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Rela t ions a re derived fo r the c o n t i n u o u s perfectly mixed crystall izer in which the effect of the 
not-negl igible size of initial crystals a n d the effect of s econda ry nuc lea t ion on the m e a n size of 
p r o d u c t crystals a re respected. In the l imit ing case (p r imary nuclea t ion , negligible size of initial 
crystals) the der ived re la t ions can be simplified t o the ear l ier publ i shed equa t ions . 

In several of our recent publications1 ~3 , the relations were derived which were describ-
ing the behaviour of the perfectly mixed continuous crystallizer in the steady state. 
For derivation of these relations two limiting assumptions were made: considered 
was only the primary (heterogeneous) nucleation or the secondary nucleation which 
was the result of the boundary layer mechanism i.e. the mechanism of contact nuclea-
tion and micro-abrasion was neglected and it was also assumed for mathematical 
simplification that the size of initial crystals4 was negligible in comparison with the 
mean size of product crystals. As we have observed in certain number of practical 
applications these assumptions are not satisfied and therefore the design equations 
are derived here without these limitations. 

Derivation is based on the balance of crystals populat ion density. The population 
density is defined as n = (diV/dL)d L^0 and for the continuously mixed crystallizer, 
at the assumption of validity of the McCabe AL — law, has been derived1 •3'!> 
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n = n° exp ( - f / f , ) . W 

For the over-all mass of crystals can be written 

m, c nagcL3 d L = n°Lotgc ( L n + Lr) 3 exp {—tjtj) d t 
J o P) 

= 6aeC77°(LrJ)4 (1 + z N + z~/2 + Z3/6) , 

where zN = LN/(LR,). If 

1 + zN + :5 /2 + 6 = / ( z N ) , P ) 
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then for the population density of initial crystals holds 

n° = mc[6agc(Lt i)* f(zN)~]~1 . (4) 

For the nucleation rate hold the relations N = (<3N/<9L)l^Ln . (cLjdt) = n°L, and 
also mN = CCQcL^N. Since simultaneously holds MC = mc//, we can write 

mN = m c L S / [ 6 ( ^ ) 3 / ( * N ) ] = >V-N/[6/'(--N)] . (5) 

Linear growth rate can be easily calculated from the mean size of crystals 

L—{L— LN)/3rx . (6) 

Similarly as the mass of crystals (2), also their surface area and number can be calcu-
lated 

(7) 

00 /•OC 

/4C = nfll} dL = fin°L (Ln + Lr)2 exp ( - r / r j d f = 
J L N J O 

= 2/?n°(Lf1)3 (1 + zN + z2/2) 

/»oo PCO 
Nc = n dL — n°L exp ( - f / r , ) df = n°Ltl . (8) 

J N Jo 

On combining Eqs (7) and (2) it results 

0me (I + zN + z 2 / 2 ) z N A„ = 
3agcLN (l + zN + z2J2 + z3 /6) 

= /?m czN / (3^ cLN) . [1 - z3 / (6/(zN))] . (9) 

For continuous crystallizer the balance it must hold 

mc = mN + mG . (/O) 

Individual steps can be expressed by Eqs 

mN = A\vn , (/7) 

where c = 0 is valid for the primary nucleation rate and mechanism of the boundary 
layer for the secondary nucleation, c = 1 for secondary nucleation which is due to 
interactions crystals-stirrer or crystals-walls and c = 2 for secondary nucleation which 
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is due to interactions crystal-crystal6 and 

mG = kGAc Awg = kGAc{mNlkNmlY'n . (12) 

On substitution of Eqs (5), (9) and (12) into the balance equation (10) and after an 
arrangement the relation is obtained 

(1 /zN)1 + 3«/n . / (zN)g / n = (6_ g / n kG/])l(3zQcLNkt) . mc
1_C8/n . m f - 1 (73) 

which can be further arranged by the use of Eq. zN = 3Ln/(L — LN) to the final form 

[(L - LN)/LN]1 + 3g/n . / (zN) g / n = 3B . ml
c~cs,n . ml'"'1 , (14) 

where 

B = 4-58/n kGPl(3aQckfl"LN) , (15a) 

B - 4-5g/n Lmfnl(m%nLN), (15 b) 

is the system kinetic constant characterizing the crystallization rate which can be 
back calculated from Eq. (14), or determined by calculation from the laboratory 
kinetic constants (15a), or finally by use of Eq. (15b) from data on product crystals 
size distribution on basis of relations (5) and (6). The dependence y = ((L— LN)j 
lLNy+3*'nf(zN)efn is plotted in Fig. 1. 

Eq. (14) respects both the size of the smallest initial crystals in the product and the 
possible mechanical interactions leading to secondary nucleation. It is reduced for the 
case c = 0 and LN to the re la t ions 1 - 3 derived earlier. Exponents gjn and c 

io3 104 y 5.10" 
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can be obtained from the model experiments performed at different feed rates of 
the solution having the same concentration (determination of gjn) or at a constant 
feed rate of solutions with differing concentration of the crystallizing component 
(determination of c). 

LIST OF S Y M B O L S 

In dimensions kg0 denotes kg of free solvent. 

Ac surface area of crystals (m2 /kg0) 
B system constant defined by Eq. (15) ( k g - g / n kgg

0
/n s g / n _ 1 ) 

c exponent of the effect of concentration of suspension on secondary nucleation 
g exponent in kinetic equation for the crystal growth 
kc rate constant of growth (kg1 ~g kg^_ 1 s ~ 1 m - 2 ) 

rate constant of nucleation (kg1 k g Q + c _ 1 s~ 
L size of crystals (m) 
L mean size of crystals (m) 
LN size of inital crystals (m) 
L linear growth rate (m/s) 
mc mass of crystals (kg/kg0) 
mc mass crystallization rate (kg kg^"1 s~ 1) 
mG mass rate of growth (kg kg^ 1 s ~ 1) 
wN mass nucleation rate (kg kg^" 1 s ~ 1) 
n exponent in the kinetic equation of nucleation 
n population density of crystals (kg^ 1 m _ 1 ) 
iv population density of initial crystals (kgQ 1 m~ 1) 
Nc number of crystals (kg0

 r) 
N numerical nucleation rate (kg^"1 s _ l ) 
t time (s) 

mean residence time of solution (s) 
w concentration (kg/kg0) 
Aw supersaturation (kg/kg0) 

dimensionless size of initial crystals 
« volume shape factor 
P surface area shape factor 
£?c density of crystals (kg/m3) 
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