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Continuous crystallizers can exhibit periodic cycles of supersaturation, production rate, susp
concentration, crystal size and related quantities. These cycles are most pronounced at the b
of the crystallization process and depend on the value of kinetic parameters whether they are
during the run time. Apparently, the cycling behaviour of the crystallizing system depends c
value of ratio of the nucleation and growth exponamty The higher the value of this ratio, th
more pronounced is the instability of the system. Admixtures that have a significant effect c
kinetic parameters can dramatically affect the dynamic behaviour of crystallizers so that the
state may not be established at all.

Key words: Crystallization; Crystallizer dynamics; Nucleation; Cycling behaviour; Crystal gro
rate; MSMPR crystallizer.

It has been stated that periodic changes of supersaturation, solid phase content,
size and production rate of a continuous crystallizer can occur and extend over
siderable tim&2% The explanation of this phenomenon is as follows: First, the su
saturation rises and leads to the birth of a large number of nuclei. The surface &
these nuclei is low at the beginning of crystallization and increases slowly so the
nificant desupersaturation due to crystal growth starts with an appreciable time la
drop of the supersaturation results in a decrease in the growth rate of present c
and in nucleation rate, so that due to a continuous withdrawal of the product, the
ber of crystals and their surface area decrease below their steady-state values.
turn, will cause an increase of the supersaturation and thus of the nucleation ra
the result of such a sequence of events is then the occurrence of limit cycles. Evi
the values of kinetic parameters of crystallization must affect the dynamic behavic
the crystallizer and because they are strongly affected by certain adntttines
presence of various impurities may accomplish the crystallization process even ir
a way. The establishment of the steady state may be very slow in some cases,
determination of kinetic parameters using a MSMPR (Mixed Suspension—Mixed
duct Removal) crystallizétmay be sometimes almost impossible for this reason.
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Some of the papers cited above show that the stability limit is given by the val
the nucleation exponemt= 21. This value is unusually high, however, and undam
cycling has been found even with much lower valués addition, the growth rate
plays an important role here, too. The aim of this paper is to investigate the eff
kinetic parameters of nucleation and of growth on the dynamic behaviour of the
tinuous MSMPR crystallizer using the solution of corresponding differential equa
by steps.

THEORETICAL

Let us consider a well-agitated crystallizer with a continuous feed of clear supe
rated solution and with continuous removal of suspension identical with that in the
(MSMPR crystallizer). The crystallizer contains a system consisting of such an ar
of solution or suspension that contains 1 kg of free solventthe solvent that is no
formally attached to the crystallizing substance. The unit time interval applied i
solution of the set of equations is 1 s.

The mathematical model is based on the calculation of the change in supersat
given by the equation

(AW, = A/t = 5= kAW, ~ kAL, (1)

showing that the supersaturation change within the unit time interval is given b
supersaturation rate and the decrease of supersaturation due to the nucleatior
growth of crystals.

The number of crystals born during the unit time interval at tinse

L kAW
O 3apdf

At 2

with initial crystal size equal = Ly = L, Crystals already present in the soluti
grow by the increment

AL = ;;Fimgm 3)

so that the size of crystals in théh fraction isL;, = L, ; + AL, with Ly = Ly. HereL,;
denotes the size of crystals born at timesnd grown until time.

A part of crystals in any fraction is withdrawn as the product so that fastthiaction
(fori =1 toi =1t),
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Ng; = Ng; (1- At /) (4

t

holds, and the total number of crystals in a unit amount of suspension chgheE Nej
The average crystal size is ¢ i=1

L= ()

Surface area of crystals needed for the calculation of crystal growth is
Aci = BNg; ern,t ' (6)
and their mass is
My = 0P Ny Ly @)
The specific production rate of the crystallizer is given by the equation
Pe=mg /. ®)

The whole cycle represented by the equations given above is then repeated for tl
time step: the time is increased by 1 s and the new supersaturation, number of
crystals, crystal size increment, mean crystal size and their mass and surface
well as the specific production rate are calculated using Bds (8) again.

RESULTS AND DISCUSSION

Based on the equations shown in the theoretical part, a series of simulations he
performed using various kinetic parameters of crystallizatignn, kg andg, corre-
sponding to kinetic equations for nucleation rate

B = ky AW (9)
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and that for crystal growth rate

G = kg AW . (10)

Initial conditions correspond to the start with just saturated solutenfort = 0, Aw,
= 0, N.= 0 holds. The standard set of parameters was arbitrarily chosen to be cl
those of typical substancés

kg=0.02 kg 9kgl m2 st
g=1
ky=0.01 kg™ kgrts?
n=3
Ly = 0.0001 m

s=3.33.10%kg kg st 1y

t, = 600 s
a=1
B=6

P.=2000kg n® .

Typical results of simultaneous using this set of constants are plotted in Fig. 1. /
could expect, the maxima of tiev curve correspond to the minima of theand the
maxima of theN, curves andsice versa

In order to show the effect of the kinetic parameters on the dynamics of the MS
crystallizer, the kinetic constants have then been varied within the range of
valueg* ky from 0.00001 to 100 Kg" kgt s7%, n from 1 to 10k from 0.0002 to
0.5 kg9 kg, m2standg from 1 to 2 with remaining parameters corresponding to
standard set listed above.

