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Abstract— A unified solution method of pouplation balance equation for a batch and continuous MSMPR crystal-
lizer was presented and a method for taking the volume change of mixing into consideration was developed when the
supersaturation is induced by adding a third component. The volume effect can be very important when the super-
saturatlon becomes very small.

Also, crystallization rate equations were developed which are applicable to both balch and continuous operatior:s.
Comparison of calculated crystal size distributions with experimental ones for NaCl-water-ethanol systems showed
good agreement.
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Fig. 1. Schematic diagram of crystallization
system.
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Fig. 2. Comparison of calculated CSD with expe-
rimental CSD in CMSMPR crystallizer
after startup at 140 min [C=0.175 g NaCl
(cm? solution) Y.
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Table 1. Comparison of calculted number and
weight-weighted average crystal size and
experimental values in CMSMPR and
batch crystallizer
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NOMENCLATURE

B : particle birth function [min™! (cm? slurry)™

B° : nucleation rate [min~' (cm? slurry)™)

C . solute concentration [g solute (cm® slurry)™]

C : solute concentration [g solute (cm? solution)™]

Cg : ethanol concentration [g ethano! (cm®
slurry)™]

Cg : ethanol concentration in feed stream [g
ethanol (cm® solution)™]

C; : solute concentration in feed stream [g
solute (cm? solution)™]

Cyw @ saturated concentration of solute [g solute
{cm® solution)™)

Cy . water concentration [g H,0 (cm® slurry)™]

Cw; @ water concentration in feed stream [g H,0
{cm® solution)™)

AC . supersaturation [g solute (cm® solution)™)

D : particle death function [min™' (cm® solution)™)

G . crystal growth rate [em min™]

k, . growth rate constant [cm(cm® solution)
min™' (g solute)™)

k, . nucleation rate constant [(cm® slurry)?
min™' (g solute)™]

k, : volumetric shape factor

L : crystal size {cm]

L, . arithmatic mean crystal size [cm)

AL : size increment {cm]

M, . suspension density [g solute (cm® slurry)“‘]

AN : number of particles in the size range AL
[(em?® sturryy™]

n : population density of crystal fem™ (cm?
slurry)‘]] B

n(t. 0) : nuclei population density [cm™ (cmy® slurry)™!]

n, - kth population density [em™ (cm® slurry)™!]

Qi © input flow rate of solution [(cm? solution)
min!)

Q, : kth volumetric flow rate [(cm® slurry) min™}

Qo output flow rate of slurry {(cm® slurry)
min™']

t : time [min]

to . initial time [min]

At : time increment [min]

U : ethanol input velocity [cm® min™]

\% . volume of slurry [cm?]

V,  : initial volume of solution [cm?]

4V, . volume increment by input flow [cm®)

AV : volume increment in the crystallizer [cm?]

w : defined by Cp/(Cz+Cy)

w; : crystal weight of each size [g solute (cm®
slurry)™

Greek Letters

a : primary nucleation coefficient [(g solute)?
(em? solution)™! (cm?® slurry) ']

4 : defined by eq. (18)

P : slurry density [g solute {cm?® slurry)™']

. : crystal density [g cm™)

Pin : density of inlet stream [g solute (cm® solu-
tion)™"]

Po : solvent density [g cm™)

Ap . density increment [g solute cm™]

T : mean residence time [min]}

v : defined by eq. (4)
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