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ABSTRACT 

 

The presence of at least two different forms of Ca(OH)2 is confirmed by the results of a 

thermoanalytical study on the decomposition and re-hydration characteristics of Ca(OH)2. 

The study  comprised  a series of differential scanning calorimetry (DSC) experiments (at 

temperatures up to 700°C) performed in an atmosphere of a continuous flow of nitrogen 

pre-conditioned to various relative humidities ranging from 12 to 100%. The emergence 

of two separate and distinct decomposition endotherms occurred. The endothermic peak 

temperatures were dependent on the relative humidity and temperature history of the 

Ca(OH)2 samples. Exposure of CaO to higher temperatures and different humidities 

would appear to promote the formation of both crystalline and microcrystalline products. 

Under these conditions, higher temperatures give rise to formation of very crystalline 

products and after some time, vapor phase exposure promotes the formation of 

microcrystalline products. Factors affecting the formation of the different forms of 

Ca(OH)2 are described. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Introduction 

 

The emergence of nanoscience applications in cement chemistry is likely to have a 

significant impact on the understanding of classical reactions that occur in the cement-

water system [1]. Ca(OH)2, (cement chemistry notation, CH) is not only a reaction 

product, but it is also an important reactant that can participate in many reactions relevant 

to the durability of cement-based products [2]. Development work involving the use of 

nano-particulate CH has the potential to tailor the formation of engineered C-S-H 

microstructures favorable to high performance. 

Thermoanalytical methods for determining the extent of cement hydration have been 

utilized for decades [3]. The decomposition of CH has been the focus of many studies 

[4]. Generally a single endotherm (in the temperature range, 450-550°C) is detected by 

thermogravimetry (TG), differential thermal analysis (DTA), and differential scanning 

calorimetry (DSC) methods. Two thermal events associated with the decomposition of 

CH have, however, previously been observed. Greene observed these phenomena in 

studies of the hydration of Portland cement [5]. The low temperature peak was attributed 

to chemisorbed water on the surface of free lime particles. The typical 2
nd

 peak was due 

to the decomposition of a more coarsely crystalline CH. Herrick et al. also observed two 

endothermal peaks in their DTA curves for hydrating expansive clinker pastes [6]. A 

metastable CH with cubic morphology was said to decompose at the lower temperature. 

The higher temperature peak was attributed to decomposition of hexagonal CH. 

The authors have demonstrated that different forms of CH with varying degrees of 

crystallinity can be produced through vapor and liquid phase hydration of CaO [7]. The 

vapor phase hydrated CH generally showed a lower thermal decomposition temperature 

and lower degree of crystallinity than the liquid hydrated CH.  

It is apparent that the application of analytical techniques to characterize the nature of 

reactions in systems containing cement-based nanomaterials may yield new spectral 

information and data interpretation. This paper focuses on the factors affecting the 

thermal decomposition of CH of nanoparticle range. Specifically the influence of the 

dehydration and re-hydration environment on the nature of the CH formed and the 

decomposition peak temperatures are investigated. Results of experiments on the 

decomposition of CH in pre-conditioned humidity environments (12-100% RH) are 

reported. 

 

Thermal Decomposition and Crystallinity of CH 

 

Previous work by the authors has demonstrated that the degree of crystallinity of CH is 

related to its decomposition temperature [7]. TG was conducted on CH formed by heating 

CaCO3 for 1 hour at 1050°C followed by hydration in liquid water for 7 days (referred to 

as CH-6) or heating reagent grade CH for 1 hour at 600°C followed by vapor phase 

hydration at 11% RH (referred to as CH-1). Separate decomposition endotherms were 

observed in a derivative form of TG (DTG) for each sample with the vapor phase 

hydration product having the lowest endothermic peak temperature. Mixtures of the two 

samples exhibited doublets in the DTG spectra. The CH that gave the low temperature 



endotherm had a significantly lower degree of crystallinity as determined by XRD 

analysis. Typical DTG curves for the CH mixtures are illustrated in Figure 1. 

 

Experimental 

The materials used in the work reported here are as follows: 

 

Materials 

CH: The CH was produced by calcining reagent grade CaCO3 at 1050°C for 3 hours 

followed by hydration in de-aerated liquid water for 24 hours. This material was used for 

all the experiments reported in this paper. 

CaCO3: The reagent grade CaCO3 was supplied by Fisher Scientific. The BET surface 

area was 2.6 m
2
/g.  

