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Abstract

Sugars are very important industrial and food chemicals. Nearly all sugars have
multiple forms in solution (anomers and tautomers), and these forms interconvert in
solution via an equilibrium reaction called mutarotation. Only one of the forms crystallizes
under a particular condition, for instance glucose monohydrate and anhydrous glucose both
crystallize in the a-D-glucopyranose form, while fructose crystallizes in the PB-D-
fructopyranose form. Since only one form crystallizes from the solution, this form must be
replenished by reaction from the remaining forms, otherwise the driving force for the
crystallization will be rapidly reduced as the concentration of the crystallizing form quickly
decreases. Thus, the mutarotation reaction in the solution may be a rate controlling step in
the crystallization of the significant sugars (with the exception of sucrose, which has no
anomers).

To determine how much effect the ‘mutarotation reaction has on the overall -
crystallization rate of sugars it is neceésary to know the rates and equilibﬁums of the
mutarotation reactions as functions of sugar content in solution and temperature, and the
crystallization kinetics as functions 6f temperature, supersaturation, and crystallization
conditions. This study has investigated the effect of the mutarotation reaction on the
crystallization of sugars, and has pfoduced a model that can be used for the crystallization
of any sugar having different forms in solution. The rates and equilibriums in the
mutarotation reaction of sugars not 'previous discussed in ﬂle literature have been
measured, and these measurements have included both monosaccharides (single ring
sugars) as well as disaccharides (two ring sugars), aldose sugars, and ketose sugars. For the
crystallization kinetics, glucose monohydrate was used as a test case (full determination of
nucleation limits and crystallization kinetics of a single sugar requires a year’s work). The
crystallization kinetics of other common sugars (such as fructose, anhydrous glucose, and
xylose) are already known from the literature. Two models have been produced to
determine the effect of the mutarotation reaction on the overall crystallization rates of
sugars, and both models are suitable for all sugars, however require basic measurements of
crystal growth rates and nucleation rates. The first model is a simpler model and assumes a
point value of the crystal growth rate distribution: it can give qualitative results indicating
whether the mutarotation reaction is significant to the overall crystallization rate. The

second model requires the full crystal growth rate distribution, but then gives an exact



result for the anomer concentrations as a function of time, crystal population densities as a
function of time and crystal size, and the overall rate of crystal formation.

It has been found that the mutarotation rate constants for aldose sugars
(monosaccharides and disaccharides) are significantly lower than those of the ketose sugar,
so that the reaction is more significant for the aldose sugars. The degree with which the
reaction determines the overall crystallization rate also depends on key crystallization
conditions, including the rate of seeding, the crystallization temperature, and initial level of

supersaturation in the crystallizer.





