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ARTICLE INFO ABSTRACT

Keywords: The effect of ultrasound on the kinetics of anti-solvent crystallization of sucrose was studied. The influence of

Ultrasound temperature, stirring rate, supersaturation and ultrasonic power on the anti-solvent crystallization of sucrose was

iéimsed ) investigated. The relationship between infrared spectral characteristic band of sucrose and supersaturation was
modae.

determined with an online reaction analyzer. The crystal size distribution of sucrose was detected by a laser
particle-size analyzer. Ultrasound accelerated the crystallization process, and had no impact on the crystal shape.
Abegg, Stevens and Larson model was fitted to the experimental data, and the results were the following: At
298.15 K, the average size of crystals was 133.8 pm and nucleation rate was 4.87 x 10° m>.s~! without ul-
trasound. In an ultrasonic field, the average size was 80.5 pm, and nucleation rate was 1.18 x 10'' m 3.5 L.
Ultrasound significantly reduced the average size of crystals and improved the nucleation rate. It was observed
that the crystal size decreased with the increase of stirring rate in silent environment. When the stirring rate
increased from 250 to 400 rpm, the average size decreased from 173.0 to 132.9 pm. However, the stirring rate
had no significant impact on the crystal size in the ultrasonic field. In addition, the activation energy of anti-
solvent crystallization of sucrose was decreased, and the kinetic constant of nucleation rate was increased due
to the effect of ultrasound. In the ultrasonic field, the activation energy was reduced from 20422.5 to 790.5
J ~m01’1, and the kinetic constant was increased from 9.76 x 102 to 8.38 x 10°.

Crystallization kinetics

of potash alum crystals in silent environment as well as in the ultrasonic

1. Introduction field. It was proved that the value of kinetic parameter g of crystal
growth in the ultrasonic field was smaller than that in silent environ-

Sucrose crystallization is vital for sugar production. The methods and ment, but it was always superior to 1. Vera et al. [13] investigated the
applications of sucrose crystallization are the key of scholars’ research effect of ultrasound on the anti-solvent crystallization of a-glycine. The
[1-4]. The crystallization can be affected by seed, temperature, addi- de-supersaturation rate was increased due to the influence of ultra-
tives or impurities, stirring rate and ultrasound [5-9]. The general sound, resulting in a higher nucleation rate, a higher growth rate or
methods of sucrose crystallization are seeding and natural crystalliza- both. The crystallization time was only 40 min in the ultrasonic field.
tion. However, there are also many disadvantages such as long crystal- However, the crystallization time needed 120 min in silent environment.
lization time and large energy loss. Anti-solvent crystallization can Khaire and Gogate [14,15] understood the effect of different ultrasonic
overcome these limitations and provide better choices. Meanwhile, reactors on the recovery of lactose using crystallization, and proposed a
other auxiliary means such as ultrasound were used in industry to new method to improve the recovery of lactose in whey based on
intensify the crystallization process, because it can further reduce sol- different pretreatment technologies. The references showed that the
vent consumption and control crystal size. ultrasonic bath had higher crystallization recovery than the ultrasonic
The application of ultrasound in the crystallization process has horn in the laboratory scale. In the large system, the dual-frequency
received extensive attention in recent years, and was regarded as an ultrasonic reactor was proved to have higher lactose recovery.
important factor affecting nucleation. Ultrasound can accelerated the Compared with thermal and ultrasonic pretreatments, thermosonication
crystallization process, and change the crystal shape [10]. In supersat- pretreatment had the maximum lactose recovery. Gajendragadkar and
urated crystallization, ultrasound can improve the nucleation rate and Gogate [16] found that the purity and recovery of lactose were increased
control the growth of crystals [11]. Amara et al. [12] studied the growth in a relatively short time due to the presence of ultrasound. In the
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Nomenclature L crystal size (m)
T temperature (K)
b ASL model parameters (—) n population density (m™*H
B° nucleation rate (m~>-s™1) K, volume shape factor (—)
kg kinetic constant of nucleation rate (—) 14 volume (m®)
i order of supersaturation level (—) t time (s)
j order of suspension density (—) AL; width of the i-th particle size interval (m)
l order of stirring rate () L; average particle size of the i-th particle size interval (m)
G overall linear growth rate (m-s™) Y actual solubility of sucrose in pure water at a certain
G° growth rate of nuclei (ASL model) (m-s™hH temperature (gsucmse.gwater'l)
g order of growth rate (—) Y, saturation solubility of sucrose at the same temperature
kg overall growth rate constant (—) (Zsucrose Bwater 1)
AS supersaturation level (—)
Mr suspension density of solution (kg-m~%) Greek letters
N, stirring rate (rpm) 7 ASL model parameters (—)
E, activation energy (J-mol 1) 14 crystal density (kg-m )
R gas mole constant (J-mol *-K™1) T residence time (s)
2 3
L (] =
(] =
b—— = =

l
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Fig. 1. Schematic graph of experimental devices: (1) electric stirrer, (2) online reaction analyzer, (3) multi-frequency ultrasonic apparatus, (4) thermo-

static equipment.