 

Apparatus 

DSC: A Dupont 1090 Thermal Analyzer was used in conjunction with a DSC cell. 

In each experiment 4 mg of sample was placed in a gold pan (sample holder). 

A heating rate of 10°C/min with a nitrogen flow of 100 ml/min was used. The nitrogen 

was preconditioned at different values of RH (12-100%). The apparatus used to condition 

the nitrogen gas for delivery to the DSC cell is shown in Figure 2. The nitrogen is passed 

over a salt solution or water at a predetermined RH. This is followed by flow into a vessel 

equipped with an RH sensor to verify the RH of the carrier gas and through a flow meter 

into the DSC cell. In this work the RH value refers to room temperature equilibrium 

conditions. As the temperature in the DSC cell increases, the saturation vapor pressure 

increases as well. The effective RH would therefore be less.  

    

Test Procedures 

Series I: CH samples were heated in the DSC cell from room temperature to 600°C at 

10°C/min with a nitrogen flow of 100 ml/min preconditioned at different values of RH 

(12, 38, 60, 80 and 100%). Five continuous heating and cooling (to 100°C) cycles were 

performed. 

Series II: CH samples were subjected to heating/cooling cycles as for Series I with the 

exception that the samples were held isothermally for different times (1 min to 22 h) at 

600°C before cooling. All experiments were performed with the preconditioned 

environment at 100% RH.  

Series III: CH samples were subjected to heating/cooling cycles as for Series II except 

that the isothermal temperature was 700°C. Isothermal time ranged from 1 to 60 min. All 

experiments were performed at 100% RH. 

 

 

 

 

 

 

 

 

 



Results and Discussion 

 

The results of the DSC experiments generally confirm the presence of two decomposition 

endotherms for the CH used in this study. The characteristics of the DSC curves are 

described for the various test conditions as follows: 

 

Series I:  

The effect of various RH environments on the decomposition of CH is represented by a 

single endotherm on the 1
st
 heating as shown in Figure 3. As the RH increases, the CH 

decomposes at higher temperatures. It is apparent that the CH can decompose more 

readily in the lower RH environments as the onset of endotherm and peak temperatures 

are reduced..  

The liquid hydrated CH decomposes to CaO, when the temperature increases from room 

temperature to 600°C. The CaO re-hydrates to form CH, when the temperature decreases 

from 600°C to 100°C on cooling. The DSC curves for the 4
th

 heating (after 3 cycles of 

heating and cooling) in various RH environments are typical and are illustrated in Figure 

4. The shift of the curves with the RH observed in Figure 3 is also seen in Figure 4. More 

energy is required to decompose the CH in the higher RH environments. More well-

defined doublets also appear in these higher RH environments. This can be explained by 

examining the 3
rd

 cooling and 4
th

 heating curves for various RH environments shown in 

Figure 5. The DSC curves for the 38% RH and 100% RH environments are shown. The 

peaks on cooling and heating indicate the re-hydration and decomposition of the CH, 

respectively. The CaO starts re-hydrating at 285°C in the 100% RH environments 

whereas it only starts re-hydrating at 235°C in the 38% RH environment. As mentioned 

earlier, the RH values in this work refer to room temperature equilibrium conditions. The 

effective RH in the DSC cell constantly changes while the temperature decreases on 

cooling, that is, the CaO re-hydrates while the effective RH changes. The range of the 

effective RH variation with temperature in the 100% RH cell is much wider than the one 

in the 38% RH cell. The CaO therefore re-hydrates in the wider range of effective RH in 

the 100% RH cell than the 38% RH cell. This might be the reason for the more distinctive 

doublets in the 100% RH environment during decomposition in the 4
th

 heating as 

opposed to those produced in the 38% RH environment. Hydration of a sample produced 

in different RH environments would result in a difference in degree of crystallinity and 

therefore difference in a decomposition temperature. It has been shown by the authors 

that the surface area of CH has no significant influence on the decomposition 

temperature[7].In this work it was demonstrated that ∆G, the change in Gibbs Free 

Energy, for the formation of CH by hydrating CaO is more negative as relative humidity 

increases (i.e. the thermodynamic driving force for the reaction increases).This is 

consistent with the variation in decomposition temperature of CH observed in the DTG 

analysis. Further X-ray evidence (in the form of Williamson-Hall plots) also indicated 

that the CH formed by hydration of CaO at low relative humidities was less ordered.                                      

It is also possible (in practice) that some cements which show dual peaks may have been 

partly hydrated during exposure to moisture , producing CH of different crystallinity. 

