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Abstract 

Although concrete is a material used all over the planet, the composition of cements and the use of supplementary cementitious materials 
interfere with hydration kinetics, formation of hydrated compounds, mechanical strength and durability parameters of cementitious 
materials in the face of aggressive agents. Water is one of these aggressive agents and, depending on the surrounding conditions, it can 
cause leaching of cementitious matrices through the dissolution and transport of calcium ions. Thus, the objective of this work is to 
evaluate mortars produced from three Brazilian cements in the face of an accelerated leaching process. Mortars were produced and used 
to mold prismatic and cylindrical specimens that, after wet curing, were exposed to an aggressive ammonium nitrate solution to simulate 
an accelerated leaching process. Tests of resistance to axial compression, advance of leaching and thermogravimetric analysis were 
performed at the ages of 0, 1, 3, 7 and 21 days after the beginning of exposure to ammonium nitrate solution. The results showed that the 
two cements containing pozzolanic materials (CP II-Z and CP IV) showed less decrease in compressive strength, less leaching progress 
and less loss of portlandite when compared to a cement containing only the addition of carbonate material (CP II-F), concluding that 
pozzolanic cements are beneficial for application in hydraulic structures as they delay the leaching phenomenon. 
Keywords: Portland Cement, Leaching, Durability, Performance. 

1. Introduction 

The ease of use, low cost, and high resistance make concrete the most consumed manufactured material in the world, with 
exponential growth in its use in recent years [1], [2]. Due to the fact that the main component of concrete is cement, an 
increase in the use of cementitious materials is generated, thus increasing CO2 emissions due to the high carbon footprint 
associated with clinker [3], [4]. In order to reduce CO2 emissions and confer certain properties necessary for specific 
applications, the cement industry began to develop new cement based on the use of supplementary cementitious materials 
(SCM). Brazil currently has 10 standardized types of cement, 9 of which have some type of SCM, ranging from carbonated 
materials, granulated blast furnace slag, and pozzolanic materials [5]. 
The change in the composition of the cement affects all the characteristics of the concretes produced, from the hydration 
kinetics to the composition of the hydrated products, this variation is more observed in pozzolanic cement [6]. In addition to 
the increase in AFM and Portlandite phases that are consumed in later ages by reaction with siliceous or silico-aluminous 
materials, the C-S-H structures formed from pozzolanic cement have lower Ca/Si ratios and an increase in the aluminate 
content. incorporated, which influences the mechanical properties and durability of concrete and mortar produced by the 
interaction of the cementitious matrix with aggressive agents [7], [8]. 
Although water is a fundamental element in the production of concrete and mortar, contact with it can cause degradation 
through some phenomena, such as leaching, characterized by the appearance of white precipitation on the surface as shown 
in Fig. 1 Leaching can be characterized as the dissolution and transport of calcium ions from hydrated compounds of a 
cementitious matrix when they come into contact with the flow of water, mainly pure or acid waters [9]. The rate of 
diffusion and dissolution of calcium ions depends on the size and connectivity between pores, so denser matrices with less 
interconnected pore networks tend to show better resistance to the initial leaching process[10], [11]. As the process 
progresses, the porosity and the diffusion coefficient increase, factors that, combined with the degradation of the concrete 
surface, can cause the depassivation of the steel and a greater propensity for reinforcement corrosion. [12], [13]. 
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Fig. 1. Examples of leaching in shotcrete [14]. 

 
The phenomenon of calcium leaching has been reported since 1920, but there are few case reports of severe damage to 
concrete structures due to the slow rate of degradation compared to other phenomena such as carbonation and alkali-
aggregate reaction [15]. In this sense, Neumann [16], evaluated the leaching process in the filling concrete of the Itaipu 
hydroelectric power plant, pointing out that between 1984 and 2019, 3.4 % of total calcium had been lost in the region that 
could be affected, a value considered within of the limits established during the conception and project phase. In addition, it 
is important to point out that the concrete studied was made with the addition of fly ash, which gives the mixture pozzolanic 
and, theoretically, a more refined pore structure, which may be one of the reasons for the good resistance to corrosion. the 
leaching. 
The present work is focused to evaluate the accelerated leaching process in three Brazilian types of cement, two of which 
are composed of SCM of pozzolanic origin and the other with the addition of limestone filler. Specimens were molded from 
mortars for compressive strength, leaching advance, and thermogravimetric tests. 