Table 1
Solubility of sucrose in pure water at different temperatures.
T (K) Solubility (gsucrose*Gwater 1)
298.15 2.094
302.15 2.158
306.15 2.229
310.15 2.307

ultrasonic bath, the purity of lactose was increased with the increase of
frequency, but the recovery was decreased. Nalajala et al. [17] showed
that the convective properties in the medium were the key factors
affecting the nucleation and growth rates, and further affected the
crystal size distribution (CSD). Compared with the CSD of mechanical

stirring system, the main crystal size of ultrasonic crystallization system
was smaller, but the span of CSD was larger. Devos et al. [18] studied the
nucleation kinetics of primary, secondary and ultrasound-induced
paracetamol in stirred microvials, and proved that the nucleation ki-
netics was affected due to the introduction of ultrasound in the crys-
tallization process. In the absence of stirring rate, ultrasound-induced
nucleation can effectively replace seeding. Ramisetty et al. [19] estab-
lished the kinetics of anti-solvent crystallization of benzoic acid by
measuring the change of crystal size with time. It was observed that the
parameters of the nucleation and growth rates were of great significance
in the modeling of anti-solvent crystallization. Sayan et al. [20] calcu-
lated the kinetics of crystallization of potassium dihydrogen phosphate
in continuous crystallization system by Abegg, Stevens and Larson (ASL)
model, and found that ultrasound significantly improved the nucleation
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Fig. 2. Relationship between infrared spectral characteristic band (H) and su-
persaturation (S) (T = 298.15 K).

rate of the system. Hatkar et al. [21] investigated the effect of ultrasound
on anti-solvent crystallization of salicylic acid, and proved that the exact
time of application of ultrasound altered the average particle size of
crystals and significantly affected the agglomeration of crystals. In the
overview of studies, the positive role of ultrasound in solution crystal-
lization was described, but the research direction was mainly focused on
the crystal size, induction time and so on. The effect of ultrasound on
crystallization kinetics and activation energy of sucrose was lacking
clearly establishing the novelty of the current work.

The author found that the nucleation rate was higher and the crys-
tallization time was shorter in the ultrasonic field than that in silent
environment. Under the same conditions, the crystals in the ultrasonic
field may be broken, resulting in the measurement error of CSD. So it
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©

0.lmm
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was difficult to compare the CSD in the same time. In order to overcome
these difficulties, the relationship between infrared spectral character-
istic band of sucrose and supersaturation was determined with an online
reaction analyzer. Under the same condition of supersaturation level,
the kinetics of anti-solvent crystallization of sucrose was studied in silent
and ultrasonic environments. The ASL model was used to clarify the
effect of ultrasound on population density, nucleation and growth rates.

2. Materials and methods
2.1. Materials

The sucrose was provided by Fengtang Biochemical Co., Ltd
(Guangxi, China), and its quality was grade one. Anhydrous ethanol
(Analytical Pure) was purchased from Kelong Chemical Co., Ltd
(Chengdu, China). Glycerol (Analytical Pure) was purchased from
Xilong Science Co., Ltd (China). Sucrose ester (SE-15) was purchased
from Wanbang Industrial Co., Ltd (Guangxi, China).

2.2. Methods

2.2.1. Experimental devices and methods of anti-solvent crystallization of
sucrose

The experimental setup was shown in Fig. 1. The experiments were
performed in a jacketed vessel of 500 mL. The supersaturated solution of
sucrose at different temperatures was prepared by Table 1. At
363.15-373.15 K, sucrose was completely dissolved in pure water (75
g). Then, the sucrose solution was cooled to experimental temperature to
obtain a supersaturated solution. Sucrose solution (197.6 g) was poured
into the jacketed vessel and then the anti-solvent (79 g ethanol, 15.8 g
glycerol and 0.04 g sucrose ester) was added. Experiments were con-
ducted at four different temperatures (T), four different stirring rates
(Np), five different supersaturations (S) and four different ultrasonic
powers (W). Electric stirrer (Zhengzhou Yuxiang Equipment, S312-120

(bIGR >

'0. lmm

(d)

Fig. 3. Shape and population density of sucrose crystals (T = 306.15 K, N, = 350 rpm, S = 1.3, P = 108 W, t; = 16 min).
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Fig. 4. Effect of temperature on the crystallization time (N, = 300 rpm, S =
1.3, AS= 0.816, P = 108 W, t; = 16 min).
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Fig. 5. Population density graph of sucrose crystallization (N, = 300 rpm, S =
1.3, AS= 0.816).

