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ABSTRACT 

 

 

 

Nanosized Ca(OH)2  particles having different physical characteristics e.g. surface area, 

degree of crystallinity, have been prepared. Endothermal doublets present in the 

thermoanalytical spectral information reflect differences in the degree of crystallinity of 

the various Ca(OH)2 preparations. A thermodynamic analysis of their thermal behavior is 

presented. The thermodynamic analyses validate the experimental observations based on 

the estimates of the decomposition temperatures of the Ca(OH)2 nanoparticles.  
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Introduction 

 

Calcium hydroxide (CH) is an important component of hydrated Portland cement. It 

occupies up to 26% by volume of the hydrated cement paste [1]. It also has a role in 

numerous reactions germane to cement science, including those relevant to durability 

problems and sustainability issues [2]. The degree of crystallinity, surface area, heat 

capacity and decomposition temperature of  CH  can be influenced by differences in the 

preparation conditions. For example, binary mixtures of  CH prepared  by hydration of 

CaO in vapor and liquid phases show two distinct endotherms in the differential 

thermogravimetry traces (DTG) attributed to differences in crystallinity (a lower degree 

of crystallinity corresponding to a lower decomposition temperature) [3].  The doublet 

behavior has been observed previously in DTA curves for Portland cement binders [4,5]. 

It is consistent with differences in the Gibbs free energy changes associated with  the 

hydration of CaO in the vapor or liquid phase to form CH. Therefore, it is possible to use 

the temperature dependence of the heat capacity (Cp) data (for  the different CH 

preparations)  to estimate their thermal decomposition temperatures. Estimates of the 

decomposition temperatures of the CH were obtained by thermodynamic analysis. 

 

Experimental 

 

Calcium Hydroxide Preparations: 

 

The preparation of the CH samples is described as follows: 

 

CH-1: Reagent grade Ca(OH)2 was calcined at 600ºC for 1 hour and hydrated at 11% RH 

for 7 days. The BET nitrogen surface area of the resulting CH was 20.1 m
2
/g. 

 

CH-1(a): Reagent grade Ca(OH)2 was calcined at 600
ο
C for 1 hour and hydrated at 75% 

RH for 3 hours to determine the effect of vapor hydration at a relatively high humidity. 

The BET surface area was 21.5 m
2
/g. 

 

CH-2: Reagent grade Ca(OH)2 was calcined at 600ºC for 1 hour and hydrated in 

deaerated liquid water for 7 days. The BET nitrogen surface area of the resulting CH was 

31.1 m
2
/g. 

 

CH-3: Reagent grade CaCO3 was calcined at 1050ºC for 1 hour and hydrated in deaerated 

liquid water for 7 days. The BET nitrogen surface area of the resulting CH was 7.3 m
2
/g. 

 

X-ray diffraction (XRD) measurements were taken using a Scintag XDS 2000 

instrument. CuKα radiation (45 kV, 35mA) was used. The scan rate was  

0.025 
ο
/s. The spectra were obtained in the interval 5

ο
< 2θ< 85

ο
.  

 



The DSC measurements were obtained using a simultaneous DSC-TG instrument - a TA 

instruments SDT-Q600 Thermal Analyzer. A heating rate of 10ºC/min. (room 

temperature to 1050ºC) in a nitrogen gas environment (100 mL/min.) was employed.TG 

measurements were also obtained with the same instrument. The results were plotted in 

derivative form (DTG). The DTG results were used to estimate the decomposition 

temperatures of the Ca(OH)2 preparations [3]. An environmentally conditioned DSC-TG 

cell was also used for some of the experiments to study the effect of humidity on thermal 

decomposition. 

 

The nitrogen surface area measurements (BET method) were obtained with a 

Quantachrome Quantasorb Sorption System. Samples were dried using a heating mantle 

at 140
ο
C for 10 minutes prior to the measurement.     

