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                                                      ABSTRACT 

Different forms of Ca(OH)2 with varying degrees of  crystallinity and surface area were 
prepared using Ca(OH)2 and CaCO3 as starting materials.They were decomposed and the 
hydrated CaO formed at different conditions.   The nitrogen surface area values of 
Ca(OH)2 ranged from 3.7 to 31.1 m2/g. The presence of two separate and distinct thermal 
decomposition events (in DTG) was observed, depending on the degree of crystallinity.  

Endotherms occurred at temperatures of about 426 and 454°C. Binary mixtures of 
Ca(OH)2 with substantially different degrees of crystallinity exhibited a well defined 
thermal decomposition doublet. The peak height of each endotherm was dependent on the 
mass proportions of each mixture component. Factors, including thermodynamic 
considerations, affecting the character of the decomposition behavior of Ca(OH)2 are 
discussed. 
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Introduction 

 
Calcium hydroxide (CH) forms a significant fraction of the volume occupied by the 
products formed by the hydration of the silicate components of the cement. The range of 
CH contents in well-cured Portland cement pastes has been reported to vary from 15 to 
25% (ignited weight basis)1. It has been suggested that the presence of nanometer-scale 
CH is, at the most, limited in amount 2. There appears to be no evidence for the presence 
of amorphous or cryptocrystalline CH (except in paste formed at low water-solid ratios) 
in cement pastes. 
The role of CH in cement-based materials is multifaceted. It is a reactant in many 
reactions that impact the durability of cement paste and concrete3. These include 
chemical resistance, alkali-aggregate reactions, leaching, efflorescence and, for 
example,chemical processes related to sulfate attack and carbonation. Calcium hydroxide, 
however, provides protection against the corrosion of steel in concrete and protects the C-
S-H phase. The engineering properties of CH itself are similar to those of the C-S-H4. For 
example, the fracture mechanics parameter, Kc (the critical stress intensity factor), for C-
S-H and mixtures of C-S-H and CH increases co-linearly with the polymer/dimer ratio of 
the C-S-H. The CH can also have a significant influence on the hydration chemistry of 
cement systems containing pozzolans and reactions involving cement minerals 
themselves e.g. C3A and AFt phases5. 
The above commentary underscores the importance of analytical techniques for 
identification and quantification of this important component of cement and concrete 
products. Monitoring of the thermal decomposition of CH in cement pastes by DTA, 
DSC and TG methods enables its estimation6-9. Factors that affect the character of the 
decomposition events in any of the related spectra are of importance to cement chemistry. 
Greene reported on the double character of the peaks (DTA curves of Portland cement 

hydrated for various lengths of time) in the vicinity of 500°C10. He suggested the 
possibility that the first endotherm in this region represented chemisorbed water held on 
the surface of free lime particles.The second larger peak was attributed to the more 
coarsely crystalline calcium hydroxide formed by precipitation from solution. Herrick et 
al. reported the presence of a doublet (for a similar temperature range) in their DTA 
traces of hydrating expansive clinker pastes11. The lower temperature peak was attributed 
to the presence of metastable cubic CH pseudomorphs. Slow decomposition to the 
hexagonal form of CH accounted for the second higher temperature peak.It was thought 
that the doublet could be due to the existence of CH of different surface areas. 
The results of a systematic study designed to investigate the synthesis of high surface 
area nanoparticulate CH and the nature of its thermal decomposition are reported in this 

paper. The nature of the thermal decomposition doublet (in the 500°C range) is described. 
High surface area CH is important in the context of nanoscience as it relates to cement 
chemistry.  
 



Experimental 

 
Materials 
CaO: Calcium oxide was prepared as described in Table 1.  
Ca(OH)2: Eight different samples of Ca(OH)2 were prepared. The procedures are 
described in Table 2.  
LiCl and NaCl: These reagent grade salts were used to prepare saturated solutions for 
humidity control, LiCl (11%RH) and NaCl (75%RH). The former was supplied by Fisher 
Scientific, New Jersey. USA and the latter by E.M. Darmstadt Germany. 
 