Table 2

ASL model parameters for sucrose crystallization without ultrasound at different
temperatures.

T (K) In n° y b
298.15 39.7 0.00547 —3.03
302.15 39.2 0.00446 -3.71
306.15 39.2 0.00475 -3.23
310.15 39.4 0.00538 —2.80

Notes: S = 1.3, N, = 300 rpm, AS= 0.816

W) was used to produce different stirring rates. Temperature control in
the vessel was achieved by a thermostatic equipment (Changzhou
Henglong Instrument, HH-601). Online reaction analyzer (Mettler-
Toledo, React IR702L) was used to control the supersaturation level.
Multi-frequency ultrasonic apparatus (Nanjing Shunliu Instrument, SL-
650SD) was used to produce different ultrasonic powers. Anti-solvent
and sucrose solution should be mixed before turning on the ultrasound
and timing. The frequency of the equipment was 30 kHz, and the ul-
trasonic mode was set to turn on for 1 s and turn off for 1 s. The ultra-
sonic time (tp) was set to 16 min. The ultrasonic energy was introduced
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Fig. 6. Effect of temperature on average size (N, = 300 rpm, S = 1.3, AS=
0.816, P = 108 W, tp = 16 min).

into the crystallization system by a conical ultrasonic generator with a
diameter of 10 mm.

2.2.2. Measurement of supersaturation level

At 298.15 K, different supersaturated solutions (197.6 g) and anti-
solvent were added to the beaker. When sucrose solution was
completely mixed with anti-solvent, the relationship between infrared
spectral characteristic band (H) at 990 cm ! and supersaturation (S) was
determined with an online reaction analyzer. The relationship was
shown in Fig. 2. The fitting curve was determined with the specific
mathematical model. The reason was that the results of general linear
fitting deviated greatly from the experimental results, while the fitting
curve using specific mathematical model was the closest to the experi-
mental results. The kinetic model established by Sayan [20] was
generally replaced by the growth rate due to the difficulty of measuring
the supersaturation level. In the present work, the model was simplified
and the supersaturation level was calculated accurately due to the
establishment of the fitting curve.

2.2.3. Observation of sucrose crystals
During the crystallization process, two drops of the solution were
withdrawn and dispersed on a glass slide every five minutes. The shape

and quantity of crystals were observed and taken by Leica system (DM
2000).

2.2.4. Measurement of CSD

The timing was stopped when the H value was reduced to 0.24 or
stopped decreasing. The solution of 5 mL was filtered and then dried.
The sucrose sample was dispersed in absolute ethanol. The mixture was
added to a cuvette. The crystal size distribution (CSD) of sucrose was

determined with a laser particle-size analyzer (Liaoning Instrument,
GSL-1010).

3. Model formulation
The nucleation rate (B) is the number of new particles formed per
unit time per unit volume of solution [20]. It is affected from super-

saturation level (AS), suspension density (Mt) and stirring rate (Np).

Under condition of supersaturation, these effects can be given below:

B=k ~ L asn @
= kpexp( — o ™,

where S = Ylo, Y is the actual solubility of sucrose in pure water at a
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Fig. 8. Effect of stirring rate on average size (T = 306.15 K, S = 1.3, AS=
0.816, P = 108 W, tp = 16 min).

certain temperature, Yy is the saturation solubility of sucrose at the same
temperature. After formation of stable nuclei, they begin to grow into
visible crystals. Two steps in mass deposition process are suggested.
These are the diffusion from bulk of the solution to crystal surface and
the reaction on the crystal surface. The overall growth rate (G) is the rate
of change of the crystal size (L) with time and is expressed as [22]:
dL
G =— = kgAS* 2
oK @
The number of crystals corresponding to the particle size L is called
the population density (n). The population density can be expressed as:

