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Abstract—The crystal size distribution in continuous mixed suspension mixed product removal(CMSMPR)
crystallizers is conveniently analyzed by the population balance model as shown in part 1 of this study. This
model, however, presents difficulties when the growth rate is dependent on crystal size. Most of recent studies
indicate the importance of this dependence.

In this part, as an alternative approach, a method based on residence time distribution was extensively
investigated. This method is applicable when not only the growth rate is size dependent but also solid mixing
is imperfect. Experimental data shown in part I was reanalyzed and showed improvements.
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Fig.1. Concentration profile for mass transfer
with growth reaction.
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Fig. 2. Crystal size distribution at steady state.
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Table 1. Input data and empirical correlation
used on computer calculation.
Item Data or Correlation Ref. No.
Volumetric shape factor k, =0.65 7
Equilibrium concentration Cg=—0.1054 In
C 7

(g/em*) (G5 +0.0276) - 0.0204 ™

Growth rate{cm/min) G,=0.007S (13)

Effective nucleation rate B;=3.0Xx10°S (2S+M,} (7]
(# /min.cm?)

Mean residence time (min) r =14. 5min M)
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Table 2. Comparison between experimental and
calculated results at steady state.

M, (g/cm?)
Cin (g/cm?®) r 8770
Exp. Cal. 1* Cal. 2*
0. 1500 0. 0296 0. 0260 0.0274
0. 1600 0. 0368 0.0338 0.0363
0. 1750 0. 0494 0. 0487 0. 0500
) Cal. 1 : calculated by population model with size

independent growth rate.
. calculated by RTD model with size
dependent growth rate

Cal. 2
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NOMENCLATURE

Surface area of crystal [em?]
Nucleation rate [#{min-cm3]
Effective nucleation rate [#/min.cm>]
Solute concentration in supersaturated
solution [g/em®]
Concentration of ethanol in crystal-
lizer [moles/cm 3]
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Solute concentration at interface be-

tween solution and crystal  [g/cm?3]

Solute concentration in feed stream
[g/cm?3)

Equilibrium concentration [g/cm3]

Concentration of water in crystallizer

[moles/cm3]
Diffusivity of solute [cm?/min]
Constant in eq. (8)
Growth rate [cm/min]

Growth rate when L >1L,
Growth rate when L < L,
Nucleation rate order related to S

[cm/min]
[cm/min]

Nucleation rate order related to S
Nucleation rate order related to M |
Surface shape factor

Overall crystal gtowth coefficient
mass transfer coefficient [cm/min]
Proportionality constant for primary
nucleation rate

Rate constant for surface reaction
Volumetric shape factor

Crystal size

Characteristic size at break point

[cm]

[em]

Suspension density [g/cm 3

j th momentum [em’/cm?]

Population density [#/cm-cm 3]
Population density of crystal seed

[#/cm-cm®]

Nuclei population density [ #/cm- em3]

Effective nuclei population density

[#/cm-cm?]
Volumetric flow rate [cma/min}
Supersaturation [g/cm 3
Operating time [min]
Defined in eq. (19) {min]
Residence time of crystal [min]
Volume of crystallizer [cm3]

Mass of solids deposited [g]
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Greek Letters
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S ™ o

10.

1.

12.

13.

14.

15.

Proportionality constant between pii-
mary and secondary nucleation rate

constant

Film thickness [cm]
Real desnity of crystal [g/cm?]
Mean residence time [min]
Defined in eq. (13) [cm]
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