2. Materials and Methods 

Three Brazilian commercial types of cement with compositions obtained through XRF tests were used, according to Table 1. 
According to ABNT NBR 16697 [5], the three types of cement have different levels of additions of carbonate material, in 
addition, CP II-Z and CP -IV contain pozzolanic additions. 
 

Table 1. Results of the XRD tests of the cement. 

Cement 
% of weight 

CaO SiO2 MgO SO3 Al2O3 Fe2O3 K2O TiO2 SrO BaO MnO ZnO CuO loss on fire 

CP II F 12.67 3.65 3.46 3.26 2.99 1.09 0.21 0.18 0.14 0.06 0.01 0.01 8.36 63.91 

CP II Z 18.63 0.86 3.30 6.23 3.19 1.26 0.36 0.26 - - - - 5.92 59.95 

CP IV 21.66 1.74 1.85 6.38 2.72 0.94 0.36 0.31 - - - - 4.78 59.26 

 
The sand used in the production of mortars was normal Brazilian sand in fractions 16, 32, 50, and 100. It is produced by the 
Technological Research Institute (TRI) according to ABNT NBR 7214 [17]. 
A Transparent Epoxy Resin 2001 (0.670 kg) with Redelease Hardener 3154 (0.330 kg) was used in order to isolate the sides 
of the PCs so that the degradation process caused by accelerated leaching would occur only in the axial direction of the PCs. 
themselves. 
For the leaching stage, the aggressive agent used was ammonium nitrate in a solution of 2 moles per liter. Ammonium 
nitrate is an inorganic chemical compound that has a chemical formula NH4NO3, a molecular weight of 80.04 g/mol, and, 
in the concentration used, it accelerates the leaching process [18]. 
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2.1 Molding and curing of specimens 
For the performance of this work, some parameters were determined based on previous studies, such as the aggressive agent 
and the water-cement ratio. The mortars were prepared with a ratio of 1: 3: 0.55, and 5 cubic specimens (5 cm × 5 cm × 5 
cm) were cast to measure the progress of leaching, and 15 cylindrical specimens (5 cm in diameter × 10 cm high) for 
compressive strength tests and for the collection of material for thermogravimetry tests [19]. 
After molding, all specimens remained in the molds for 24 h and then underwent 270 days of moist curing in an immersion 
tank with water saturated with hydrated lime to prevent calcium loss. 
After 270 days of moist curing, the specimens were washed to remove excess lime adhering to their surface and left at room 
temperature for 24h to dry completely. After this procedure, the sides of the cylindrical PCs were resinified to allow the 
leaching to progress only in their axial direction. 
24 hours after the resining process, the cylindrical specimens were rectified to eliminate any imperfections that could 
interfere with the axial compression resistance test [19]. 
 
2.2 Accelerated leaching process 
The accelerated leaching process consists of immersing the test tubes in ammonium nitrate solutions (concentration of 2 
mol/l) in plastic containers with lids, with dimensions of 24 cm × 40 cm × 16 cm, as shown in Fig. 2. 7 liters of solution 
were prepared for each type of cement, a sufficient quantity to guarantee total immersion of all the specimens. The test tubes 
made with different types of cement were placed in separate plastic boxes to prevent samples of different chemical 
compositions from being in contact with the same solution. 
The data collection phase was carried out simultaneously with the accelerated leaching process. On dates 0, 1, 3, 7, and 21 
days (counted from the beginning of the immersion of the specimens in a leaching solution), a cubical specimen was 
separated to measure the progress of leaching by sprinkling the phenolphthalein solution. and three cylindrical specimens to 
measure the resistance to axial compression. The samples for the thermogravimetric tests were collected from the broken 
cylindrical specimen that presented an intermediate resistance between the 3 tested on the same date. 
 

 
 

Fig. 2. (a) Preparation of the ammonium nitrate solution and (b) test tubes before the start of the accelerated leaching process. 
 