B=n'G (5)

and the kinetic orders i, j and I can be determined from Eq. (1). If the
growth rate is size dependent, researchers have proposed many models
such as the Bramson and Canning-Randolph models, etc. However, the
ASL model has a wide range of adaptability, and Abegg, Stevens and
Larson suggested that the size-dependent growth rate could be described
as follows:

G(L)=G (1+yL) (6)

where G° is the growth rate of the crystal nucleus, y and b are parame-
ters. Combining Eq. (6) with Eq. (3), the equation of population density
can be obtained:

(1 +}/L)I—[7

n=n (1+ }/L)fbe)cp[l — - ] @

Eq. (7) can be rewritten as:
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wherey = Z-.In this case, the nucleation rate can be determined using

the following equation:

B =nG 9
Based on the CSD of sucrose obtained in 2.2.4, the population den-
sities of sucrose crystals in different particle sizes are given by the

following equation:

M,

no=— 10)

KL AL,
where w is the volume fraction of the i-th particle size interval, Mt is the
suspension density of solution, Ky is the volume shape factor, p is the
crystal density, AL; is the width of the i-th particle size interval, and L; is
the average particle size of the i-th particle size interval.
Volume shape factor can be given as:

V'g - Vz
=— 11

Vi an

Ky

where V; is the volume of sucrose crystals of a given mass, Vs is the

volume of anhydrous ethanol, and V3 is the mixing volume of sucrose
crystals and absolute ethanol.

4. Results and discussion

4.1. Effect of ultrasound on the population density and crystal size

Fig. 3a and b illustrated the shape and population density of sucrose
crystals when the crystallization time was 20 min. Fewer hexagonal
sucrose crystals were observed in silent environment compared with the
ultrasonic environment. Ultrasound had no impact on the crystal shape,
which was similar to the results obtained by Singh [23]. Fig. 3c and
d showed the shape and population density of sucrose crystals under the
same condition of supersaturation level. The crystal size was smaller in
the ultrasonic field than that in silent environment. So ultrasound
shortened the crystallization time and reduced the crystal size. Kim et al.
[24] also believed that ultrasound shortened the induction time by
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improving the micro-scale mixing and turbulence caused by acoustic
cavitation. With the decrease of induction time, the crystals appeared
faster. Therefore, the number of crystals generated was increased and
the crystal size was decreased.

4.2. Effect of temperature

The effect of temperature on the crystallization time was shown in
Fig. 4. It can be seen that Fig. 4a and b represented crystallization time in
silent and ultrasonic environments. The crystallization time was short-
ened with the increase of temperature. The reason may be that the
molecules had high mobility and energy at high temperatures [25],
resulting in faster nucleation rate and lower crystallization time. The
population density at different temperatures was shown in Fig. 5. The
results of population density indicated a deviation from linearity, and
roughly showed a downward trend. Similar behaviors in population
density were observed for all of the applied ultrasonic power degrees. So
the AL law cannot be used for data analysis. In this paper, the ASL model
was used to calculate the population density, and Eq. (8) was fitted to
the data of population density to obtain the model parameters y, n° and
b. It can be seen from Table 2 that all the b values were minus, meaning
the growth rate increased with the increase of volume [20].

The effect of temperature on the average size was shown in Fig. 6.
The average size was 133.8 pm at 298.15 K, 138.4 pm at 302.15 K,
146.8 pm at 306.15 K and 146.2 pm at 310.15 K in silent environment,
while the average size was 67.2 pm at 298.15 K, 78.3 pm at 302.15 K,
82.7 pm at 306.15 K and 80.5 pm at 310.15 K in the ultrasonic field. The
results showed that the average size was increased with the increase of
temperature. Increasing temperature was conducive to the growth of
crystals, and improved the growth rate. At 310.15 K, the average size no
longer increased and tended to be stable.

The effect of temperature on the nucleation and growth rates was
shown in Fig. 7. It was observed that Fig. 7a and b showed the nucleation
and growth rates in silent environment, while those in the ultrasonic
environment were shown in Fig. 7c and d. It was clearly seen that the
nucleation and growth rates were increased due to the increase of
temperature. For the same initial supersaturation in the solutions, higher
temperatures also resulted in a lower solution viscosity which led to a
higher molecular diffusion rate, consequently, accelerating the reaction
rate [26]. At 298.15-306.15 K, the ultrasonic field had a minor effect on
the nucleation rate. The effect was provoked at above 310.15 K.

