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Studies on cement hydration by high resolution mixing calorimetry. 
 

“Experience – mother of all sciences”, Miguel de Cervantes Saavedra 
 

Introduction 
 
High Resolution Mixing Calorimetry (HRMC) [1] has created a new vision on 
composite structure for a wide category of materials [2], on solubility notion and 
on the scientific data banks [3]. The basic idea consists in isothermal 
measurement of thermal effects associated to the mixture of two small test 
specimens. The high sensitivity, fast response and accurate standard 
experimental conditions are the main characteristics ensuring high resolution 
and good repeatability in view to separate elementary processes and to compare 
samples with subtle structural differences induced by a large variety of 
treatments.  Water and aqueous solutions were the first applications for which 
further original tests were developed in view to reveal their composite structure 
in relationship with more and less subtle treatments [4]. For instance these 
techniques were successfully applied to homoeopathic dilutions [5].  
It is important to note that published and here cited references represent a small 
part of applications and results obtained with these techniques, especially 
HRMC. 
On the other hand, HRMC can be used in non-isothermal conditions by using 
one specimen [2-5]. Specific heat is another important quantity obtained by 
HRMC in accurate and rapid conditions. It contains valuable structural 
information, but unfortunately its significances are neglected in present.  
Interaction of water/aqueous solutions-cement was another important 
application of HRMC technique in view to reveal structural modifications of 
each component and the overall features of interaction kinetics [6-9]. The main 
advantage of HRMC technique applied on water/aqueous solutions is that it 
reveals in highly efficient conditions their transition temperatures [4].  In 
contrast, adiabatic calorimetry applied for cement hydration process has the 
main disadvantage in distorting its kinetics giving erroneous information for 
practical purposes [10]. The aim of the present report is to present some results 
obtained with a series of water samples originated from the same tap water 
whose structure was modified by different magnetic treatments and a series of 5 
representative industrial cements. 
 
Experimental 
 
The initial HRMC device [1] suffered successive improvements as it is 
presented in the pictures. 
All experiments considered in the present report were performed at room 
temperature (23 ± 1 0C).  
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Cement samples were taken from freshly opened industrial bags denoted as E35, 
E25, aluminous, super-aluminous and BS12. Different series of experiments 
were performed by using integral cement specimens and size fractions of 30-40 
µm obtained by dry sifting.  
Water samples are originated from tap water divided, subsequently treated and 
denoted as: R (untreated), M (constant magnetic field), A and B (oscillating 
magnetic field).  
For all reported quantities at least 5 different experiments were performed in 
view to reveal their repeatability. 
 
Results  
 
 I. Integral cement samples 
 
Figure 1 reproduces HRMC the typical thermogram obtained by mixing 
experiment as it shown in the cross section of calorimetric cell. The immediate 
endothermal effect is due by the hydrated crust on cement particles generally 
present even for fresh cement [6-9]. However, this parasite effect can be easily 
controlled by keeping the cement samples in dry condition. The exothermal 
effect revealed in the first 5-15 minutes is the most important process being 
sensitive to both water and cement morphology and can predict the properties of 
end products. 
Table 1 presents some results on one cement and three water samples. HRMC 
experiments allow estimating the hydration rate (k). The compressive strength 
after 96 days (CS96) measured in standard conditions by using the same water-
cement systems shows a direct correlation with HRMC data. The volume 
shrinkage after 24 hours and 3 months shows the decreasing order R > A > B. 
 

Table 1. 
water k (a.u.) CS96 (daN/cm^2) 

R 3.16 ± 0.6 416 ± 15 
A 3.53 ± 0.1 480 ± 11 
B 3.75 ± 0.1 498 ±  9 

 
All uncertainty values given in this report define the confidence level of 68.3%. 

 
II. Conditioned cement samples. 
 
The 5 cement samples are sifted and conditioned in dry conditions in view to 
increase the repeatability of HRMC measurements performed on 0.3 ± 0.01 ml 
water and 200 ± 0.1 mg cement. 
Figure 2 shows the integral hydration energy released in the first 5 minutes for 
all water and cement samples. 
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Figure 3 presents the same results, but in dimensionless units obtained by 
reporting the absolute values for activated water samples to the untreated water.   
 
Concluding remarks 
 

a. The main advantages of HRMC technique are: (i) ensures true isothermal 
conditions in comparison to adiabatic calorimetry taking into account that 
water/aqueous solutions and hydration kinetics suffer dramatic changes 
over approx. +40 0C; (ii) high sensitivity allowing to separate elementary 
processes; (iii) high repeatability; (iv) it is a rapid analysis allowing the 
collection of a large experimental data in short time; (v) simple and cheap 
able to be adopted as a routine test. 

b. The early stage of cement hydration is able to reveal structural features 
both for water/aqueous solutions and cement predicting the properties of 
the end products.  

c. The rate of cement hydration results to be directly correlated with the 
properties of the end products. 
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Figure  1.  Typical HRMC thermogram of isothermal hydration of cement. 
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Figure 2. Comparative hydration kinetics for different water-cement systems. 
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Figure 2. (continued). 
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Figure  3. Hydration kinetics of cement samples for each treated water 
                        relative to untreated water (R).  
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