 

 

 



Series II: 

The effect of an isothermal hold after heating to 600°C followed by cooling to 100°C and 

reheating to 600°C in a 100% RH environment was investigated. The DSC results are 

plotted in Figure 6. The DSC curves for the 1
st
 heating are shown to the right of the figure 

and illustrated by a single endotherm with a peak temperature occurring at about 435°C. 

To the left of the figure, the DSC curves for the 2
nd

 heating are shown with much lower 

peak temperatures occurring than the 1
st
 heating. The CH that decomposed on the 1

st
 

heating was initially hydrated in the liquid phase whereas the CH that decomposed on the 

2
nd

 heating was hydrated in the DSC cell on cooling, that is, the vapor phase. The 

resulting difference in the decomposition temperature between the CH hydrated in the 

liquid and vapor phase was observed in the previous work by the authors [7]. The DSC 

curves for the 2
nd

 heating also indicate the well-defined doublets appearing for the longer 

isothermal hold. All display two endothermic peaks- low temperature peaks at about 

402°C and high temperature peaks at 420°C. The low temperature peaks increase in 

magnitude with a hold time up to about 5 hours with a slight decrease occurring at 22 

hours. The CaO is calcined while holding isothermally at 600°C. Depending on the 

isothermal holding time, the nature of the CaO as well as the characteristics of the CH on 

re-hydration and subsequent decomposition are changed. 

 

Series III:  

The effect of a higher isothermal temperature (700°C) for a heating-cooling-reheating 

cycle on the thermal decomposition of CH was determined. The DSC curves for samples 

subjected to an isothermal hold (after initially heating CH to 700°C) followed by cooling 

to 100°C and reheating to 700°C in a 100% RH environment are presented in Figure 7. 

The DSC curves all exhibit two separate endotherms with peak temperatures at 402°C 

and 420°C. The magnitude of the smaller peak at 402°C decreased as the isothermal hold 

time at 700°C increased and nearly disappeared at a hold time of 60 min. The magnitude 

of the larger peak at 420°C decreased only slightly with hold time. It appears that the 

increased hold time at 700°C favors the formation of a more crystalline form of CH that 

decomposes at a higher temperature. The microcrystalline form of CH is inhibited from 

forming possibly due to the decreased reactivity of the CaO at the longer hold times. In 

this work, the term “microcrystalline” is used to denote the less ordered arrangement of 

atoms in the crystal structure. This effect is much more pronounced than that observed 

for Series II specimens where the CaO promoting formation of microcrystalline CH 

remained reactive for up to 24 hours. 

 

Conclusions 

 

1. Thermograms for  the decomposition of CH indicate the presence of two distinct 

forms (reflected by two endotherms) when the decomposition and re-hydration 

process occurs in a controlled humidity and CO2 free environment. 

2. The magnitude of both the low and high temperature endothermic peak heights is 

dependent on the relative humidity and temperature in the DSC test environment. 

3. High humidity (in a DSC cell) promotes the hydration and decomposition of 

larger amounts of CH as indicated by the growth of both DSC endotherms. 



4. Higher temperature is conducive to formation of a more crystalline CH product, 

while at the same time, vapor phase hydration promotes formation of a 

microcrystalline product. 

5. The relative magnitude of the low temperature endotherm (reflecting formation 

of microcrystalline CH) is sensitive to heating temperatures in excess of 600°C. 

6. Previously observed doublets (in the temperature range generally associated with 

the decomposition of CH) for DTA traces of hydrating cement systems can be 

explained in terms of the degree of crystallinity of the CH present (rather than the 

particle size or surface area effects). 

       7.   When a cement or C3S exhibits dual peaks it is possible the exposure conditions       

             especially humidity cycles will determine the development of dual CH peaks. 
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igure 1 DTG curves for samples CH-1 and CH-6 and their mixtures with 
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Figure 2 The apparatus to condition the nitrogen gas for delivery to the DSC 

 

cell 
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Figure 3 DSC curves for the 1
st
 heating of CH in various RH environments 
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Figure 4  DSC curves for the 4
th

 heating of CH in various RH environments 
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Figure 5 DSC curves for the 3
rd

 cooling of CaO and 4
th

 heating of CH in a 

38% and 100% RH environment 
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 heating of CH in 100% RH held 

isothermally at 600°C for various times   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 DSC curves for the 2
nd

 heating of CH in 100% RH after holding 

isothermally at 700°C for various times  
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