 

 

 

Results and Discussion 

The heat flow versus temperature results were used for heat capacity (Cp) calculations, 

(Figure 1). 

Thermodynamic Analysis: 

The basic reaction for Ca(OH)2 decomposition can be written as: 

Ca(OH)2(s) → CaO(s)  +  H2O(g)                              [1] 

The change in the Gibbs free energy of the Ca(OH)2(s) decomposition reaction,  

can be expressed as:  

o

RTΔG ,

o

RT

o

RT

o

RT ST–ΔHΔG Δ=                   [2] 

where  is the change in enthalpy at temperature T and  is the corresponding 

change in entropy.  Generally, 

o

RTΔH o

RTΔS

∫ ∂=
1T

T

p TCΔH           [3] 

 and  



∫ ∂=
1T

T

p T /TCΔS          [4] 

where Cp, the heat capacity, is a function of temperature.  The heat capacity functions for 

the CH preparations were determined from analysis of the experimentally obtained Cp 

versus temperature data. They were approximately linear in the temperature range of 350-

500ºK (Figure 2). The Cp functions can be substituted into equations [3] and [4] and ∆H 

and ∆S determined. The change in Gibbs free energy,  

o

RTΔG , is then calculated from equation [2]. Details of the calculations leading to 

estimates of the decomposition temperature for each of the CH preparations are described 

in the following section.  

 

Estimates of Gibbs Free Energy (∆G) and Decomposition Temperatures (Td) 

 

The decomposition of Ca(OH)2(s) yields CaO(s) and water vapour H2O(g). The exact 

decomposition temperature, Td, can be calculated using Kirchoff’s relationship which 

allows the calculation of enthalpy and entropy changes at any temperature provided the 

enthalpy and entropy are known at another temperature and the heat capacities of the 

reactants and products are available in the range of temperatures under consideration.  

  

 

 

 

 



For the case of Ca(OH)2(s) decomposition, Kirchoff’s relationship can be represented as, 

 

d(g)2(s)

H-

2(s) T    T                                   OH      CaO       Ca(OH)

o
TR,

=+⇒
Δ

 

)g(2OH ,pC
 

K)373(T   H       C                  C glCaOp,Ca(OH)P, (s)2(s)
°=Δ →  

)l(2OH ,pC
 

K298    T                                      OH      CaO       Ca(OH) (l)2(s)

ΔH

2(s)

o
K298 R,

°=+⇒
°

 

 

The standard enthalpy of reaction at 298°K is calculated from tabulated values for the 

enthalpy of formation of the reactants and products [6], 

 ΔH–  ΔH ΔH    ΔH o

Ca(OH)f,

o

OHf,

o

CaO f,

o

R,298K 2(s)(l)2(s)
+=

 

= –151,600 – 68,315 – (–235,500) = 15,585 calories          [5] –1mol

The heat required to bring CaO(s) from 298°K to any higher temperature is given by, 

( )∫ ∫ ∂×+=∂=
T

298

T

298

3–

CaOp,1  TT103.133  9.903 TC   ΔH
(s)

   

= –3090 + 9.903T + 1.567×10                                 [6]  –12–3 mol  calories T

The heat required to bring H2O(l) from 298°K to any higher temperature involves a phase 

transition from the liquid to gaseous state at 373°K. Accordingly, the total heat will be, 

∫∫ ∂++∂= →

T

373

OHp,

373

298

glOHp,2  TC  ΔH  TC  ΔH
(g)2(l)2

             

( )∫ ∫ ∂×+++∂=
373

298 373

3– TT102.56  7.17 9820  T18.03  



= 8320 + 7.17T + 1.28×           [7] –12–3 mol  calories T10

Now, consider the heat capacity of Ca(OH)2(s) as a generalized linear function of 

temperature given by, 

–1–1

Ca(OH)p, K mol  calories   bT   a    C
2(s)

+=             [8] 

