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THE EFFECT OF CURING TEMPERATURE ON THE 

HYDRATION PROCESS OF CEM II CEMENT TYPE   

Ionuț Cosmin FLOREA1,2*, Crina Maria BUCUR2, Eleonora Andreea FLOREA2, 

Cristina Elena DIACONESCU2, Daniel DUPLEAC3 

This paper presents the hydration kinetics at three different curing 

temperatures of a CEM II/B-M type Portland composite cement, used as main binder 

in the radioactive waste conditioning matrix. Information regarding the hydration 

kinetics are obtained by two methods: DTA/TGA analysis and software modeling. The 

results of these two approaches are correlated and compared in order to understand 

how modeling can be used in the estimation the long-time hydration evolution of this 

complex multicomponent-multiphase system of the cement-based materials. 
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1. Introduction 

In the context of the widespread use of cement-based materials in a lot of 

fields, but especially in the nuclear field (used as the main binder in the radioactive 

waste conditioning matrix, as a structural material for consolidation of access 

tunnels and disposal galleries in geological repositories and for construction of 

disposal cells in surface repositories) the study of the initial hydration products and 

their future stability is very important. 

Cement hydration is a very complex process that involves a lot of chemical 

reactions leading to the formation of hydration products. A full understanding of 

the hydration process is crucial for the future assessment of cement-based materials’ 

performance, because their main properties such as workability, setting behaviour, 

strength development, but also durability, are related to this process [1].  

The hydration process is directly influenced by external and internal factors. 

There are a lot of publications [2-12] that mention the curing temperature as one of 

the most important external factors that influence the normal process of clinker 

phases dissolution, formation of the initial hydration products and future stability.  
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The cement hydration process evolution can be studied with various 

experimental techniques such as thermal analysis, isothermal calorimetry, 

microscopy, electrical conductivity, nuclear magnetic resonance, etc. [13-19]  

Besides these experimental techniques, software modeling using 

geochemical codes such as GEMS and PREEQCH was extensively used in the last 

years for investigating the cement-based materials hydration and hydration products 

formation [3,5, 19-24] 

In the present work both approaches (experimental determination and 

software modeling) were used to assess the influences induced by different curing 

temperatures on hydration of hardened cement paste made from CEM II/B-M 

cement type at different hydration times and three different curing temperatures. 

2. Materials and Methods  

2.1 Samples preparation and composition 

Cement pastes used for the experimental study were prepared with a water-

cement (w/c) ratio of 0.5 at room temperature (22°C±2).  

The cement used for specimens’ is a commercial Portland composite CEM 

II/B-M (S-LL) 42.5 R which has in its composition, between 65-79% clinker and 

between 21-35% blast furnace slag and limestone mixed [25]. This cement type was 

selected for this study as it constitutes the main binder in concrete matrix used for 

the stabilization and the solidification of radioactive waste in our waste treatment 

department. 

The oxide proportions and normative phase composition are shown in Table 

1. 
Table 1 

Oxide proportions and normative phase composition of the cement 

 
Chemical composition [%] 

Mineralogical and chemical 

composition 
[%] 

CaO 59.7 Alite (C3S) 22.085 

SiO2 21.4 Belite (C2S) 39.843 

Al2O3 5.7 Aluminate (C3A) 8.625 

Fe2O3 3.4 Ferrite (C4AF) 9.538 

CaO (free) 0.5 CaO (free) 0.461 

MgO 1.41 CaCO3 13.838 

K2O 1.1 CaSO4 4.308 

Na2O 0.2 K2SO4 1.14 

CO2 6.2 Na2SO4 0.09 

SO3 3.4 K2O 0.25 

( L.O.I) 7.1 Na2O 0.07 

Blaine surface area [m2/kg] 432 MgO 1.3 

Total Additive 27 SO3 0.09 
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The oxide proportion was taken from the technical data sheet of the product. 

The clinker major phases (C3S, C2S, C3A, C4AF) was calculated using modified 

Bogue’s Equations of Paul Stutzman at al [26] for the determination of the oxide 

component and modified Taylor’s Models of Sang-Hyo Shim at al [27] for the 

determination of the sulfate component. Also  Loss on ignition (L.O.I) and CO2 was 

determined experimentally by thermal analysis. 