 
TG/DSC 
The TG and DSC measurements were obtained using a simultaneous DSC-TG 

instrument-a TA Instruments SDT-Q600 Thermal Analyzer. A heating rate of 10°C/min 

(room temperature to 1050°C) in a nitrogen gas environment (100 mL/min) was 
employed. Results for TG are plotted in a derivative form (DTG).Results from DSC 
measurements (heat flow data) were used for heat capacity calculations. 
XRD 

X-ray diffraction measurements were taken using a Scintag XDS 2000 instrument. CuKα 
radiation (45KV, 35mA) was used. The scan rate was 0.025 degrees/sec. The spectra 

were obtained in the interval 5°<2θ< 85°. 
 
BET 
Nitrogen surface area measurements were obtained with a Quantachrome Quantasorb 

Sorption System. Samples were dried using a heating mantle at 140°C for 10 minutes 
prior to the measurements. The surface area values are provided in Table 3. 
 
 
Results and Discussion 

 

The study was initiated to investigate methods of preparation of high surface area CH and 
the characteristics of its thermal decomposition. 
The DTG results for samples CH-1 and CH-2 and their mixtures with different 
proportions are presented in Figure 1. The decomposition peaks for the single component 

samples occur at 426°C for CH-1 and 454°C for CH-2.  Well-defined doublets appear for 
the blended samples consistent with the variation in content of each sample. The sample 
CH-2, liquid-hydrated, has a significantly higher decomposition temperature than the 
vapor-hydrated CH-1. The series of DTG results for CH-1 and CH-6 show similar trends 
(see Figure 2). There are two separate and distinct thermal decomposition endotherms for 
the two samples. The CH-2 and CH-6 samples have similar decomposition characteristics 
despite the large difference in surface area (31.1 compared to 7.3 m2/g). Both  these 
samples were produced by liquid hydration. The vapour-hydrated CH-1 preparation (20.1 
m2/g) had the lowest decomposition temperature. The high surface area samples (CH-1 
and CH-2) have a lower average particle size than the low surface area sample (CH-6), 
(see SEM micrographs, Figure 3). The effect of vapour hydration at high humidity 
(75%RH) as opposed to low humidity (11%RH) was also evaluated. Hydration of CaO 



produced by decomposition of calcium hydroxide at 600°C was accelerated at 75%RH. 
The reaction (as determined by TGA) went to completion in 3 hours. The DTG results for 
mixtures of this reaction product, CH-3, and the high surface area material, CH-2, display 
the characteristic doublets described above, Figure 4. Mixtures of the reagent grade 
calcium hydroxide, CH-4, and CH-2 also produce doublets in the DTG plots (not shown). 
The difference in the peak decomposition temperature of these samples is not as 
pronounced as that between CH-1 and CH-2. 
Factors affecting the decomposition temperature of CH are discussed as follows: 
 
Particle Size and Crystallinity: 
 
It might be expected that decomposition temperature would be dependent on particle size 
i.e. the lower the particle size the lower the temperature of decomposition.This is the case 
for particles of  pyrites (200-2μm) where the peak temperature decreased by about 100˚C 
[12]. Results of studies, however, on the effect of particle size are often conflicting. 
Unusual effects such as the development of new peaks and disappearance of the normal 
peaks owing to the destruction of the lattice itself can occur. Differences attributed in 
many instances to the particle size may in fact be due to the lower degree of crystallinity 
[13]. For example, grinding CaCO3 for prolonged periods may destroy the crystallinity 
and decompose the material. Further, grinding dolomite reduces the particle size and 
almost completely eliminates the decomposition peak [14]. The effect of degree of 
crystallinity can be better understood by crushing CaCO3  to any required particle size 
without destroying the crystallinity [15]. There appears to be no particle size effect in this 
system if the degree of crystallinity of the particles is similar. 
 
