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We thank Dr. Gartner for his comments [1] on our paper [2]. Our
answers are grouped below in 4 main parts:

1) In his discussion, Dr. Gartner reports that alite should lie in the
category of moderately soluble salts. We agree with him and the report of
the most recent Ksp value of 1.14-10~ 4 by Damidot et al. [3] which actually
places alite in the range of materials which might have a dissolution rate
either controlled by transport (diffusion) or by surface reactions [4].

In our recently submitted article [5] which investigated the
influence of mixing on the early hydration of cementitious systems,
we report that the alite hydration rate is sensitive to mixing when
deionized water is used, whereas this is not the case if the starting
solution is already saturated with lime.

These differences enable us to refine our model by proposing a
transition from transport to surface reactions limited kinetics before
the onset of the acceleratory period. However, these new insights do
not change our position regarding the role of dissolution as a
controlling parameter during the very early hydration but only show
that during the fast dissolution regime (taking place by pitting at
crystallographic defects) the kinetics are limited by the diffusion of the
dissolved ions from the surface to the bulk solution. As the under-
saturation decreases, the concentration gradient between the surface
and the bulk solution diminishes and diffusion does not limit the rate
of dissolution anymore. The rate then becomes limited by surface
reactions, taking place by step retreat at pre-existing roughnesses.

* Corresponding author. Tel.: +41 58 436 42 83.
E-mail address: juilland.patrick@ch.sika.com (P. Juilland).

0008-8846/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.cemconres.2011.01.018

It therefore appears that the rates of dissolution using deionized
water reported in the literature would be strongly dependent on the
experimental conditions. Consequently, it is not surprising that the
rate of dissolution measured in highly agitated dilute suspensions
with pure water would be much higher than for low alite to water
ratios. In the first case ions can quickly move away from the dissolving
surface; whereas in pastes there is a fast build up of ions throughout
the solution, limiting the dissolution rate.

Dr. Gartner also reports in his discussion that the rate stays at a
relatively low value for only a short time (the induction period) except
in cement pastes that are chemically retarded. This is not true in the
case of the annealed experiments presented in Fig. 12 of [2] where the
induction period lasts for several hours without being chemically
retarded. This evidence of the role of the crystallographic defect
density on the kinetics of hydration is not considered by Gartner and is
difficult to interpret with the protective membrane theory.

2) The high undersaturation of —43 calculated in [2] is strongly
dependent of the Ksp value used. In this calculation, we used the value
of 3 proposed almost 40 years ago by Stein [6]. However, if the more
recently reported value of 1.14-10~* is used, this undersaturation
drops to the range of — 33 to — 29 which is relatively close to the value
calculated by Gartner using a free energy approach (—28) [7]. Dr
Gartner also reports that the free energy of solution of — 70 kJ/mol-C3S
leads to an undersaturation of the liquid phase with respect to C3S over
12 orders of magnitude. This is comparable to that for smectite, for
which the undersaturation of the liquid phase at which the dissolution
drastically decreases is on the order of 14 by following the same free
energy approach (— 7 kJ/mol-O [1] and accounting for 12 O atoms). A
very wide range of values are found for natural mineral: including 14
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