The effect of the nucleation rate constdgf, on the supersaturatioAy, is depicted
in Fig. 2. It can be seen from this figure that, for intensive nucleation kQigalues),
the crystallizer run is almost stable, at least after elapse of 6 to 10 retention tin
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solution (as the retention tinte= 600 s, the steady state is established after ele
of 3 600-6 000 s). On decreasing the nucleation rate, the periodic cycling continu
very long times. Very similar effect can be seen in Fig. 3 with the time plots o
production rateP in dependence on the nucleation rate constants. It can be seer
Fig. 3 that there is no steady state established for a very long period for low nucl
rates so that no representative sample can be extracted for MSMPR evaluations i
cases.

The values of the nucleation exponemthave been changed from 1 up to 10. T
low values correspond in most ca¥dse secondary nucleation; most frequent valu
are between 3 and 4 but a few substances posses high valnedose to 10. The
results are depicted in Fig. 4. It is apparent from this figure that the higher valoes
the more pronounced is the cycling tendency of the system. With high values
exponentn, the specific production rate (and, of course, also the suspension den:
m,) periodically drop close to zero (see Fig. 4, curvesdS8).
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The effect of the crystal growth raté determined by the values & andg is
depicted in Figs 5 and 6. It can be seen from these figures that the decrease
growth rate constarkg increases the stability of the system but the sensitivity to
parameter is not very high. On the contrary, increase of the value of the growtl
exponeng significantly improves the tendency to quickly achieve the steady state.
latter effect seems to be opposite in comparison with the effect of the nucleation
nentn and, if we compare Fig. P£t plot for various values afi/g) with Fig. 4 -t
plot for corresponding values of), we can make out that similar ratiogy exhibit
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Fic. 3
Specific production rate, P,
plotted as a function of time for
various nucleation rates. Number
of curves correspond to notatior

15000 in Fig. 2

Fc. 4
Specific production rat® plotted
as a function of time for various
values of the nucleation exponer
(n = 1 to 8) and standard set ©
remaining parameters. Number
of curves correspond to the value

of n
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similar effect on the dynamics of the crystallizer: cuvén Fig. 7 shows a rapid
steadying and so does curZein Fig. 4; curves? and 3 in Fig. 7 exhibit a similar
behaviour as curved and 6 (or possibly 5) in Fig. 4, and curvwin Fig. 7 shows
undamped oscillations like curvésto 8 in Fig. 4.

One of our preceding papétslealt with the crystallization of potassium sulfate
the presence of dichromate ions as an admixture. Whereas the metastable zon
measurements and batch experiments could be done with admixture concentrati
to 2 or 2.5 mass %, the MSMPR experiments could be performed with admixture
centrations up to 1% only; at admixture concentration 2%, the susepnsion concen
varied dramatically as observed by naked eye, and the steady state could not be 1
Kinetic data for simulations of the system mentioned are summarised in Tal
The growth rate constant of pure3Q, was taken from the literatideand that for
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TaBLE |

Kinetic data of KSO, crystallization in the presence of20§"

ions

C r207_

kg kn
No. wt.% kg' kgl m2 st 9 kg* " kgt st n
1 0 0.13 2 1.26 .18 9.7
2 1 0.13 2 2.08.10 9.62
3 1 0.08 2 2.08.10 9.62
4 2 0.13 2 8.1b 12.4
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solutions with admixture recalculated using published growth raté>d&tacleation
constants were taken from the metastable zone width measur&mnents

Results of simulation runs are depicted in Fig. 8. It can be seen from this figur:
the steady state with pure potassium sulfate as well as that with admixture conc
tion 1% is reached within the period of 6 times the retention tipye §00 s and the
dependences are stabilized after passage of 3 600 s), but the concentration of
Cr,02 ions calls forth very intensive fluctuations so that steady state cannot k
tained.

CONCLUSIONS

Continuous crystallizers can exhibit periodic cycles of supersaturation, production
suspension concentration, crystal size and related quantities. These cycles are m
nounced at the beginning of the crystallization and depend on the value of kinetic
meters whether they are damped during the run. The rise of the nucleatiol
constantky, has a stabilising effect and the same holds for low nucleation expone
Decrease of the growth rate constdqt, increases the stability of the system, and
steadying effect rises with increasing the exponent of crystal grgw#pparently, the
cycling behaviour of the crystallizing system depends on the value of the ratio c
nucleation and growth exponentf). The higher the value of this ratio, the more pi
nounced is the instability of the system.

Admixtures that have a significant effect on the kinetic parameters can dramat
affect the dynamic behaviour of continuous crystallizers so that the steady stat
not be established.

SYMBOLS

(kgrs denotes kg of free solvent, kg denotes kg of the solute.) The values are related to the
containing 1 kg of free solvent, unit time intervdl = 1 s.

Ac surface area of crystals,?rigid

B nucleation rate, kg kg s*

G crystal growth rate, kg kg s

g growth exponent

ke growth rate constant, kg kg m2 st

Kn nucleation rate constant, kg kgfs® st

L size of crystals, m

Lm average crystal size, m

Ln initial crystal size, m

AL size increment, m

me mass of crystals, kg &

Ne number of crystals, kg

NE: total number of crystals at timewithout product removal, kg
Neit total number of crystals at timeafter product removal, &
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Ne, @) number of crystals born during unit time interval at titnkgid
n nucleation exponent

P specific production rate of crystallizer, kgi#gs ™

s supersaturation rate, kgégs™

t time, s

f) mean retention time of solution in the crystallizer, s
At unit time interval {t = 1 s)

Aw supersaturation, kg kg

a volume shape factor

B surface area shape factor

Pe crystal density, kg m?

Subscripts

c solute, crystals

i i-th interval,i-th fraction of crystals born in time=i
m average value

t at timet

® born at timet
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