Then, the enthalpy released as Ca(OH)2 is brought from any T to 298°K is, 

 ∫ ∂=
298

T

Ca(OH)p,3  TC   ΔH
2(s)

( )∫ ⎟
⎠
⎞

⎜
⎝
⎛+=∂+=

298

T

1–2 mol  calories   T
2

b
–  aT–  44,402b  298a  TbT  a         [9] 

Using the Kirchoff’s relationship, 

0  ΔH  ΔH–  ΔH  ΔH  ΔH 3

o

TR,21

o

R,298K =+++           [10]  

Substituting Eq.[5], [6], [7] and [9] into Eq.[10] and re-arranging and 

simplifying gives, 

( ) ( )  Ta–17.07  44,402b  298a 20,815  ΔH o

TR, +++=  

1–23– mol  calories  T
2

b
–102.847 ⎟

⎠
⎞

⎜
⎝
⎛ ×+          [11] 

Entropies are calculated similarly. Therefore, the standard entropy of reaction is, 

o

Ca(OH)f,

o

OH f,

o

CaO f,

o

K298 R,
(s)2(l)2(s)

S–  S S   S +=Δ °  

–1–1 K mol  calories  6.29    19.93–  16.718  9.5  =+=          [12] 

The entropy change for CaO(s) as the temperature is increased from 298°K to T is, 

∫ ∫ ∂⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ×+
=∂=

T

298

T

298

–3
CaOp,

1  T
T

T103.133  9.903
 T

T

C
   ΔS (s)

 

                   = –57.35 + 3.133×        [13]  –1–1–3 Kmol  calories 9.903ln(T)  T10 +



Similar to Eq.[7] for enthalpy, the entropy change for H2O(l) involves a phase transition at 

373°K. 

∫∫ ∂++∂= →
T

373

OHp,
373

298

glOHp,

2 T
T

C
  

373

ΔH
  T

T

C
  ΔS (g)2(l)2

 

                  ∫ ∫ ∂⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ×+
++∂=

373

298 373

–3

T
T

T102.56  7.17
 

T

9820
  T

T

18.03
   

= –13.03 + 2.56×        [14] –1–1–3 Kmol  calories   7.17ln(T)  T10 +

For Ca(OH)2(s), the entropy change from T to 298°K is, 

  T
T

bT  a
 T

T

C
   ΔS

298

T

298

T

Ca(OH)p,

3

2(s)∫ ∫ ∂⎟
⎠
⎞

⎜
⎝
⎛ +

=∂=  

–1–1Kmol  calories   bT– aln(T)–  298b  5.70a  +=           [15] 

Now, the total entropy change over the thermodynamic cycle must be zero. Therefore, 

0  ΔS  ΔS–  ΔS  ΔS  ΔS 3

o

TR,21

o

R,298K =+++           [16] 

Substituting the appropriate values gives, 

 298b)  5.70a (–64.09    ΔSo

TR, ++=  

–1–1–3 K mol  calories   ln(T) a)– (17.07  b)T–  10(5.693 +×+         [17] 

The Gibb’s free energy of the Ca(OH)2(s) decomposition reaction is calculated with the 

Gibbs-Duhem equation and Eq.[11] and [17]. The result is, 

o

TR,

o

TR,

o

TR, STΔH  ΔG Δ−=          

( ) ( )T298b–6.70a–81.1644,402b298a20,815 +++=  

( ) 1-23– mol  calories  Tln(T)17.07–a T102.846–
2

b
 +⎟

⎠
⎞

⎜
⎝
⎛ ×+                     [18] 



The generalized form of Eq.[18], which accounts for deviations from standard conditions 

is, 

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛ ⋅
+=

(s)2

(g)2(s)

Ca(OH)