After mixing the cement pastes, these were cast in cylindrical shapes with 

the size of diameter of 24 mm and height of 25 mm after which they were stored in 

three curing temperature ranges (3, 22 and 38℃ ) until there were  subjected to 

DTA/TGA analysis (at the age of 1, 3, 7, 14, 21, 28, 60, 90 and 150 days) in order 

to estimate the degree of hydration. In this regard, the hardened cement pastes were 

crushed and sieved to analyse them by heating from room temperature to 800°C 

under nitrogen atmosphere using a DTG-60H analyser manufactured by Shimadzu 

Corporation. 

2.2 Hydration process experimental approach 

The experimental method for estimating the degree of hydration by using 

DTA/TGA analysis is based on Portlandite (Ca(OH)2) quantification according to 

Equation (1) [13]. 

α(t) =
mCa(OH)2

mCɼ0

 (1) 

where: 

α(t): degree of hydration of the cement at time t; 

𝑚𝐶𝑎(𝑂𝐻)2
: amount of Ca(OH)2 calculated using the equation (2);  

𝑚𝐶: mass of the initial cement calculated using the equation (3); 

ɼ0: amount of Ca(OH)2 produced upon complete hydration of the cement 

which can be determined by using the simplified equations proposed by Duc Chinh 

Chu at al [13]. 

𝑚𝐶𝑎(𝑂𝐻)2
=

𝛥𝑚(400°C − 520°C) ∗ 𝑀𝐶𝑎(𝑂𝐻)2

𝑀𝐻2𝑂

 
(2) 

where: 

𝛥𝑚(400°C − 520°C): the mass loss of the samples between 400°C and 520°C 

from the TGA analysis; 

𝑀𝐶𝑎(𝑂𝐻)2
: molar mass of Ca(OH)2; 

𝑀𝐻2𝑂: molar mass of water . 

𝑚𝑐 =
𝑚𝑠𝑎𝑚𝑝𝑙𝑒

(1 +
𝑤
𝑐

) (1 + 𝐿𝑂𝐼)
 (3) 

where: 

𝑚𝑠𝑎𝑚𝑝𝑙𝑒: mass of the samples; 
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 w/c: the water to cement ratio of the paste; 

LOI: loss of cement on ignition. 

2.3 Hydration process modelling approach  

The hydration of cements is presumed to take place via dissolution and 

precipitation processes [5]. To simulate these processes GEMS-PSI [28] 

geochemical modelling code and an Excel file developed by Lothenbach et al [20] 

were used. This are based on the well-known and widely used [4,5,20-24, 29] Parrot 

and Killoh model. This model is mathematically described by Eqs. (4)-(6) [4,5, 20, 

22, 23] which represent nucleation and growth, diffusion, and formation of a 

hydration shell, respectively. 

𝑅𝑡 =  
𝐾1

𝑁1

(1 − 𝑎𝑡)(−𝑙𝑛(1 − 𝑎𝑡))
(1−𝑁1)

 (4) 

𝑅𝑡 =
𝐾2(1 − 𝑎𝑡)2/3

1 − (1 − 𝑎𝑡)1/3
 (5) 

𝑅𝑡 =  𝐾3(1 − 𝑎𝑡)𝑁3 
(6) 

where: 

 𝑅𝑡 the lowest value of hydration rate for any time step; 

 K, N and H empirical parameters of hydration of individual clinker; 

𝑎𝑡 expressed as Eq. (7) is the hydration degree of clinker mineral at the time 

t calculated from the hydration degree of the mineral at the previous time step (𝑎𝑡−1), 

the time interval (𝛥𝑡), and hydration rate of the clinker mineral at the previous time 

step (𝑅𝑡−1).  

