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ABSTRACT

The formation of ettringite (C AS .32H) in diluted water sus-
pensions was studjed._The solid cgmp nents were taken in mole ra-
tions 1:8:6 (C A.S, CSH, and CS respectively). The reaction rate,
in the first pér%od of ﬁydration, ~ depends on the grapnulometry
of C,A.S. It is independent on the granulometries of CSH, and CH.
Résdlts indicates that the ettringite forms topochemigally,

by heterogenous nucleation, on the active sites of s0lid surfa-
ces,

INTRODUCTION

One of the phases formed in the above system is ettringite-
CghS3. 32H (C = ca0, A = A1,05, § =503, H = H2o), an important
constituent of hydrated rapid hardening cements (ref. 1).

The reactions in the system were reported in several papers
(rer. 2, 3, 4). These studies dealt in most cases with pastes, at
water content comparable to the amount of so0lid components.

Up to now, there exists no unified view upon the mechanism of
ettringite formation, the possible mechanisms were reviewed in
(ref. 5).

In our case the reactions took place in diluted suspensions.
The reactants (C4A3§, CSH, and CH) were taken in stoichiometric
proportion to form ettringite (in mole ratios 1:8:6 respective-
ly). The main emphasis was given on the influence of the granu-
lometry of phases C4A3§, CSH, in the reactions and on the sequen-
ce in which the solid components were introduced into suspensi-
ons.

EXPERIMENTAL

The heat evolution connected to the reactions studied was mea-
sured by a quasi~adiabatic calorimeter (Directhermdm, MOM, Buda-
pest). The weight of solid components that reacted was 6 grams.
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The weight of water was 200 or 300 grems. C4A3§ wes synthesised
from CaCO3, Al(OH)3 and CaSO4.2H20 (all reagents grade) at 1300°C.
Its phase purity was checked by X-ray diffraction. The X-ray dif-
fraction wes used also to determine the phase composition of
hydration products.

Solid components were ball-mjlled and sieved on the individu-
ally specified fractions (in legends to figures).

The degree of saturation of solutions, when tempering suspen-
sions with individual solid reactants, was determined by the
continuous measurement of their conductivity.

RESULTS AND DISCUSSION
The results of the measurements are summarised in(Figs. 1-3).

According to them the following conclusions can be drawn :

1. The particle size of C§H2 does not influence the heat evolu-
tion of the reaction in a significant manner (Fig. 1.).

2. The heat evolution is also independent on the quantity the
reaction surface of CH in suspension (Flg. 2.).

3. The reaction rates depend on the sequence in which s0lid com-
ponents are brought into the liquid phase (Fig. 3.).
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Fig. 1. The heat evolution during the hydratlon of C,A.S
particle size < 0,063_mm) in the suspension of CSH gn& CH
-~ particle size of C§H < 0,063 mm

2 - particle size of CSH2 > 0, ,063 mm

The heat evolution rate is nearly the same when either a mix~-
ture of C-SH2 and C4A3S is brought into saturfted tempered solu-
tion of CH, or when a mixture of CH and C4A3S is brought into the
suspension of CSH2. ifr C4A3S is brought into the common suspen-
sion of C§H2 and CH the rate of the heat evolution is appreciably
lower.
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Fig. 2. The heat evolution during the hydration of CgABS (par-
!

ticle size < 0,063 mm) ag dependent on the guantity CH (the
suspension of CSH, and‘CH
1l - etoichiometrig ratio
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Fig. 3. The heat evolution during the hydration of C ABS par-
ticle size < 0,063 mm) as dependent of the sequence in which the
solid components are bfought into suspension _

1- C4A3§ into tempered suspension of CH and CSH,

2 - C,A3S and CSHzinto tempered suspension of CH

3 - CiA%S and CH°into tempered suspension of CSH2
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To explain the behaviour of the system studied the following ten-
tative inferences are drawn, concerning the possible mechanism
of ettringite formation.

The dissolution rates of C§H2 and CH during the reaction are
not rate limiting factors (Fig. 1 and 2.).

In two csses according to (Fig. 3. /2,3/), in which one of the
solids (C§H2, CH) is brought into suspension, partial precipita-
tion of the second phase (CH, C§H2) takes place.

We hypothesize therefore that the formed nuclei, at their pro-
perly grown up size, serve as the nucleating centres for ettrin-
gite nucleation. Their smaller size (in orders) in comparison to
the rest of particles of solid phases ensures their high concen-
tration in solution.

When the number of nucleating sites is not the rate limiting
factor, the rate of reaction ies controled by the rate of C4A3§.

These results, pertinent to diluted mixed suspensions, indica-
te that the ettringite forms topochemicaly, by heterogeneous nu-
cleation on the active sites of solid phases. The conclusion is
conforn to the ideas on the mechanism of ettringite formation in
cement pastes proposed by Budnikov (ref. 6.). The hypothesis de-
clared is prone, however, to firther testing.

CONCLUSION

The results, which were obtained studying the heat evolution
rate in reactions to form ettringite in diluted water suspensions,
indicate that the rate limiting factor is the availability of ac-
tive sites on the surfaces of solid particles. These serve as
sites at which the nucleation of ettringite take plase.
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