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The effect of nanosilica particles on blended cement was studied. Owing to its pozzolanic activity and its particle size, the nano 
silica reacts with the calcium hydroxide to form additional calcium silicate hydroxide (C-S-H) (Björnström et al., 2004). [1] 
improving the properties of the mix in both the fresh and the hardened states (Berra et al.2012). [2] Additionally, owing to its size 
and chemical affinity, the nanosilica refines the pore structure of the matrix and increases its mechanical strength (Ji, 2005).[3]
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With the emergence of nanotechnology, inclusion of 
Nanomaterials in cementitious composites was a subject of 
many studies [1-4] reputedly, nano materials enhance 
properties of cement matrix through several mechanism. For 
examples, nanosilica contributes to a denser microstructure of 
the cement matrix by filling pores and better distribution of 
hydration products through nucleation effect [5-8]. Moreover, 
nanosilica with high amount of SiO2 increases the pozzolanic 
reaction rate and leads to a stronger interfacial transition zone 
and denser microstructure of the cement matrix [9-10]. Few 
studies have been performed using cement and nanosilica. It 
has been found that the high surface area of nanosilica particle 
is capable of modifying not only the kinetics of the formation of 
CSH and calcium hydroxide but also the kinetics of formation 
of ettringite (Aft) and calcium monosulfoaluminate (Afm), this 

is probably due to an adsorption of ions in the surface of the 
nanoparticles that is able to modify the sulfate equilibrium in 
the solution. It has also been found that nanosilica can increase 
the length of the CSH chains from cement hydration and 
stabilizes Aft up to 28 day of hydration.

Materials and Methods
The starting materials used in this work were Ordinary 
Portland Cement (OPC), nano-silica (NS). The results of 
chemical analysis of OPC and NS are given in Table 1. 

2Blaine surface area of OPC and NS were 3000 and 92 m /g 
respectively.
The average particle size of nano-silica (NS) was 1 nm; The 
amorphous nature of NS-particles was verified using XRD, 
TEM and SEM (Figs. 1 and 2).

Fig: 1.XRD diffraction patterns of NS
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Fig: 2.TEM and SEM of NS

2.2.1. Preparation of cement pastes and mortars

OPC was substituted with NS up to 6 mass%. The OPC–NS 
cement blends were mixed in a rotary mixer. NS particles are 
not easy to disperse uniformly due to their high surface energy. 
Accordingly, the mixing was performed as follows: (i) NS was 
stirred with water/binder ratio of 0.25 in the presence of 1.0% 
superplasticizer at high speed of 120 rpm for 2 min, (ii) the 
cement and the residual amount of mixing water were added to 
the mixer and mixed at medium speed (80 rpm) for another 1 
min, and (iii) the mixture was allowed to rest for 90 s and then 
mixed for 1 min at high speed (120 rpm). For preparation of 
mortars, the sand was added gradually and mixed at medium 
speed for additional 30s, then (ii).The mortars were prepared by 
mixing 1 part of cement and 2.75 parts of standard sand 
proportion by weight with water content sufficient to obtain a 
flow of 110 ± 5 with 25 drops of the flow table [10]. Freshly 
prepared cement mortars were placed into 50 mm cubic moulds 
in two approximately equal layers manually, compacted and 
pressed until a homogeneous specimen was obtained. The 
moulds were vibrated for a few minutes to re-move any air 
bubbles and better compaction. The mix compositions of the 
prepared blends are shown in Table 2. The required water of 
standard consistency and setting times was measured according 
to ASTM specification.

                            

Table: 1
Chemical analysis of OPC and NS (mass %)

      

 
Compositions OPC NS 
SiO2 21.40 98.61 

Al2O3 3.67 0.01 

Fe2O3 5.05 0.01 

CaO 64.73 0.01 

MgO 1.50 0.01 

SO3 2.05 0.29 

Na2O 0.30 0.3 

K2O 0.22 0.045 

LOI 2.60 0.71 

Total 99.70 99.99 
   

 
 

 

  
Mix. no. OPC NS Water of standard 

   consistency (%) 
M0 100 0 27.0 

M1 99 1 27.6 

M2 98 2 28.2 

M3 97 3 28.7 

M4
 

96
 

4
 

29.1
 

M5
 

95
 

5
 

29.5
 

M6
 

94
 

6
 

30
 

    

 

                                Table: 2
Mix composition of the prepared blended 
cements, mass%
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Results and discussion
Water of  standard  consistency and  setting times
The variations of the required water of standard consistency 
and setting times of the fresh cement pastes are graphically 
represented in Fig.3. It can be seen that the water demand and 
setting times increase with increasing NS%. The increase in the 
required water of standard Consistency is attributed to the 
acceleration of the hydration process of cement phases under 
the effect high fineness and surface energy of NS particles [7]. 
Thus the pastes containing NS require higher amounts of water 
of standard consistency more than the neat OPC paste [M0] due 
to the high surface area of NS to form more hydrated products 
[13]. The initial and final setting times were elongated.

Fig:  3  Variation  of  initial  and  final  setting
The compressive strengths of  the cement times with hydration 
time are given in Fig. 4. Thevalues increase with hydration time 
and are higher than OPC. The values of compressive

Fig: 4 Variation of compressive Strength with hydration time.
strengths of OPC–NS blended cement mortar are higher than 
those of the OPC mortar; this is due to the, continuous 
hydration and formation of excessive amounts of hydrated 
calcium silicate and alumino-sil-icates (the main source of the 
compressive strength).

Conclusion
The required water of consistency decreases and setting times 
are elongated in the presence of nanosilica. The compressive 
strength is also higher in the presence of NS.
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