𝑎𝑡 =  𝑎𝑡−1 + 𝛥𝑡 · (𝑅𝑡−1) (7) 

The influence of water to cement ratio is accounted by adding the factor f(w/c) as 

follows: 

𝑓 (
𝑤

𝑐
) = (1 +  3.333 ∗  (𝐻 ∗

𝑤

𝑐
– 𝑎𝑡))

4

 ;  𝑝𝑒𝑛𝑡𝑟𝑢  𝑎𝑡  >  𝐻 ∗  𝑤/𝑐 (8) 

(
𝑤

𝑐
) =  1;  𝑝𝑒𝑛𝑡𝑟𝑢  𝑎𝑡 ≤  𝐻 ∗  𝑤/𝑐 (9) 

The influence of temperature on the hydration process may be accounted by 

using the Arrhenius equation which is by far the most widely used relationship to 

describe the rate processes of chemical reactions and it is represented in the 

Equation (10) [4, 5, 30, 31].  
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𝑘𝑇 = 𝐴𝑒−
𝐸𝑎
𝑅𝑇 (10) 

where: 

𝑘𝑇 is rate constant at temperature T; 

R is the natural gas constant (8.314 J/mol/K); 

T is temperature in K at which reaction occurs; 

𝑅𝑇 equals the rate of hydration evolution at temperature T; 

A is the proportionality constant (same units as R); 

Ea equals activation energy (J/mol). 

The rate at temperature of interest is then calculated by: 

𝑅𝑡,𝑇 = 𝑅𝑡,𝑇0
𝑒

−
𝐸𝑎
𝑅

(
1
𝑇

−
1

𝑇0
)
 (11) 

where 𝑇 corresponds to the temperature of interest in K, 𝑇0 to 293 K (20 °C) 

and 𝑅𝑡,𝑇0
 to the rate at time t calculated at 20 °C (cf. Eqs. (4)-(6)).   

3. Results and Discussion 

3.1 Experimental and software modelling results  

Fig. 1 shows the typical TG/DTG histograms obtained as a result of 

thermogravimetric analyses (TGA).  

The curves exhibit three significant weight loss steps. Two out of three steps 

are relevant for our study, representing two different kinds of reaction: 

dihydroxylation and decarbonation. Weight loss step range between 400÷520oC is 

important for Ca(OH)2 quantification and weight loss step range between 

600÷780°C for quantification of lost CO2 derived from the decarbonation process 

of calcite (CaCO3).  

Based on these considerations and using Equation (2) the Ca(OH)2 content 

of cement pastes was quantified. Considering that we did not avoid the contact with 

the environmental CO2 the carbonation of Ca(OH)2 took place, so when we 

quantified its content we took this into consideration and made the necessary 

corrections.  

Fig. 2 shows the logarithmic representation of kinetic evolution of the 

content of Portlandite and Calcite during 150 days of hydration.  
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a) 

 

 

 

 
b) 

 

Fig. 1. Thermogravimetric (TG), column (a), and first derivative (DTG), column (b), curves of 

cement paste hydrated for 150 days at three different curing temperature 

 

 

It can be seen that the Ca(OH)2 amount is directly proportional with the 

hydration degree and curing temperature. Regarding the amount of CaCO3, until 60 

days it has slight variations around the concentration in which it was added. After 

that, it is clear that its amount increased as a result of Ca(OH)2 carbonation. This 

phenomenon has also been observed in other studies such as that of Soja at al [17] 
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even earlier than 60 days. After Ca(OH)2 quantification, the values of the hydration 

degree a(t) were obtained by using Equation (1). The effect of curing temperature 

on the degree of hydration of hardened cement pastes after 150 days from the start 

of the hydration process are shown in Fig. 3. 
 

 
a) Ca(OH)2 evolution 

 

 

 
b) CaCO3 evolution 

 

Fig. 2. Kinetic evolution of the content of Ca(OH)2 and CaCO3 estimated trough TGA 

 

 

 
Fig. 3. Degree of hydration of hardened pastes. 

The conclusion is that the hydration degree is directly proportional with the 

curing temperature. This is expected since Ca(OH)2, the element based on which 

the degree of hydration is determined, is in the same dependence relationship with 

curing temperature.  

Comparisons between the degrees of hydration function of the curing 

temperature led to the observation that the degree of hydration for cement pastes 

cured at 22⁰C and 38⁰C is higher than those cured at 3⁰C by 2.8% and 6.6% 

respectively and by 3.9% for those cured at 38⁰C compared to those at 22⁰C. Cement 

dissolution and Portlandite formation predicted by Parrot and Killoh model 

calculations and GEMS software modeling as a function of time and temperature 

are shown in Fig. 4. Thus, the dissolution of cement is directly proportional to the 
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curing temperature and Portlandite is directly proportional to dissolution hence to 

curing temperature. 

