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Abstract: The most important phase in cement is tricalcium silicate
which leads during its hydration to the nucleation and growth of
calcium silicate hydrate (referred to C-S-H (CaO)x-SiO,-(H.0)y). The
development of this hydrate around the cement grains is responsible
for the setting and hardening of cement pastes. The general term for
designating the tricalcium silicate in cements is alite. This name relates
to all polymorphs containing various foreign ions inserted in their
structure. These ions may influence the intrinsic reactivity and once
released during the dissolution, they may interact also with C-S-H. The
melt phase during clinkering is rich in aluminium and moreover the
pore solution during hydration contains aluminate ions. For these
reasons, the aluminium is one of the most important ion and one the
most likely to influence the hydration of alite. In order to investigate
these effects, an alite containing 0.1% of aluminium by weight has
been synthesised. Following its hydration and comparing with pure
tricalcium silicate hydration, it has been observed that aluminium
presence increases the delay before reaction acceleration. The ions
concentrations evolution at very early age show the formation of a C-
S-H containing aluminium ions and it has been evidence that this
hydrate does not act as nuclei to C-S-H growth.

1. Introduction

The cement is a material composed mainly of caicgilicate and calcium aluminate
phases [1]. The most important one in terms by ktedgnd reactivity is tricalcium silicate ;E.
Its hydration follows dissolution-precipitation pesses [2,3] leading to the heterogeneous
precipitation of a calcium silicate hydrate referm® C-S-H ((CaQ)SiO-(H;0),) which is
responsible for the setting and hardening of cenpastes [4,5]. Various foreign ions can be
inserted in the tricalcium silicate structure myiti§ its crystallinity p] and giving different
polymorphs depending on ions inserted and on theufaature process. These polymorphs have
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different reactivity and consequently ions insertimight influence the dissolution and/or the
heterogeneous nucleation of C-S-H. One of the filady to be inserted in the alite structure is
the aluminium. It is aimed here to study the aliommninsertion on the early hydration. The Al-
rich alite hydration is compared with pure tricalui silicate hydration in water.

2. Materials and Methods

The GS and the alite, composed of 0.1% of aluminium keyght of alite, used in this
study have both same specific surfaces arourfogtm
The C-S-H was synthesised in water under nitrogersphere, from an appropriate amounts of
lime freshly decarbonated at 1000°C and a finessiét a liquid to solid ratio equal to 50. To
obtain C-A-S-H, 40mg of previously synthesised EtSvas equilibrated during 12 hours in
200ml of a hydrated tricalcium aluminate solutidrhis solution was prepared by hydrating
during 11 days 0.5g of tricalcium aluminate in 50@fmwater.
To monitor the ion concentrations, 13 solution smmvere regularly taken during the very early
CsS hydration realized at liquid to solid ratio eqial250. Those samples were filtrated on a
0.1um porosity filter. Each sample was then tittakéth an ICP-AES VISTA PRO Varian with
axial detection system.
To follow the GS and alite hydration reaction degree of hydrafi@hsome conductimetry
experiments were carried out with continuous meidadustirring under nitrogen atmosphere at
liquid to solid ratio equal to 250 at 25°C. A Tasels CDM210 device with CDC 241-9
Radiometer probe was used here.

3. Results & Discussion
3.1. Comparison of aliteand puretricalcium silicate hydration

On figure 1 are represented the conductivity etams versus time carried out during
hydration in the same conditions of pure tricalcigiticate and alite containing aluminium.
During alite hydration the period during which tbenductivity remains at the same level is
clearly prolonged. The accelerating period, comesing to C-S-H growth, is delayed. In
addition, the level of the conductivity value or tplateau is lower indicating a smaller calcium
hydroxide concentration. As it has been previogslgwn [7, 8] this period is mainly depending
on the C-S-H nucleation, the monitoring of ioniesjes in solution have been performed in both
cases during the first 30 minutes of hydration.

Conductivity (mS/cm)

0 50 100 150 200 250
Time (min)
Figure 1: Evolution over the time of the electrical conductivity during hydration of
tricalcium silicate and alite into pure water, L/S=250.
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3.2. Evolution of concentrations at early age of CsSand Al-doped alite hydration

The evolutions over the time of the ionic speaencentrations in solution during the
hydration of Al-doped alite and purg&into water are plotted figure 2. It can be obséran
initial increase of the calcium, silica and alumimgoncentrations in the very early minutes of
alite hydration due to the anhydrous phase digsolutHowever the calcium and silica
concentrations do not reach the same values thase thbtained in case of pure tricalcium
silicate. This is in agreement with the electriadoctivity evolution of the solution.
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Figure 2: Evolution of concentrations of the calcium, silicate and aluminates ions in
the suspension during the first 30 minutes of hydration of pure tricalcium silicate and
alite in water.

After the initial increase of all ionic speciesedio the dissolution, there is a decrease of
silicon and aluminium concentrations when the calciconcentration stands on a plateau. This
behaviour reveals the precipitation of a calciumnaho-silicate hydrate. Nevertheless the
identification of this precipitate is impossibleavilassical characterisation techniques because the
precipitated substance amount is too small. Thaioksome thermodynamics calculations
performed by PHREEQC software with the maximum eoti@tions reached in solution it is
possible to say that C-S-H are more likely preaipiy. It had been shown that at such
aluminates ions concentration in solution someatiis could be substituted by aluminates in the
C-S-H formed. Those C-S-H are calcium alumino-atks hydrates noted C-A-S-H in cement
chemistry notation. Via a mass balance calculattds,possible to know the stoichiometry of the
C-A-S-H that are precipitating. Using the differenaf Ca/Si between 2min 30s and 30min and
the difference of Al/Si between the same due ddtesan be found that GaAlgosSiH,Ox
precipitates.

This result indicates that the difference of riségt between GS and alite in our case is
due to aluminate ions passing into solution as smoalite is in contact with water. This induces
the precipitation of C-A-S-H which seems to notdiie to grow and accelerate the hydration as
C-S-H does. To verify this hypothesis seeding erpemts of alite hydration have been made
with both C-S-H and C-A-S-H.

3.3. Effect of seeding on alite hydration

Seeding a pure &S suspension more or less concentrated with sye#te<-S-H
strongly accelerates its hydration. This experinigmeported orfigure 3 in the case of a diluted
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suspension in water; 50.3@ of C-S-H are added and the acceleration occurgeitiately when

it only occurs 40 minutes later without adding G4SOn the contrary, the addition of the same
amount of C-A-S-H does not shorten at all the dedaisting before the acceleration of the
hydration. It is clear that C-A-S-H do not play ttede of surface of growth for new C-S-H as C-
S-H itself does. The difference of growth ability 6-A-S-H and C-S-H has already been
reported [9].

— Alite
< Alite seeded with C-S-H

Conductivity (mS/cm)

—- Alite seeded with C-A-S-H

0 T T T T 1
0 50 150 200

Timel(on(%in)
Figure 3. Evolution of electrical conductivity during the hydration of alite in water and
alite seeded with C-S-H and C-A-S-H (L/S=250).

4, Conclusion

Comparatively to pure 4§ hydration in water, alite containing aluminiumdhgtion
shows a longer delay before the acceleration ocdurs experiments described here prove that
the delay before hydration acceleration is linkedhe aluminium which passes into solution at
the early beginning. Due to aluminates in solutiBr-S-H precipitates instead of C-S-H those
first nuclei do not grow and do not act has a supfoo growth as the pure C-S-H does.
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