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PAREENA PANTARAKS : A STUDY INTO THE MECHANISM OF
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GROWTH RATE DISPERSION/ GRD/ SURFACE ROUGHNESS

The major aim of this work is to obtain the better understanding of growth
rate dispersion (GRD), whereby seemingly identical crystals grow at different rates
under identical conditions. The study investigated; (a) which growth mechanisms
(diffusion and/or surface integration) are responsible for GRD; (b) the causes of GRD
in each mechanism; and (c) whether experimental artifacts affect measurements of
GRD in common research crystallization units.

Investigation of growth and dissolution rates of sucrose crystals under
stagnant and convection conditions in three types of crystallizer including the small-
cell, the pipe-cell, and the 2-L batch crystallizers showed that an artifact of the small-
cell crystallizer appeared to generate GRD of 1.2-1.5 times higher magnitude than the
other two crystallizers under convection conditions. The reason for the artifact is that
in the small cell crystallizer, under convection conditions, different crystals
experience different hydrodynamic conditions in the cell.

It has been shown that there is potential for rate dispersion in both the
diffusion step and the integration step of crystal growth. This was determined by
studying the crystal growth and dissolution rates of sucrose and hexamethylene
tetramine (HMT) crystals. In stagnant conditions the crystal growth of HMT is mass
transfer controlled, whilst the crystal growth of sucrose is partly controlled by the

surface integration step. At very high solution flow the growth of both types of crystal
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is surface integration rate controlled. Both sucrose and HMT displayed significant
growth rate and dissolution rate dispersion, both in stagnant and flow conditions, and
thus dispersion in rate in both mechanisms is evident.

The dispersion in the rates of diffusion in the system is due to differences in
the orientation of crystals with respect to the flow. This is most significant in systems
where the crystal has a fixed orientation, and will be far less significant in suspension
crystallizers, where crystals reorient in the suspension continuously.

The dispersion in the rates of the surface integration step is due to variations
in the surface structure of different crystals in the system. The surface structure of the
crystal, in particular the degree of surface roughness evident on a microscopic scale,
is related to the growth history of the crystal, with crystals having a history of high
growth in high supersaturation environments having a significantly rougher surface
than similar crystals with a more benign history. This phenomenon only occurs at
supersaturations higher than a critical level, which is referred to as the roughening
transition. The roughening transition is dependent on the surface energy of the
crystals, with crystals having a higher surface energy also having a lower roughening

transition.
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