4.3. Effect of stirring rate

The effect of stirring rate on the average size was shown in Fig. 8. The
average size was 173.0 pm at 250 rpm, 146.8 pm at 300 rpm, 140.1 pm
at 350 rpm and 132.9 pm at 400 rpm in silent environment. It can be
seen that the stirring rate had a significant impact on the average size.
The average size was reduced with the increase of stirring rate. The
reason may be that lower stirring rate can reduce the nucleation and
promote the formation of large nuclei [21]. However, the average size
was 78.7 pm at 250 rpm, 82.7 pm at 300 rpm, 82.8 pm at 350 rpm and
79.6 pm at 400 rpm in the ultrasonic field. It was illustrated that the
stirring rate had minor effect on the average size in the ultrasonic field,
but the average size was smaller in the ultrasonic environment than that
in silent environment. Prasad and Dalvi [27] believed that cavitation
generated by ultrasound in the solution enhanced the micro-mixing,
resulting in the increase of mass transfer rate and uniform supersatu-
ration. Therefore, the nucleation rate was increased and the particle size
was reduced.

The effect of stirring rate on the nucleation and growth rates was
shown in Fig. 9. It can be seen that Fig. 9a and b showed the nucleation
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Table 3 Table 4
Experimental data of anti-solvent crystallization of sucrose. Kinetic parameters of anti-solvent crystallization of sucrose.
T (K) AS My Np B x 100 (m s Inkg E, i j [ Prob > F
(kg-m~%) (epm) 1 (J-mol™Y)

306.15  0.649  215.88 300 0.97 Without 6.9 204425 1.84 168 244 313 x
306.15  0.749  309.34 300 2.42 ultrasound 107
306.15  0.908 355 300 2.29 With ultrasound 20.5 790.5 541 0120 095 1.16x
306.15 1.035  402.8 300 8.20 10713

Without 306.15  1.204 421.4 300 13.4 ) -

ultrasound 306.15 0.816  339.66 250 3.72 Notes: P =108 W, to = 16 min.

306.15 0.816  329.42 300 4.87
306.15  0.816  287.24 350 5.19 growth rate was decreased. The nucleation and growth rates in the ul-
306.15 0816 307.1 400 B.a4 trasonic field were shown in Fig. 9¢ and d. The nucleation rate was
298.15 0.816  323.16 300 3.87 & ¢ ’
302.15 0.816  300.14 300 3.34 decreased and the growth rate was increased at 250-350 rpm. The
306.15 0.816  329.42 300 4.87 reason may be that when the stirring rate was low, the anti-solvent and
31015  0.816  290.5 300 5.79 sucrose solution were not completely mixed in a short time, resulting in
306.15 0.649  308.38 300 140 an increase probability of local supersaturation [19]. In the ultrasonic
306.15  0.809  326.56 300 35.7 field, the crystal nucleus was rapidly generated, resulting in the increase
30615  0.935  395.82 300 118.4 of nucleation rate and the decrease of growth rate. When the stirring rate
806.15  1.083  422.32 300 272.2 reached 400 rpm, the influence on mass transfer was increased, and the
306.15 1.225  455.78 300 965.6 . . . . .

With ultrasound 30615 0.816  353.34 250 121.6 nucleation rate was accelerated. During the experiment, increasing the
306.15 0.816  333.48 300 117.9 stirring rate beyond 400 rpm was not feasible in the present setup as it
306.15  0.816  330.58 350 106.3 may lead to splashing of the liquid onto the reactor walls giving prob-
306.15 0816  362.98 400 161.1 lems in the overall crystallization operation and possibly errors in the
298.15 0.816  326.22 300 112.6 measurements
302.15 0.816  338.2 300 113.9 )
306.15 0.816  333.48 300 117.9
310.15 0.816  354.86 300 183.0 4.4. Effect of supersaturation of solution

Notes: P = 108 W, to = 16 min.

and growth rates in silent environment. The mass transfer efficiency and
nucleation rate were increased with the increase of stirring rate. The
number of crystals generated per unit time was increased, and the

The effect of supersaturation on the crystallization time was shown
in Fig. 10. It was observed that Fig. 10a and b represented crystallization
time in silent and ultrasonic environments. The crystallization time was
reduced with the increase of supersaturation. Sheikh et al. [7] found that
reduction in crystallization time was due to the increase in the
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supersaturation level at constant temperature and stirring rate. Fig. 11
showed the effect of supersaturation on nucleation and growth rates. It
can be seen that Fig. 11a and b showed the nucleation and growth rates
in silent environment, while those in the ultrasonic environment were
shown in Fig. 11c and d. The experimental results showed that the
nucleation rate increased and the growth rate firstly increased and then
decreased due to the increase of supersaturation. Higher concentrations
of solution should produce a higher supersaturation level upon the
mixing with the anti-solvent, and as a result, rate of nucleation increased
[21]. Meanwhile, a large number of sucrose crystals were formed per
unit time due to the increase of nucleation rate, which caused difficulty
in the growth of the crystals and decrease in the growth rate of the
crystals.