X-ray Diffraction Analysis: 
 
It is suggested that differences in decomposition temperature of the CH observed in this 
study are due to differences in crystallinity. Crystallinity determined by the XRD analysis 
is mainly affected by crystallite size and strain. In addition, there is an instrumental error 
associated with the XRD peaks. Therefore, the XRD analysis only indicates crystallinity 
of material indirectly. However, in order to compare the results with works by other 
researchers, the following method for the calculation of crystallinity index from XRD 

spectra was conducted. The inverse of the peak width at half peak height (e.g. at 2θ = 

34.09°) from the baseline was taken as an indicator of the crystallinity. Values for 
crystallinity index and thermal decomposition temperature are given in Table 4. Higher 
values of the crystallinity index indicate a higher degree of crystallinity.  The view that 
the on-set of decomposition temperature is dependent on the degree of crystallinity and 
not particle size is supported by the data. This view is also consistent with the work of 
Bayliss who determined that the thermal decomposition of high purity CaCO3 was 
independent of particle size [15,16]. In addition to the crystallinity index 
estimates,Williamson-Hall plots were constructed from the X-ray data using Bruker 
AXS.TOPAS V2.1 software [17].It was shown that line broadening can be attributed to 
simultaneous strain and small particle size broadening [18]. The plots of Bcosθ versus 
sinθ are linear with the intercepts  providing semi-quanitative values of the volume 
weighted characteristic length <L>vol and the slopes indicating the level of lattice 



strain.The software enables the ‘B’ term to be extracted from the ‘full width-half 
maximum’ values (FWHM) of ‘double-Voigt’ fitting to the sample and the LaB6 
standard.The magnitude of the slopes of the lines and the degree of disorder are in the 
following order, CH-1> CH-2> CH-6, indicating that the lower decomposition 
temperature would be expected for the CH-1 preparation. 
 
Thermodynamic Considerations: 
 
Consider the reaction of CaOsolid with water vapor, H2Ovapor at 25˚C (298˚K). 
 
         CaOsolid + H2Ovapor ↔ Ca(OH)2 solid       T=298˚ K                                              [1] 
 
It can be demonstrated (see appendix 1) that ΔG, the change in Gibbs Free Energy for the 
reaction becomes more negative as relative humidity increases (i.e. the thermodynamic 
driving force for the reaction increases). A more negative value of ∆G also corresponds 
to a more stable CH product. This is consistent with a variation in the decomposition 
temperature of CH observed in the DTG analysis. More direct evidence for this statement 
is provided by the heat capacity (Cp) data analysis for the CH preparations where the heat 
capacity of the CH formed under different hydration conditions is determined as a 
function of temperature. 
The heat capacities were calculated using the equation, 
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where, 
 Q is the applied power (Watts or Joules per second), 
 m is the sample mass (grams), 
 Cp is the heat capacity (Joules per gram per degree Kelvin), 
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 is the heating rate (degrees Kelvin per second). 

 
The results are summarized in Figure 5 in the 298-675˚ K temperature range.  The 
reference value from Kubaschewski and Alcock has also been included in Figure 5 for 
comparison [19]. 
 
There are a number of relevant features in Figure 5.  In the range 310˚ to 350 ˚K, there is 
a discontinuity in the heat capacity (Cp) curve with a sharp maximum at 328 ˚K.  This 
behaviour indicates a transformation [20].  For the present results, the Cp behaviour is 
most likely a displacive transition similar to the ferroelectrics with perovskite or ilmenite 
ionic crystal structures [21].  At the higher temperatures, the Cp curves, sharply and 
asymptotically approach the dissociation temperature, Td, of the Ca(OH)2 wherein the 
Ca(OH)2 dissociates to CaO and H2Ovapor.  The Td of the Ca(OH)2 depends on the 
temperature and method of preparation.  In agreement with the results of other parts of 
this study, water hydration and higher temperatures of preparation, increases the Td of the 



Ca(OH)2.  The observation is further evidence suggesting the presence of different 
allotropes of Ca(OH)2 depending on the temperature and method of hydration of CaO. 
 
