
NORTHWEST SCIENCU

Rate of Crystallization of Calcium Fluoride
ANDR,EW VAN HOOI(

I)epariment of Chemical Engineering, University of lilaho, Moscow, Ialaho

Jensen' has pl'esented very complete
data on the rate of crystallization of
calcium lluoride, but unfortunately has
not analysed his data from the point of
view ol reaction kinetics. Though it is
apparent that Jensen's primary concern
was not the determination of the order
cI this reaction, it was thought desir-
able to analyse his data kinetically, in
keeping with Mellor's plea" that chem
i51s be not deterled from considering
the simplifying kinetics of reaction be-
cause of casual mathematical difJicul
ties.

Upon applying the various tests for
order of reaction 10 Jensen's data, there
is no question that the crystallization
of CaFr is bimolecular, in terms of the
supersaturation, in the later stages.

This region corresponds to the period

ot growth of the crystal nucle| The
lormation of these nuclei in unseeded
solutions is reflected as an induction
period in the rate curves, and it has
been found that a first order equation
accounts best lor this portion oJ the
curve.

On this basis the rate of desupersatu
r,ition due to seed formation will be

-ds' : k,s-E

and concurrently these seeds grow to
further deplete the concentration ac'
cording to

-ds' - k.nS'.-at

The total rate of adjustrnent is:

dS : ds' J ds,: k,S + k.ns'
?T- Tr dt

The number of seeds lormed (n) is
larger, the greater the degree ol super
saturation above a certain concentra_

tion, conesponding to Ostwald s super
sclubilityj and we can set (n) approxr-
mately proport ional to S; whence:

jE : k'S+k,(k.']-k.s)S" : (a+bS+cS')S
dt

The solution of this diflerential equa-
tion has the form:

Aln S' -Bln.d+es: t+const..
a+bs+cs' f+es

which cumbe$ome form robs it of fur
ther utility in the anatysis. It does not
exhibit directly any convenient inflec-
tion point and therelore is not useful in
calculating the inductiot period. This
can be approximated by solving the
fjrst and second order equations sjmul
taneously lor their point of intersecuon.
The resu-lt is:

ln(Si+const.) : -bt1+const.'

This expression is as good as Jensens
empir jcal equation to describe the in-
duction period in terms of the pK of
the solution. Better agreement is ob
tained by throwing the original soluuon
into polar lorm and rotating to disptay
a maximum corresponding to the ter,
minus of the induction period.

This complexity and cumbersome
manipulation will not be given in detail
in this place. The conclusion conlirmed
is, that the precipitation ol CaF" from
supersaturated solutions is a simple
combination of unimolecular and bi,
molecular reacl ionsi corresponding to
nuclei gFneral jon and growth rcspec-
t ively.
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