LGA
nucleation kinetics was extracted using Nyvlt’s method. The results revealed that
application of ultrasound can effectively narrow the metastable zone width,
significantly reducing the induction time, and accelerate the nucleation rate. The
calculated critical nucleus size and interfacial tension suggested that ultrasound
reduces the nucleation energy barrier to allow crystallization to occur readily. These
effects became more obvious with the increase of ultrasound power.

The pressure upon the collapsing cavitation bubble was calculated along with the
nucleation rate under the collapsing pressure. In order to identify the mechanism, an
approach was developed in the literature for calculating the ultrasound-induced nuclei
number which was employed to establish the inter-relationship between the cavitation
number and nucleation event. Whilst the theoretical calculation did not fully match
the experimental measurement, the total induced nuclei number was found to be
proportional to the cavitation issue; therefore, it still provides a potentially credible
mechanism for illustrating the sonocrystallization process.

Studies on seeded crystal growth in the ultrasound field indicated that the effect of
ultrasound irradiation on LGA growth depends on the supersaturation. The
ultrasound increased the growth rate at low supersaturation, while it appeared to have
no effect at high supersaturation. The corresponding growth mechanism is believed
to be the 2-D nucleation growth. A population balance model was applied for the
seeded growth process to predict the dynamic evolution of the particle size
distributions that are validated by experimental measurements.

The influence of operating conditions on LGA polymorphism was also studied.
Investigation of the ultrasound effect on polymorphism suggested that ultrasound
favours the precipitation of the stable B-form by improving the surface nucleation of
the B-form and hence increasing the transformation rate. The analysis of the LGA
crystals produced proved that the variation of ultrasonic power and insonation interval

can be utilized to manipulate the particle size distribution and crystal morphology.



Notation

Symbols Definition Units
a Activity of the solute -
A A Pre-exponential factor -
ag Detected limit of instrument -
ae Equilibrium activity between liquid and solid phase -
ar, by, ky Shape factor of crystals -
An, Ator Surface area m?
b Cooling rate °Cmin™
B Total cavitation bubbles number in the reactor -
b' Cavitation bubble formation rate m3s™
C Solution concentration gL?
C* Equilibrium concentration gL™
Co Nucleation site on the surface m?
Cinital Initial concentration gL
C. Sound velocity in the liquid ms™*
Crax Maximum allowable supersaturation g
D System-relative nucleation parameter -
d Growth dimension -
Dab Diffusion coefficient m?s™*
dm Molecular diameter m
f Frequency of sound wave Hz
f* Collision factor st
G* Free energy at critical nucleus radius J
Ge, G Growth rate ms*
Gfinal Final Gibbs free energy J
Gyibbs Overall excess free energy J



Symbols Definition Units
Ginital Initial Gibbs free energy J
Gs Surface excess free energy J
Gy Volume excess free energy J
Heaq Adsorption constant -
I Intensity W/m?
J Nucleation rate m3s™
J Average nucleation rate mol™*
Jhet Heterogeneous nucleation rate m3s?t
Jhom Homogeneous nucleation rate m3s?
K The Polytropic index -
Kg The Boltzmann constant JIK
Kg Growth rate constant -
Km Nucleation rate constant -
Ksn, Ksa System-relative nucleation parameter -
L Particle characteristic size m
M Molecular weight gmol™
m Apparent nucleation order -
n Number -
n' Apparent growth order -
n* Molecule number in critical nucleus -
Na Avogadro's number mol™*
Np Nuclei number generated by a single bubble -
Nm Nuclei number -
P Pressure in the cavitation bubble atm
Po Ambient pressure atm
Pa Ultrasound pressure amplitude atm
Pa Acoustic field pressure atm



Symbols Definition Units
Pyg Gas pressure atm
Pm Liquid pressure atm

Pmax Maximum pressure atm
Poutput Ultrasound output power W
Py Vapour pressure atm
R Cavitation bubble radius m
R Acceleration of the cavitation wall m
R Cavity wall velocity ms™
Ro Initial cavitation bubble radius ms™
re Critical nucleus size m
Re Equilibrium bubble radius m
Rm Maximum cavitation bubble radius m
S Supersaturation ratio -
T Temperature °C, K
t Time S
To Ambient temperature °C, K
tind Induction time S

tinsonation Insonation interval s

Tint Initial temperature °C, K
Tmax Maximum undercooling °C, K

tshockwave Shock wave lifetime s
Ve Molecular volume of solid m?

Vcavitation Cavitation volume m?®

Vefrective Effective caviation volume m?®
Vs Partial molecular volume m?
W* Nucleation work Jmol™

yA

Zeldovich factor



Greek letters Definition Units
7 Chemical potential J
y Interfacial tension Jm?
Veffective Effective interfacial tension Jm?
0 Angle °
€ Correlation factor -
o Relative supersaturation ratio -
A Wavenumber -
n Liquid viscosity sm™
T Collapse duration of cavitation bubble S
De Solid density gm>
oL Liquid density gm>
v Growth index -
W Active pre-factor for heterogeneous nucleation -
Total surface energy J

Abbreviation

Definition

LGA
MSZW
FBRM

ATR-FTIR

PXRD
PLS

L-glutamic acid
Metastable zone width

Focused Beam Reflectance Measurement

Attenuated Total Reflectance-Fourier Transform

Infrared
Powder X-Ray Diffraction

Partial Least Square

Vi
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