The heat capacity Cp varies monotonically with temperature between 350 ˚K and 500 ˚K,.  
The relationships are indicated in Figure 6.  It can be seen that the temperature 
dependence for the literature values of Ca(OH)2 are not as strongly dependent on 
temperature as are the Cp values determined in this study. 
 
Conclusions 

 
1. Two or more distinct forms of calcium hydroxide with separate thermal 

decomposition temperatures (doublets) can easily be produced. 
 
2. Calcium hydroxide preparations of varying crystallinity can be produced by 

employing vapor phase and liquid phase hydration of CaO. 
 
3. Thermal decomposition temperatures of calcium hydroxide are not necessarily 

dependent on surface area or particle size. They appear related more to the degree of 
crystallinity.  

 
4. Previously observed doublets (in the vicinity of 500°C) in the DTA spectra of 

hydrated cement systems can be explained on the basis of differences in crystallinity 
of Ca(OH)2 produced in cements under certain conditions that involve the type of 
cement and hydration environment.  

 
5. Thermodynamic calculations based on Gibbs Free Energy changes and heat capacity 

data are in accord with the observed differences in the decomposition temperature for 
CH preparations. 
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Table 1   Preparation of CaO 
 

 Preparation 

CaO-1 
Reagent grade calcium hydroxide was heated to 600°C and held    
isothermally for 1 hour. The nitrogen surface area of CaO was 31.2 
m2/g. 

CaO-2 
Reagent grade calcium carbonate was heated to 1050°C and held 
isothermally for 1 hour. The nitrogen surface area of CaO was 2.6 m2/g.

CaO-3 
Reagent grade calcium carbonate was heated to 1400°C and 
isothermally held for 1 hour. The nitrogen surface area of CaO was 1.9 
m2/g. 

 
            
   Table 2   Methods of Preparation of Calcium Hydroxide Samples 
 

Sample Preparation 

CH-1 CaO-1 was hydrated in an 11%RH environment for 7 days. 

CH-2 CaO-1 was hydrated in deaerated water for 7 days. 

CH-3 CaO-1 was hydrated in a 75% RH environment for 3 hours.                     

CH-4 Reagent grade Ca(OH)2

CH-5 CaO-2 was hydrated in an 11% RH environment for 7 days 



CH-6 CaO-2 was hydrated in deaerated water for 7 days. 

CH-7 CaO-3 was hydrated in an 11%RH environment for 7 days. 

CH-8 CaO-3 was hydrated in deaerated water for 7 days. 

 
 
 
 
Table 3   BET surface area values for various Ca(OH)2 preparations 
 

Sample CH-1 CH-2 CH-3 CH-4 CH-5 CH-6 CH-7 CH-8 

Surface Area, m²/g 20.1 31.1 21.5 16.6 3.7 7.3 5.1 7.8 

 
 
Table 4   Characterization data for selected CH preparation 
                                 

Sample 
BET, 
m²/g 

Crystallinity 
Index 

Decomp. 
Onset, (1) 

Decomp. 
Peak 

Decomp. 
End, (2) 

(2) – (1) 

CH-1 20.1 1.72 231°C 426°C 467°C 236°C 

CH-2 31.1 3.03 299°C 454°C 511°C 212°C 

CH-6 7.3 5.26 308°C 452°C 512°C 204°C 
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APPENDIX 1 

 

Consider the reaction of CaO(solid) with water vapour, H2O(vapor) at 25oC (298˚K). 

