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Abstract 

Application of nano-materials in cement products significantly, improves their properties. Of course, the 

effectiveness of the materials depends on their quantity and the way they are introduced into the system. So far, 

amongst nano-materials used in construction, the most preferred was nano-silica. This research investigated the 

effect of synthetic precipitated nano-silica on the cement hydration as well as, on the physical and mechanical 

properties of pastes and mortars. Obtained results showed that admixture of nano-silica enhanced flexural and 

compressive strength of cement after 2 and 28 days, however, only when admixture made up 0.5% and 1.0%. On 

the other hand, the use of nano-silica in the amount 2% had some limitations, due to its ability to agglomerate, 

which resulted in deterioration of the rheological and mechanical properties. 
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1 Introduction 

In the modern technology of building materials' production, materials are modified with nano-

particles or nano-composites [1, 2, 3]. Those materials have shown increased activity, what 

significantly have improved their properties and gave the opportunity to create new ones. It 

was considered that the modification of construction products with nano-materials has 

increased cohesiveness of the whole system because of its greater adhesion and cohesion [4]. 

However, using nano-particles can cause some problems such as their homogenization in the 

system and, due to high surface energy, the ability to form agglomerates. Therefore, the 

possibility of using nano-materials is the subject of many research papers [5-10]. Among 

nano-materials used in construction: nano- Al2O3, TiO2, Fe2O3 and SiO2, the most preferred is 

nano-silica, which one, due to its tetrahedral structure, exhibits ease of forming nano-

composites, while on the other hand, the amorphous phase of SiO2 in cementations materials 

is also, an active pozzolanic admixture. Depending on the method of production, grains can 

reach size from 5 to 100 nm with a specific surface varied from 120 to 450m2/g, which results 

in a high water requirement of the paste and hence, deterioration of its properties. The 

purpose of this paper is to present results of research on impact of applying precipitating 

nano-silica as an admixture on hydration process of cement, as well as on physical and 

mechanical properties of pastes and mortars. 
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2 Materials and investigation methods 

For this research purposes, Portland Cement CEM I 32.5 R and synthetic precipitated nano-

silica (NS) with pozzolanic activity of 405 mg CaO/1 g [11] were used. Silica was added to 

pastes and mortars in the amount of 0.5%, 1% and 2% of the weight of the cement. The 

chemical composition and specific area of the materials is given in Table 1. 

 

Table 1: Chemical composition and specific area of cement and nano-silica 

Materials 
Oxides, % by mass Loss of 

ignition,

% 

Specific  

area 

(m2/g) CaO SiO2 Al2O3 Fe2O3 MgO SO3 Na2O Cl- 

Cement      3,17 0,78 0,08 2,95 0,33 

Nano-

silica (NS) 
- 

93,5

2 
- - - 0,39 0,31 - 4,86 173 

 

Calorimetric tests were used to determine the effect of synthetic silica on hydration of cement. 

Cement pastes for research purposes were prepared with a constant water to binder ratio = 

0.3. The cement bonding times examination was carried out in accordance with PN-EN 196-3 

[12]. The grip between pastes and glass surface was tested after 2, 4, 6, 8, 24 hours of 

hydration. Test for bond strength of mortar was performed after 2, 28, 90 days according to 

PN-EN 196-1 [13]. To prepare cement mortars, 1% of plasticiser, the one based on 

polycarboxylate ethers, was added. Comparison of the results of strength tests between 

mortars with synthetic silica and those without any admixture was expressed by the index of 

active strength (IAS = [f mod/fk]*100, %). 

3 Results and Discussion 

For this research purposes, synthetic precipitated nano-silica was used, because it exhibits 

double effects on the properties of the cement paste. On one hand, it adsorbs water, due to a 

very well-developed specific surface area of 173 m2/g, which results in elongation of the 

bonding. On the other hand, it is a very reactive admixture and accelerates the bonding. 

Adding 1% of synthetic silica increased the water requirement of the paste by 5.6%, and had 

pozzolanic reactivity two times stronger than, for example, the micro-silica according to [11]. 

Calorimetric tests were performed to investigate the effect of different synthetic nano-silica 

content on cement hydration rates. The results are shown in Fig. 1 and the calorimetric curve 

characteristics is presented in Table 2.  

Table 2: Characteristic calorimetric of hydration Portland cement with admixtures nano-silica 

Admixture, % 
Total heat, 

kJ/kg 

Maximum rate evolution of 

hate in pre-induction stage of 

hydration (0-0,2h), J/g*h 

Maximum rate evolution of 

hate in post-induction stage of 

hydration (2-10h), J/g*h 

0 222,42 63,02 8,35 

0,5 242,89 31,50 10,09 

1 221,37 31,85 8,73 

2 220,98 50,20 8,88 
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Figure 1: Calorimetric curves hydration of Portland cement with admixtures nano-silica 

According to the calorimetric results given in Table 2, the highest hydration heat values were 

reached after 48 hours of hardening for paste with 0.5% of synthetic silica. Comparing to the 

control sample, the heat increased by 9%, indicating the acceleration of cement hydration. 