OHCaOo

 TR,TR,
a

Pa
ln  RT  ΔG  ΔG           [19] 

where and are the activities of CaO and Ca(OH)2, respectively, and 

is the normalized partial pressure of water vapour. R is the universal gas constant 

given as 1.987 calories mol
-1

 K
-1

. With the appropriate substitutions, the generalized 

Gibbs free energy of reaction is, 

(s)CaOa
)s(2)OH(Caa

(g)2OHP

( ) ( )T298b–6.70a–81.1644,402b298a20,815ΔG TR, +++=  

( )Tln(T)17.07–a T102.846–
2

b
 23– +⎟

⎠
⎞

⎜
⎝
⎛ ×+    

( ) 1–

OH mol  calories  Pln  T 1.987 
(g)2

+            [20] 

The temperature at which is zero corresponds to the decomposition temperature of 

Ca(OH)2, Td. It can be seen from Eq.[20] that Td depends on the relative humidity 

condition and on the temperature dependence of the heat capacity for the Ca(OH)2 

samples prepared under different conditions. The heat capacities of Ca(OH)2(s) were 

calculated using the heat flow data obtained with differential scanning calorimetry 

(Figure 1). The temperatures associated with the on-set of decomposition and the peak 

temperature are in the following order: CH-1< CH-2 < CH-3.   The heat capacities were 

calculated using the equation, 

T,RGΔ

 ( ) ( ) ( ) ( 1-o1o1-1-1-1-

p s KK g J    g s J      g W        
t

T
C    

m

Q
⋅===⎟

⎠
⎞

⎜
⎝
⎛

∂
∂

⋅=⎟
⎠
⎞

⎜
⎝
⎛ − )            [21] 

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), 

 ⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

t

T
 is the heating rate (degrees Kelvin per second). 

 

The results are summarized in Table 1 and in Figure 2.  The normalized water vapour 

partial pressures are given in Table 2 for 11%, 75% and 100% relative humidities and for 

the standard state (i.e. 101.3 kPa). Therefore, substitution of the appropriate values from 

Tables 1 and 2 into Eq.[20] and solving for temperature when T,RGΔ  is zero yields Td for 

different preparation techniques and humidity conditions. Summary values for Td are 

provided in Table 3.  Also included in Table 3 are values for Td estimated from the DTG 

behavior determined previously [7]. 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1.  Heat Capacities of Ca(OH)2(s) Nanoparticles  

Prepared Under Different Conditions 

 

 

Table 2.  Experimental Humidity Conditions 

Condition Normalized Pressure (Pi / 101.6 kPa)

11% Relative Humidity 0.0034

75% Relative Humidity 0.0235

100% Relative Humidity 0.0313

Standard State 1

 



Table 3.  Calculated Decomposition Temperatures, Td (°C) for Ca(OH)2
**

  

*(Experimental results-Ref. [7]) ; ** The type of CH used in Ref. [6] was unspecified. 

CH-1 CH-2 CH-3

Dry Nitrogen 301 (303)* 320 334 (335)* -

0.0034 311 318 338 (370)* 303

0.0235 374 386 422 (405)* 359

0.0313 385 398 438 (412)* 368

1 582 626 925 514

Normalized 

H2O (g) 

Pressure

Using Book Values 

(Ref. [6])**

Liquid Hydrated Preparations

Vapor 

Hydrated 

Preparations

 

The Td values from Table 3 have been plotted against the normalized water vapour 

pressure in Figure 3. A comparison of the effect of the initial  calcination temperature (for 

producing the CaO starting material) on the liquid phase hydration of the CaO  can be 

made by examining Figure 3 and Table 3. A higher calcination temperature corresponds 

to a higher decomposition temperature indicating that the Ca(OH)2 prepared from CaO 

formed at the higher calcination temperature is thermodynamically more stable. Further, 

the Ca(OH)2 prepared by liquid phase hydration decomposes at higher temperatures than 

the Ca(OH)2 prepared by vapor phase hydration suggesting that the liquid hydrated 

samples are more thermodynamically stable than the vapor hydrated samples. The 

decomposition temperature of CH for all the preparations increases as the humidity in the 

decomposition environment increases. This was observed experimentally (as indicated by 

the decomposition temperature values in brackets in Table 3) by the decomposition of the 

CH preparations on heating in an environmentally controlled DSC cell in dry nitrogen 

and at different humidities [7]. The bracketed values in Table 3 represent the values at the 

on-set of weight-loss as indicated by the DTG-temperature curves previously reported 



[3,7].The on-set values indicate the beginning of the decomposition process. 