 K 298T     Ca(OH)      OH  CaO (solid) 2)vapor(2)solid( =⇔+  

[1]   

 

H - H  H   H o

OH Formation,

o

CaO Formation,

o

Ca(OH) Formation,

o

K 298 ,actionRe )vapor(2(solid)(solid) 2
ΔΔ−Δ=Δ

[2]  -1o

K 298 ,actionRe mol calories 26,105-     (-57,795) - (-151,600) - 235,500-   H ==Δ

  S - S  S   S o

OH Formation,

o

CaO Formation,

o

Ca(OH) Formation,

o

K 298 ,actionRe )vapor(2(solid)(solid) 2
−=Δ

[3]  1o-1o

K 298 ,actionRe K mol calories  34.68-    (45.106) - (9.5) - 19.93   S −==Δ

Substituting Eq.[2] and [3] into the Gibbs-Helmholtz equation gives, 

[4]

 

-1o

K 298 Reaction,

o

K 298 Reaction,

o

K 298 ,actionRe mol calories 15,769-  (-34.68)(298) - 26,105- ST HG =⋅=Δ⋅−Δ=Δ

The onotation indicates that all components are in their standard states.  In this case, the 

activities of solids are one, and the pressure of gases will be 1 atm.  The generalized 

version of Eq.[4] for conditions other than the standard state is given by, 

[5] 
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

⋅
⋅⋅+Δ=Δ

)vapor(2(solid)

(solid) 2

OHCaO

Ca(OH)o

T ,actionReT ,actionRe
Pa

a
lnTR  G  G  

For the present situation, 



 T = 298 K 

 R = universal gas constant = 1.987 calories mol-1 oK-1

 1  Ca(OH) solid ofactivity   a 2)OH(Ca (solid) 2
==  

 1  CaO solid ofactivity   a
)solid(CaO ==  

  present or  water vapof pressure partial normalized  P
)vapor(2OH =

At 298 K, the equilibrium normalized H2O vapour pressure is, 

atm 0.0313  

atm

kPa
 101.3

kPa 3.17
  P mequilibriu

OH )vapor(2
==  

For an 11% relative humidity at 298 K, this means, 

[6]  atm 0.0034  0.0313  0.11  P RH %11

OH )vapor(2
=×=

Therefore, substituting Eq.[4] and [6] into Eq.[5] and with the values for the activities of 

the solid phases set to one, yields 

[7]  -1RH %11

K 298 Reaction, mol calories 12,404-    ln(0.0034) 592 - 769,15  G =−=Δ

Similar calculations for 75% relative humidity at 298 K, gives 

[8]  -1RH %75

K 298 Reaction, mol calories 13,548-    ln(0.0235) 592 - 769,15  G =−=Δ

 

The results shows that at 298 K, there is a greater driving force when CaO is vapor 

hydrated at 75% relative humidity compared to 11% relative humidity.  Since 

, this suggests the Ca(OH)RH 11%

K 298 Reaction,

RH %75

K 298 Reaction, G  G Δ〈Δ 2 produced at 75% relative 

humidity may be more thermodynamically stable.   
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Figure 3 SEM micrographs of CH-1, CH-2 and CH-6 

Figure 4 DTGA curves for samples CH-3 and CH-2 and their mixtures with 
different proportions  
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Figure 5          Temperature dependence of heat capacities for Ca(OH)2    prepared 
under different conditions 

 

Figure 6          Region of linear temperature dependence for Ca(OH)2 heat 
capacities. 

 

y = 0.0031x + 0.3136

R
2
 = 0.9855

y =  0.0009x +  0.9811

R
2
 = 0.9875

y = 0.0027x + 0.6204

R
2
 = 0.9708

y = 0.0022x + 1.1654

R
2
 = 0.9747

1.20

1.40

1.60

1.80

2.00

2.20

2.40

325.0 350.0 375.0 400.0 425.0 450.0 475.0 500.0 525.0

T (oK)

H
e
a

t 
C

a
p

a
c

it
y

 (
J

/g
/o

K
)

Vapor 600 C

Kubaschewski

Liquid 600 C

Liquid 1050 C