While, increasing the amount of admixture up to 1% and 2% caused slight reduction in the 

cement hydration heat. 

In the pre-induction stage of cement hydration, the highest heat release rate has been seen in 

the control cement sample, while introduction of 0.5% and 1% of the nano-silica decreased 

hydration rate almost twice. Reduction of hydration rate was related to water adsorption 

through nano-silica. On the other hand, increasing the nano-silica content to 2% has reduced 

the hydration rate only by 20%, which probably, has been related to the formation of 

agglomerates. In post-induction period, changes in the hydration rate have been noticed and 

maximal hydration rate was observed in paste with 0.5% of nano-silica. 

The effect of nano-silica on the bonding time has been presented in Table 3. 
 

Table 3: Setting time of cement pastes with nano-silica (NS) 

Binder Initial setting time, min Setting time, min 

100% cement 280 60 

99,5% cement +0,5% NS 275 45 

99% cement +1 % NS 250 50 

98% cement +2 % NS 180 70 

 

Compared to the control sample, the introduction of nano-silica hastened initial setting time 

for cement paste with 1% of nano-silica to 30 minutes and to 100 minutes for paste with 2% 

of nano-silica. The setting times of paste with 0.5% and 1% of nano-silica were shorter by 15 

and 10 minutes respectively, when compared to the control sample, while for the paste with 

2% of nano-silica, the setting time was to 20 minutes longer, due to increased water 

absorption. 
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It is known that the mechanical strength of mortar and concrete depends not only on the 

properties of the paste and aggregate but also, on the bonding force between them. The 

transition zone between aggregate and paste is characterized by greater porosity, so, it exhibits 

the weakest strength within the whole concrete. For this reason, the effect of nano-silica on 

the bonding of the paste to the ideal surface – glass – was determined, see Fig. 2. 
 

 
Figure 2: Bonding of the paste after 2, 4, 6, 8, 24 h hydration 

Because of high reactivity and water adsorption capacity, the strongest bonding after 2 hours 

was observed for paste with 2% of nano-silica. However, after 6 hours, changes in the grip 

occurred and better results were noticed for paste with 0.5% of silica. It has been confirmed 

by calorimetric tests where higher hydration rate was a characteristic for paste with 0.5% of 

silica, refer to Fig. 1.  
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Figure 3: Index of active strength on flexural and compressive vs content of nano-silica after 

2, 28, 90 days 
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The grip of paste with 0.5% of silica, after 8 and 24 hours of hardening, turned out to be 

approximately 37% stronger than the one of the control paste sample. On the other hand, 

increasing the amount of nano-silica to 1% and later on, to 2% has resulted in weaker bond to 

the surface. After 24 hours of hardening, the grip for investigated paste has decreased twice. 

In order to determine the effect of nano-silica on flexural and compressive strength, tests were 

performed after 2, 28 and 90 days, and they were compared to control mortar (IAS, %). 

Studies showed that the addition of 0,5% and 1% of nano-silica positively, affected flexural 

and compressive strengths. Highest IAS results were achieved after 2 days of hydration. 

Incorporation of 0.5% of precipitated silica increased early flexural strength by 9% and 

compressive strength by 23%. On the other hand, higher amounts of 2% nano-silica reduced 

flexural and compressive strength and, after 90 days of hardening, the reduction was up to 

15%. 

4 Conclusion 

Choosing the right amount of nano-silica has been crucial for the rheological properties of 

cement paste and mechanical properties of mortars. The results of conducted research showed 

that the admixture of nano-silica positively, affected flexural and compressive strength after 2 

and 28 days, but only for pastes with 0.5% and 1.0% of nano-silica. In contrast, the use of 

nano-silica in larger amounts of 2% was limited due to its ability to agglomerate, which 

resulted in deterioration of the rheological and mechanical properties. 

Calorimetric tests have shown that incorporation of nano-silica in the amount of 0.5% 

increased hydration heat and accelerated cement hydration. In the pre-induction period, which 

was associated with water adsorption and surface dissolution of cement grains, decrease in the 

rate of heat generation for the system with 0,5% of silica was observed, while for the post-

induction period, an increase in the rate of heat release was noticed. As the amount of nano-

silica increased, water requirement increased as well, while bonding and strength decreased. 

On the other hand, adding 0.5% of nano-silica strengthened the grip of the paste up to 37% 

after 24 hours of hardening and increased the early mortar strength to 23% and standard one 

to 10% 
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