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Hydration kinetics of calcium sulphate hemihydrate—a comment
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Hand [1] has cited a work of mine [2] on the hydration of

calcium sulphate hemihydrate as by Taplin, D., whereas my

name is Taplin, John Hubert. The index of reaction [3] was

left to be determined for crystal growth because theory

predicts 1/3 for diffusion control, 2/3 for a single crop of

nuclei and 3/4 for continued nucleation. Hand considered

my 1965 equation but not my 1973 versions [4], which

allow for the possibility that the rate of precipitation of

gypsum depends on the supersaturation squared, and that

the rate of dissolution of hemihydrate depends on under-

saturation squared. Beretka and van der Trouw [5] fitted

various equations to one plaster and found that my 1965

equation was the best fit for that plaster. He did not test my

1973 equations.

The equation of Ridge can be seen as an approximation

to my 1965 equation

dF=dt ¼ ghFxð1� FÞy=½gFx þ hð1� FÞy� ð1Þ
For my control plaster, x=0.8, y=1.3, g=0.14 (min�1),

h=0.94 (min�1), the denominator of Eq. (1) then decreases

monotonically with F, that if it is ignored, we should increase

x and decrease y slightly. Hence, dF/dt=kFx(1�F)y, with x=1,

y=2/3 or y=1, is a plausible approximation. Similar approx-

imations hold for the relevant equation for rate dependence

on concentration difference squared, with x and y both

slightly increased from those found fitting Eq. (1). Fitting

equations in the integrated form is insensitive to changes in x

and y. The product equation of Beretka and van der Trouw

[5] is Eq. (1) with g=h and x=y=1.
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As shown previously [4], the Avrami equation, when

applied to the hydration of hemihydrate, has a term 1�bF

replacing 1�F, where b decreases from unity with increas-

ing water–plaster ratio. This is because the gypsum does not

occupy all the space, and the extent of crystal-to-crystal

contact depends on the water content.

If, as is widely believed, the setting of plaster is, at first,

largely controlled by the rate of gypsum growth and, later,

largelyby the dissolutionof hemihydrate, thenweneedkinetic

and particle/crystal size data that are good enough to deter-

mine the two rate constants and the (at least) two geometric

parameters for the two phases. Single parameter equations tell

us nothing about the relative rates of the two processes.

Information about the relative rate constants for dissolution

and crystal growth is in the position of the rate maximum. It is

also amost useful statistic for distinguishing betweenmodels.
References

[1] R.J. Hand, Hydration kinetics of calcium sulphate hemihydrate—a

comparison of models, Cem. Concr. Res. 24 (5) (1994) 885–895.

[2] J.H. Taplin, Hydration kinetics of calcium sulphate hemihydrate, Na-

ture 205 (1965) 864–866.

[3] J.H. Taplin, Index of Reaction – A Unifying Concept for the Reaction

Kinetics of Powders, J. Amer. Ceramic Soc. 57 (1974) 140–143.

[4] J.H. Taplin, Kinetic models for the setting of plaster of Paris, J. Appl.

Chem. Biotechnol. 23 (1973) 349–355.

[5] J. Beretka, J.W. van der Trouw, Hydration kinetics of calcium sulphate

hemihydrate: a comparison of models, J. Chem. Technol. Biotechnol.

44 (1989) 19–30.


	Hydration kinetics of calcium sulphate hemihydrate-a comment
	References