 

Fig. 4. Dissolution kinetics of cement and formation and evolution of Portlandite.  

3.2 Comparative studies between experimental data and software-

generated models  

Comparative analyses were carried out between the modeling results using 

the Parrot and Killoh model, GEMS software and experimental data. The results 

are plotted in Fig. 5 and Fig. 6.  

 

Fig. 5. Ca(OH)2 kinetic evolution by both method approaches (software modeling and 

experimental determination). 

Fig. 5 shows the comparative kinetic evolution of Ca(OH)2, where in the 

first part a greater difference between the two approaches can be observed, 

difference that reduces considerably as the hydration period increases. This 
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difference can be attributed to the errors in the quantification of the amount of 

Ca(OH)2 in the early stage of hydration. Moreover, there are studies such as that of 

Panea and Hansenb [14] confirming that the thermogravimetric analyses are not 

very accurate in estimating the amount Ca(OH)2 in the early stages of hydration, 

but it seems they refer to hours not days as in this case. However, both approaches 

show the same dependence on the curing temperature. 

As for the hydration kinetics of cement pastes, Fig. 6 shows that the 

experimental results overlap quite well with those obtained by modeling. These are 

also supported by the values obtained for the coefficient of determination (R²) 

shown in Table 2. 

 

Fig. 6. Hydration degree comparative studies between experimental and modeling approach. 

Table 2 

The extent of how well the data obtained by modeling replicates the experimental one  

Process studied 
Coefficient of determination R² 

3℃ 22℃ 38℃ 

Degree of 

hydration 
0.981 0.984 0.966 

Portlandite 

quantification 
0.969 0.966 0.964 

 

4. Conclusion  

 

The aim of this study was to compare the experimental data with those 

resulting from software modeling to assess the influences of the curing temperatures 
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on the hydration of hardened cement paste based on CEM II/B-M (S-LL) 42.5 R 

cement type. The results of these two approaches are correlated and compared to 

understand how the modeling can be use in long time hydration evolution 

estimations of this complex multicomponent-multiphase system of the cement 

based materials. The results obtained indicate that there is a relatively good 

agreement between Ca(OH)2 estimated by thermal analysis and Ca(OH)2 predicted 

by the GEMS software. Even if at the beginning of the hydration period the 

difference in the amount of Ca(OH)2 estimated by the two methods is slightly larger, 

it reduces considerably as the hydration period increases. 

As for the hydration kinetics of cement pastes, data obtained by simulation 

with GEMS geochemical modelling code and an Excel file C by Lothenbach et al 

[20] overlaps quite well with the experimental results. This is also supported by the 

values obtained for the coefficient of determination exceeding 0.96 for all curing 

temperature regimes. Regarding the effect of the curing temperature, both 

approaches show that the amount of Portlandite depends on the rate of the hydration 

reaction that increases with time and temperature. 

Understanding these processes and how to program and operate with these 

modeling codes and mathematically models can facilitate the assessment of the 

evolution of cement-based materials leading to the improvement of construction 

efficiency and increasing durability and safety, while contributing to significant 

energy and costs savings. The experimental and modeling activities will further 

study the influence of temperature on mechanical strength to show that the concrete 

strength increases with the cement hydration degree, and the rate of hydration 

reaction increases with temperature. This dependence gives us the possibility to 

describe the strength development as a function of the combined effects of time and 

temperature by using the maturity index. 

Acknowledgements: 

The authors express their full gratitude to the Institute for Nuclear Research, 

Pitesti, Romania, which facilitated performing experiments in specialized 

laboratories. 

R E F E R E N C E S 
 

[1]  G. Möschner, "A thermodynamic approach to cement hydration: the role of retarding 

admixtures and fe-minerals during the hydration of cements," University of Karlsruhe, Zurich, 

2007. 

[2]  B. Lothenbach, F. Winnefeld, C. Alder, E. Wieland, P. Lunk, "Effect of temperature on the 

pore solution, microstructure and hydration products of Portland cement pastes," Cement and 

Concrete Research, vol. 37 , no. Elsevier, p. 483–491, 2007.  