Decomposition of  Ca(OH)2 takes place over a finite temperature range. Differences in 

the reported experimentally determined values (compared to calculated values) are 

possibly due to variables such as heating rate and the fact that as the temperature in the 

DSC cell increases the saturation vapor pressure increases as well. Nevertheless the 

differences are not large and the trends for the experimentally determined results and the 

calculated values are consistent. 

Comments on the degree of crystallinity of the Ca(OH)2 preparations are germane to this 

discussion.The degree of crystallinity of the CH preparations was estimated by 

calculation of a ‘crystallinity index’ from XRD spectra [3].The inverse of the peak- width 

at half peak-height (e.g. at 2θ = 34.09
ο
) was taken as an indicator of the crystallinity. 

Values of the ‘crystallinity index’ were estimated to be 1.72,3.03 and 5.26 for the CH-1, 

CH-2 and CH-3 samples respectively. Williamson-Hall plots were also constructed from 

the X-ray data [3,8]. It was shown that line-broadening can be attributed to simultaneous 

strain and small particle size broadening. The magnitude of the degree of disorder was in 

the following order, CH-1>CH-2>CH-3 indicating that the lower decomposition 

temperature would be expected for the CH-1 preparation. Limitations of the XRD method 

include instrumental error and the effects of crystallite size and strain. Nevertheless the 

relative agreement of the ‘crystallinity index’ and the Williamson-Hall analysis provides 

support for the relative ranking of the CH preparations in terms of degree of 

crystallinity.Additional detail of the application of these two methods for estimating the 

degree of crystallinity is provided in reference [3]. SEM micrographs of similar CH 



peparations are also presented in reference [3]. They confirm the relative size of the CH 

crystals but are not accurate descriptors of the degree of crystallinity.   

Conclusions 

 

1. The thermodynamic analysis corroborates the validity of the previously observed 

doublets in the thermal analytical spectral information (DTG, DSC) for Ca(OH)2. 

2. Thermodynamic calculations of decomposition temperature of Ca(OH)2 support 

previous arguments that Ca(OH)2 with varying degrees of crystallinity can be 

produced. 

3. The decomposition temperature of Ca(OH)2 prepared by vapor or liquid hydration of 

CaO can be estimated from basic heat capacity data and thermodynamic calculations. 

4. Higher decomposition temperatures have been previously observed with Ca(OH)2 

nanoparticles prepared from CaO produced at higher temperatures in agreement with 

thermodynamically-based calculations indicating that these preparations are  more 

thermodynamically stable. 

5. The decomposition temperature of Ca(OH)2 produced by vapor phase hydration of 

CaO is directly related to the relative humidity of the hydration environment. 

6. The decomposition temperature of the various Ca(OH)2 preparations studied 

increases as the relative humidity of the environment under which decomposition 

occurs increases and depends on the crystallinity of the CH.This is not unexpected. 

For example in a CO2 atmosphere CaCO3 decomposes at higher temperatures as the 

partial pressure of CO2 In the environment increases.    
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Figure 1 Differential Scanning Calorimetry Curves For Preparations of Various CH  

                        Nanoparticles 
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Figure 2 Region of Linear Temperature Dependence For Heat Capacity Values  

                        of Various Preparations of CH Nanoparticles 
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Figure 3   Summary Plot of Decomposition Temperatures for Ca(OH)2 Nanoparticles 

Prepared Under Different Conditions 

 

 