The thermogravimetric test was carried out in a STA 8000 unit (Perkins Elmer) with heating of the sample at 35 ºC for 60 
minutes for the evaporation of free water and, subsequently, the heating ramp from 35 ºC to 1000 ºC at a rate of 10 ºC. / min, 
under a nitrogen atmosphere with a flow rate of 20 ml/min. Based on the mass loss curves obtained by the TG test and Table 
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2, prepared from the results of previous investigations of alliances with Itaipu Binacional, Portlandite (CH) losses have been 
quantified. 

Table 2. Temperature ranges considered for the evaluation of TG [16]. 
Element Temperature range 

H2O free, parts of ettringite and de CSH 35 ºC to 150 ºC 

CaSO4 • 2H2O 100 ºC to 165 ºC 

Fases AFt (ettringite) e AFm (monosulfates) 200 ºC to 400 ºC 

Hydroxides  330 ºC to 500 ºC 

Carbonates 600 ºC to 800 ºC 

3. Results and discussion 

3.1 Compression Strength 

The results of the compressive strength tests are shown in Fig. 3. Initially, after 270 days of curing, the pozzolanic reaction 
of the CP II-Z and CP IV cements is already in an advanced state. presenting higher resistance values than CP II-F mortars 
(cement with filler) by 40.5 % and 8.5 %, respectively. 
 

 
Fig. 3. Compressive strength. 

 
In addition to having lower initial strength, CP II-F showed a 15.7 % loss in mechanical strength after 21 days of 
accelerated leaching, the highest value among the three cements evaluated. CP II-Z showed a loss in strength of 
approximately 8 % while CP IV remained practically stable, corroborating the hypothesis that pozzolanic cements delay the 
calcium ion leaching process. 

3.2 Leaching progress 

From the measurements made with the Vernier (Fig. 4), it was possible to verify that CP II-F had the largest leached area 
among the three evaluated cements, as shown in Fig. 5. At 21 days, the process of leaching reached approximately 29.5 %, 
26.6 % and 24.7 % of the area of mortars produced with CP II-F, CP II-Z and CP IV, respectively. 
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Fig. 4. Measurement of leaching progress. 

 

 
Fig. 5. Leached area. 

3.3 Thermogravimetry 

The TG and DTG curves of all the collected samples were generated, as shown in Fig. 6, Fig. 7 and Fig. 8. In the DTG 
curves referred to day 0, it is possible to see the portlandite peak, being the same higher in CP II-F due to the absence of 
pozzolanic material. From day 1, the sharp portlandite peak is no longer seen due to leaching action. 
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Fig. 6. TG and DTG curves of mortars produced with CP II-F. 

 
Fig. 7. TG and DTG curves for mortars produced with CP II-Z. 

 
Fig. 8. TG and DTG curves of mortars produced with CP IV. 

 
After processing the data and with the help of Table 2, the Portlandite content in each of the samples was quantified, as 
shown in Fig. 9. 
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Fig. 9. Mass of portlandite existing in the cement matrix. 

 
From these analyzes it is possible to verify that the portlandite was completely leached in the first days of exposure to the 
aggressive agent, as observed by the absence of a mass loss peak between 330 ºC and 500 ºC in the DTG curves of different 
ages. of 0 days. 
Despite the fact that CP II-F presented more portlandite initially, its consumption rate was higher, which caused the 21-day 
period to show the least amount of portlandite among the three variations evaluated. It can be assumed that the pozzolanic 
cements gave rise to a cement matrix with smaller and less connected pores, slowing down the rate of diffusion of the 
aggressive agent that causes the leaching of calcium ions. 

4. Conclusions and recommendations 

Based on the results obtained so far, it is possible to conclude that the presence of pozzolanic materials is beneficial to delay 
the leaching process. In addition, these cements are recommended for use for large structures such as bridges and dams - as 
they have less heat of hydration and often lower levels of C3A, lowering the risk of sulfate attack. 
Although the chemical characterization by XRF has been carried out, the cement industries in Brazil are not required to 
report the actual composition of the cement. Thus, it is impossible to know which were the pozzolanic materials and what 
was the addition content in each of the cements (CP II-Z and CP IV), so it is not possible to make comparisons at this level. 
In addition, it is important to highlight that the information presented in these documents are only partial results and at the 
moment XRD and SEM tests are still being carried out to corroborate the hypotheses proposed, evaluate the Ca / Si ratio of 
CSH and how it interferes in the process of leaching 
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