[3]  B. Lothenbach, M. Zajac "Application of thermodynamic modelling to hydrated cements," 

Cement and Concrete Research, vol. 123, p. 21, 2019.  



The effect of curing temperature on the hydration process of CEM II cement type         79 

[4]  Y. Ren, I. Maruyama, A. Tomoyose and R. Kurihara, "Effect of temperature on the hydration 

of ordinary portland cement and the pozzolanic reaction of volcanic glass powder" Cement 

Science and Concrete Technology, vol. 75, pp. 166-173, 2022.  

[5]  B. Lothenbach, T. Matschei, G. Möschner, F.P Glasser, "Thermodynamic modelling of the 

effect of temperature on the hydration and porosity of Portland cement," Cement and Concrete 

Research, vol. 38(1), no. Elsevier, pp. 1-18, 2008.  

[6]  C. Badea, A.Pop, C.Mattea, S. Stapf, I. Ardelean, "The Effect of Curing Temperature on Early 

Hydration," Applied Magnetic Resonance , vol. 45, no. Springer, p. 1299–1309, 2014.  

[7]  I. Elkhadiri, M. Palacios, F. Puertas, "Effect of curing temperature on cement hydration," 

Ceramics – Silikáty, vol. 53, no. Institute of Chemical Technology Prague, pp. 65-75 , 2009.  

[8]  J. I. Escalante-Garcia and J. H. Sharp, "The effect of temperature on the early hydration of 

Portland cement and blended cements," Advances in Cement Research, vol. 12, pp. 121-130, 

2000.  

[9]  Y. Maltaisand and J. Marchand, "Influence of curing temperature on cement hydration and 

mechanical strength developmentoff fly ash mortars," Cement and Concrete Research, vol. 

27, no. Elsevier, pp. 1009-1020, 1997.  

[10]  X.-P. Liu and  P.-M. Wang, "Effect of temperature on the hydration process and strength 

development in blends of Portland cement and activated coal gangue or fly ash," Journal of 

Zhejiang University-SCIENCE A (Applied Physics & Engineering), vol. 12, pp. 162-170, 

2011.  

[11]  R.V. Dejeto, K. Kurumisawa, "Effect of Temperature vis-à-vis curing time on the hydration 

products of OPC paste," International Journal of Advanced and Applied Sciences, vol. 5, no. 

Institute of Advanced Science Extension, pp. 110-115, 2018.  

[12]  Ľ. Ježo, T. Ifka, B. Cvopa, J. Škundová, K.Vladimír*, M. T. Palou, "effect of temperature 

upon the strength development rate and upon the hydration kinetics of cements," Ceramics - 

Silikaty, vol. 54, no. Institute of Chemical Technology Prague, pp. 269-276, 2010.  

[13]  D. C. Chu, J. Kleib, A. Mouhamadou Amar, B. Mahfoud, N.-E. Abriak, "Determination of the 

degree of hydration of Portland cement usingthree different approaches: Scanning electron 

microscopy(SEM-BSE) and Thermogravimetric analysis (TGA)," Case Studies in 

Construction Materials, vol. 15, no. ELSEVIER, pp. 1-13, 2021.  

[14]  I.  Panea, W. Hansenb, "Investigation of blended cement hydration by isothermal calorimetry 

and thermal analysis," Cement and Concrete Research, vol. 35, no. ELSEVIER, p. 1155– 

1164, 2005.  

[15]  N. M. Musa, "Thermal Analysis of Cement Paste Partially Replaced With Neem Seed Husk 

Ash," International Journal of Scientific & Engineering Research, vol. 5, no. 1, pp. 1101-1105, 

2014.  

[16]  X. Pang, D. P. Bentz, C. Meyer, G. P. Funkhouser, Robert Darbe, "A comparison study of 

Portland cement hydration kinetics as measured by chemical shrinkage and isothermal 

calorimetry," Cement & Concrete Composites, vol. 39, no. ELSEVIER, pp. 23-32, 2013.  

[17]  W. Soja, H. Maraghechi, F.Georget and K. Scrivener, "Changes of microstructure and 

diffusivity in blended cement pastes exposed," in International Conference on Concrete 

Repair, Rehabilitation and Retrofitting, Cape Town, 2009.  