4.5. Effect of ultrasonic power

The effect of ultrasonic power on the nucleation and growth rates
was shown in Fig. 12. When the ultrasonic power reached 72 W, the
nucleation rate reached a maximum, which was 2.897 x 10" m=3.s71
while the growth rate reached a minimum, which was 5.175 x 1078
m-s~ L. The observed increase of nucleation rate can be attributed to the
cavitation effects including turbulence, higher heat and good mass
transfer, leading to an increase in nucleation rate [16]. It was found that
when the ultrasonic power exceeded 72 W, the nucleation rate was
reduced and the growth rate was increased. The reason may be that high
viscosity of sucrose solution weakened the cavitation effects.

3>

4.6. Kinetics of anti-solvent crystallization of sucrose

The experimental data were shown in Table 3. According to the
analysis, the nucleation rate was increased more than 14 times in the
ultrasonic field. In order to simplify the calculations, the Eq. (1) was
changed to:

. E,
InB" = Inkg + (—R—;) +ilnAS + jinMy + lInNp (12)

After fitting the Eq. (12) to data in Table 3, the kinetic parameters kg,
E,, i, j and | were obtained. The fitting results were shown in Table 4.

As it can be clearly seen from Table 4, the kinetic constant (kg) was
larger in the ultrasonic field than that in silent environment. The kg
value reflected the collision frequency of sucrose molecules. The larger
kg value, the higher the collision frequency of sucrose molecules. A lot of
bubbles were produced when ultrasound was applied to a liquid. When
the bubble collapsed, the internal environment of the crystallization
reaction system may change, which may cause the change of kg. Ultra-
sound can promote crystallization by increasing the collision frequency
[28]. The calculation results showed that the activation energy of anti-
solvent crystallization of sucrose was low in the ultrasonic field. Singh
et al. [23] found that the activation energy of sucrose crystallization was
estimated to be 21.0 kJ-mol ! in the ultrasonic field. Ouiazzane et al. [5]
found that the activation energy of sucrose crystallization was estimated
to be 46.5 kJ-mol ! in silent environment. Therefore, combined with the
experimental results, ultrasound can reduce the activation energy.
Compared with the silent environment, the larger i value in the ultra-
sonic field showed that ultrasound can effectively promote nucleation
and shorten the crystallization time in a lower supersaturated environ-
ment [29]. In the ultrasonic field, the suspension density had a minor
effect on nucleation rate, and the j value was smaller. The smaller I value
indicated that ultrasound can effectively enhance the mass transfer ca-
pacity and weaken the influence of stirring rate on the mass transfer.

5. Conclusion
In the present work, the effects of temperature, stirring rate, super-

saturation and ultrasonic power on the anti-solvent crystallization of
sucrose were investigated, and the kinetics of anti-solvent crystallization

Ultrasonics Sonochemistry 82 (2022) 105886

of sucrose was further studied. It should be emphasized that the shape of
sucrose crystals was irrelevant with the ultrasonic field. Under different
typical conditions, the distributions of population density of sucrose
crystals were similar. Based on the experimental data, the ASL model
was used to calculate the values of n°, y, b, G° and B°. All the b values
were minus, indicating that the growth rates of sucrose crystals were
related to their sizes. In the ultrasonic field, the nucleation rate of anti-
solvent crystallization of sucrose was increased. At 298.15-306.15 K,
the ultrasonic field had a minor effect on the nucleation rate. The effect
was provoked at above 310.15 K. In silent environment, the nucleation
rate was increased with the increase of stirring rate. In the ultrasonic
field, the stirring rate of 400 rpm had a significant impact on the
nucleation rate. The nucleation rate increased with the increase of su-
persaturation, while the growth rate firstly increased and then
decreased. When the ultrasonic power reached 72 W, the nucleation rate
reached a maximum while growth rate reached a minimum. The results
of kinetics of anti-solvent crystallization of sucrose showed that the ki-
netic constant (kg) was increased and activation energy (E,) was reduced
due to the introduction of ultrasound.
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