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Abstract

This paper presents results of thermochemical and thermokinetic studies of the hydration
of portland cement, alkaline cements with mineral additives and slag alkaline binder. The in-
fluence of the modulus of basicity of the binders on the thermochemical and thermokinetic
characteristics of hydration was estimated.
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Introduction

The use of alkaline cementitious materials of low basicity has been increasing
in recent years, together with that of conventional high-basicity portland ce-
ments. The processes of hardening and formation of new phases in such cemen-
titious materials have in general been well investigated, but the regularities of
heat release, which are of great importance in studies of the hydration mecha-
nism, need more investigations. Thermochemical and thermokinetic charac-
teristics of hydration of alkaline cements have not been determined, and the ten-
dencies to change in the heat release, depending on the basicity, have not been es-
tablished either.

Results and discussion

TFor thorough investigations of the heat release accompanying the hydration
of cements varying in basicity, the special techniques of complex calorimetric
analysis and thermochemical and thermokinetic study have been developed.
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A thermokinetic analysis of hydration was performed with a method of differ-
ential calorimetry, with a liquid (water) to solid ratio of 0.5 and a temperature of
hardening of 20, 40, 60 or 80°C.

A thermochemical evaluation of the heat of hydration was performed with the
use of calorimetry upon dissolution. The heat of dissolution is generally deter-
mined indirectly by calculating the heat capacity of the calorimeter and record-
ing the temperature rise during the process. A special technique for direct mea-
surements of this in a microcalorimeter equipped with a specially designed de-
vice for placing and starting the reactions of reagents, e.g. unhydrated specimens
and specimens hydrated for up to 7 days in a mixture of nitric and hydrofluoric
acids, has been developed by the authors. A solid to liquid ratio of 1/140, a tem-
perature of 25°C, and a duration of the experiment of 30 min were used. The
value of the heat of hydration H; is determined as the difference between the
heats of dissolution of unhydrated, O, and hydrated, Q;, specimens.

Investigations were made on cements (bidners) with a modulus of basicity
(My=[CaO+MgO]/[A,0:+Si0,]) varying between 3.15 and 1.35, inclusive of
portland cement, alkaline cements with tuft and nepheline concentrate, and slag
alkaline binder (Table 1).

Table 1 Cement compositions

Solid ph
No. olid phase Liquid phase
component, % by mass modulus of basicity
1  Portland cement — 100 3.16 water
Portland cement — 50 o .
2 Nepheline concentrate —50 1.80 10% solution of Na,C0,
3 Portland cement =30 1.63 10% solution of NaCl
Slag — 96 o . .
4 portland cement — 4 1.34 42% sotution of Na,0-Si0,

The influence of the basicity of the binders on the heat of hydration was evalu-
ated calorimetrically (Table 2).

The high basicity of portland cement leads in the early stages of hydration to
the formation predominantly of high-basicity hydrosilicates and hydroalumi-
nates, and Ca(OH),. The formation of such compounds, according to thermody-
namic calculations [1], is accompanied by heat effects of considerable intensity.
The heat of hydration is equal to 762 kJ kg™'. The lowering of the basicity of the
solid phases in the binder compositions with tuff and nepheline concentrate upon
mixing with alkali leads to an increasc in the sharc of low-basicity hydrosilicates
and alkaline hydroaluminates of hydronepheline, analcime and hydrosodalite
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Table 2 Heats of dissolution and hydration of the investigated compositions

Unhydrated o/ Hydrated specimens 0/ 1 HY 1
specimens kJ kg™ cement liquid phase kikg”" Kikg
Portland cement

2044 762
(OPC) 2807  Portland cement water
OPC + nepheline 1948 OPC + nepheline Na,CO, solution 1592 356
concentrate concentrate
OPC + tuff 1738 OPC + tuff NaCl solution 1139 599
Slag + OPC 2472 Slag + OPC Na,0-8i0, solution 2220 251

type [2]. The heat effects of their formation are appreciable, like those during the
formation of high-basicity hydrates of portland cement. As a result, the heat of
hydration falls from 762 to 599 and 356 kJ kg™'. Low-basicity hydrosilicates and
alkaline hydroaluminosilicates C—S—H, nepheline, analcime and others are
known to predominate during the hydration of the slag alkaline binders [3], and
their low basicity results in considerably decreased exothermic effects:
H=251kJkg".

Thermochemical data indicate that the heat of hydration decreases in the fol-
lowing sequence: portland cement (762 kJ kg™')> cements with mineral addi-
tives (599 and 356 kJ kg™')> slag alkaline binder (251 kIkg™). A directly propor-
tional relationship beween the basicity of the binders and the heat of hydration is
revealed.

The thermochemical data obtained correlate well with those from thermoki-
netic analysis of the early stages of hydration. The thermokinetic dependences
(d@rdr=f{7)) and O=f(7) (Fig. 1) testify to an appreciable influence of the basicity
of the binders on the rate of heat release and the total heat of hydration under con-
ditions of normal hardening. The value of the first maximum in the rate of heat
release curve, caused by the phenomenon of wetting of the binder with liquid,
was found to vary between 52 W kg™ for portland cement and 2 W kg™ for the
slag alkaline binder. The decrease in the value of the first exothermic effect dur-
ing the hydration of the low-basicity alkaline materials may be attributed to the
levelling of the exothermic effect of wetting with the endothermic effect of dis-
solution. The duration of the induction period increases from 6 h for portland ce-
ment ot 35 h for the slag alkaline binder, due to the increasing duration of hydra-
tion interaction in the low-basicity cementitious compositions. The dependence
‘basicity vs. the value of the second exothermic effect’ in the curve dQ/dt=A1)
follows. This effect may be attributed to new phase formations. The lowering of
the basicity of the binders and hydration products is accompanied by decreases
in the heat effects of the hydration reactions. The values of the main exothermic
effect decreases from 3.2 W kg™' for portland cement to 2.2 W kg™ for the slag
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dQ/dr. W/kg

Fig. 1 Rate of heat release (a) and total heat of hydration (b) during hardening of cementi-
tious materials varying in basicity at 20°C (designations are given in Table 1)

alkaline binder. It is demonstrated that decreasing basicity of the binders is a rea-
son for the decreasing total heat of hydration for 48 h in the following sequence:
portland cement (356 kJ kg™)>cements with mineral additives (272 and
209 kJ kg’1)>slag alkaline binder (125 kJ kg™).

Similar tendencies regarding changes in heat release are observed during in-
crease of the temperature of hardening up to 40—-80°C.

Conclusions

The above findings allowed the following conclusions:

— The lowering of the basicity of the cements/binders resulted in decreases in
the characteristics of the heat of hydration, the rate of heat release and the total
heat of hydration, in the sequence: portland cement>cements with mineral addi-
tives>slag alkaline binder;

— a directly proportional dependence between the thermochemical and ther-
mokinetic characteristics of the hydration of cements/binders and the modulus of
basicity was revealed;

—the data obtained may be used for a better understanding of the mechanism
of hydration of cementitious materials of low basicity, as well as within the
ranges of information on concrete technologies {4] during the selection of ra-
tional concrete formulations and curing regimes.
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