[18]  A. Neves Junior, R. D. Toledo Filho, E. de Moraes Rego Fairbairn, J. Dweck, "Early stages 

hydration of high initial strength Portland cement," Journal of Thermal Analysis and 

Calorimetry, August 2012.  



80           Ionuț Florea, Crina Bucur, Eleonora Florea, Cristina Diaconescu, Daniel Dupleac 

[19]  A. B. Revert, M. R. Geiker, K. De Weerdt, U. H. Jakobsen, "SEM-EDS analysis of products 

formed under natural and accelerated carbonation of concrete with CEM I, CEM II/B-M and 

CEM II/B-V," in The XXIII Nordic Concrete Research Symposium , Aalborg, Denmark, 

2017.  

[20]  B. Lothenbach, G. Le Saout, E. Gallucci, K. Scrivener, "Influence of limestone on the 

hydration of Portland cements," Cement and Concrete Research, vol. 38 , no. ELSEVIER, p. 

848–860, 2008. 

[21]  Yu Abzaev, A. Gnyrya, S. Korobkov, K. Gauss, A. Boyarintsev and S. Tomrachev, 

"Thermodynamic modeling of Portland cement without mineral additives," in Journal of 

Physics: Conference Series, Volume 1145, XV International Conference of Students and 

Young Scientists "Prospects of Fundamental Sciences Development" , Tomsk, Russian 

Federation, 2018. 

[22]  N. Holmes, M.Tyrer, R. West, A. Lowe, D. Kelliher, "Using PHREEQC to model cement 

hydration," Construction and Building Materials, vol. 319, no. Elsevier, pp. 1-15, 2022. 

[23]  Y. Elakneswaran, T. Nawa, E. Owaki, "Prediction of Hydration Products and Pore Solution 

Chemistry of Fly Ash Cement," International Journal of Management and Applied Science, 

vol. 4(5), pp. 30-34, 2018.  

[24]  B. Lothenbach, F. Winnefeld, "Thermodynamic modelling of the hydration of Portland 

cement," Cement and Concrete Research, vol. 36, p. 209 – 226, 2006. 

[25]  SR EN 197-1; Cement - Part 1: Composition, specifications and conformity criteria for 

common cements. ASRO: Bucharest, Romania, 2011. 

[26]  P. Stutzman, A. Heckert, A. Tebbe and S. Leigh, "Effects of Analytical Precision on Bogue 

Calculations of Potential Portland Cement Composition," Journal of ASTM International, 

2010. 

[27]  S.-H. Shim, T.-H. Lee, S.-J. Yang, N. Bin Md. Noor and J.-H.-J. Kim, "Calculation of Cement 

Composition Using a New Model Compared to the Bogue Model," Materials , vol. 14, no. 

MDPI, 2021. 

***, "″GEMS (Gibbs Energy Mimnimization Softwatre for Geochemical Modeling)″," Paul 

Scherrer Institute, Switzerland, available at https://gems.web.psi.. 

[28]  ***, "″GEMS (Gibbs Energy Mimnimization Softwatre for Geochemical Modeling)″," Paul 

Scherrer Institute, Switzerland, available at https://gems.web.psi.. 

[29]  I.C. Florea, C.E. Diaconescu, C.M. Bucur, A.R. Budu Stănilă,  "Modelling of Cement 

Hydration using PHREEQC Code," Journal of Nuclear Research And Development, vol. 24, 

no. Institute For Nuclear Research, Pitesti, Romania, pp. 33-37, 2022.  

[30] J. L. Poole, K. A. Riding, K. J. Folliard, M.C. G. Juenger, and A. K. Schindler, "Methods for 

Calculating Activation Energy for Portland Cement," ACI Materials Journal , vol. 104, no. 

ACI, pp. 303-3011, 2007. 

[31]  Da-jiang Geng, Ning Dai, Xue-sheng Jin and En-xin Miao, "Comparison of calculating 

methods and applications of different concrete maturity," in 2021 5th International Conference 

on Green Composite Materials and Nanotechnology (GCMN 2021) , Nanjing, China, 2021.  

 


