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A B S T R A C T 

The use of cement and concrete is becoming increasingly widespread all over the 
world. However, the high energy consumption required for the production of clinker 

and the greenhouse gas emissions generated during production negatively affect 

both the economy and the environment. In the studies conducted for many years, 

researchers have found that the substitution of various pozzolans with cement pro-

vides both technical advantages and environmental benefits. The use of pozzolans in 

cementitious composites provides advantages such as the improvement of the phys-

ical and mechanical properties of the material, the conservation of the environment 

and the economy in terms of the evaluation of industrial wastes. In recent years, stud-

ies on the use of nanoparticles in cementitious composites are positively. In this 
study, it was aimed to investigate the properties of fresh and hardened cement mor-

tars using micro silica as pozzolan and nano silica as nanoparticle. For this purpose, 

four different cement pastes and mortars mixtures were prepared by substituting 

0%, 1%, 2%, 3% nano SiO2 (silica) cement in mortar mixtures containing 5% micro 

silica. The effects of the nano silica on the micro silica-containing cement paste on the 

consistency and setting time were investigated. The mortar mixtures produced were 

subjected to flexural and compressive strength tests on days 7, 28 and 90th. SEM im-

ages of mortar mixtures were taken. As a result, it was found that 2% nano silica ad-

mixture of 5% micro silica containing cement admixture affects the flexural and com-

pressive strength positively, whereas 2% nano silica admixture increased the flex-

ural strength by 13% and compressive strength by 7%. 
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1. Introduction 

In the World, studies for discovering new areas with 
respect to nano technologies applications in all science 
and engineering branches have gone on. In construction 
sector, researches on using carbon nano tubes and nano 
particles in concrete, ceramics and glass production 
have been made. Specifically in cement based compo-
sites, strength and durability enhancing through nano 
material usage is at the top ranks among expected re-
turns (Özbora et al., 2013; Bozoğlu and Arditi, 2012). Ad-
ditionally, today scientists doing research about nano 
technology in concrete and cement concentrate on hy-
dration reaction and effects of nano particles over con-
crete features (Özbora et al., 2013). 

 
Concrete is a composite material and includes hydra-

tion products in nano and micro scale. Particle sizes and 
specific surface areas of concrete constituents are seen 
in Fig. 1. Although it is resulting from the Fig. 1 that con-
ventional concrete doesn’t contain nano particle, chemi-
cal additives, water in gel spaces and as a hydration 
product C-S-H gels are indeed nano scale substances. 

In concrete sector, researches for nano technology us-
age is going on but, it is known that applications are lim-
ited. However, improvement of physical and mechanical 
characteristics in cement-based materials are certain ac-
cording to obtained results. Some developments ob-
tained in cement-based composites through nano parti-
cles usage are summarized below (Özbora et al., 2013):  
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• Adherence between aggregate and cement paste 
strengthens. 

• Micro crack generation decreases, and these cracks 
heals by their self. 

• Concrete permeability declines. 
• Shrinkage generation diminishes. 

• Negative effect of aggregates involving clay lessen. 
• Elasticity module increases. 
• Resistance of concrete to heat rises. 
• Durability features like alcali silica reaction, corro-

sion, freezing-dissolution improve.

 

Fig. 1. Particle sizes and specific surface areas of concrete materials.

The most commonly used nano particles in cement 
and concrete are nano SiO2, nano Al2O3 and nano TiO2. 
Studies about nano particle usage over hydration, rheo-
logical structure, micro pattern, strength, elasticity mod-
ule features of cement and concrete have been in litera-
ture. Some results of these studies are: 
• Compressive strength of cement mortar increases 

111.2% on 7th day and 108.6% on 28th day via adding 
1% nano CaCO3 to cement mortar by weight, while 
compressive strength of concrete mortar rises 14% on 
7th day and 16.7% on 28th day via adding 1% nano Al2O3 
to concrete mortar by weight (Zhang et al., 2015). 

• When water/cement ratio is 0.40 and 0.60, the high-
est compressive strength in both water/cement ratios 
on 28th day is given by mortars involving 5% nano 
TiO2 among 0%, 1%, 3% and 5% of TiO2 usage ratios 
(Lee et al., 2013). 

• In a study about self-compacting concrete that is 
blended with nano SiO2 and fly ash, the highest com-
pressive strength on 28th day is in self compacting 
concrete samples containing 0% fly ash and 4% nano 
SiO2 (Güneyisi et al., 2015). 

• According to another study that nano SiO2, 
Cu0.5Zn0.5Fe2O3 ve NiFe2O4 powders are used, opti-
mum dosage is 3% in concretes produced with nano 
SiO2, while it is 2% in the other concretes using 
Cu0.5Zn0.5Fe2O3 and NiFe2O4 powders. Concrete sam-
ples involving nano SiO2 give better results than sam-
ples containing Cu0.5Zn0.5Fe2O3 and NiFe2O4 (Amin 
and Abu El-Hassan, 2015). 
Pozzolana usage is commonly used in cement-based 

composites. Through adding silica fume to concrete, 

compressive strength increases, shrinkage decreases, 
abrasion resistance rises, adherence grows and permea-
bility diminishes. Economical and ecological benefits of 
silica fume should not be overlooked in addition to its 
positive contribution over concrete features (Topçu and 
Canbaz, 2002). It is well known that the addition of micro 
silica can improve the strength and durability of con-
crete and the addition of nano silica can also improve 
certain properties of concrete (Li et al., 2017). In litera-
ture context, micro and nano silica usage in both cement 
mortars and concrete is seen to be extensive.  

The aim of this study is to determine usability of 2 
materials that have micro and nano sizes together in ce-
ment mortars. Silica fume and nano silica are preferred 
respectively as a micro material and nano particle. 
Moreover, nano silica’s effects over mechanical charac-
teristics of silica fume added cement mortars are inves-
tigated. 

 

2. Materials and Method 

2.1. Materials 

In the study, the CEM I 42,5 R cement supplied from 
Akcansa Cement Plant, micro silica, nano silica, CEN 
standard sand and mains water are used. Chemical, 
physical and mechanical properties of the cement are 
given in the Table 1 (TS EN 197-1 2012). 

Micro silica that has a 2.32 g/cm3 particle density is 
supplied from Antalya Eti Electro-Metallurgy Plant. Its 
chemical features are seen in the Table 2.  
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Table 1. Chemical, physical and mechanical properties of the CEM I 42,5 R cement. 

Analysis Oxide Value Analysis Tests Value 

   
   

  C
h

e
m

ic
al

 (
%

) 

CaO 62.64 

P
h

y
si

ca
l 

Blaine, cm2/g 3269 

Al2O3 4.56 Volume expansion, mm 2.0 

Fe2O3 3.36 Intensity, g/cm3 3.12 

SiO2 19.05 Setting start time, min. 150 

SO3 2.88 Setting finish time, min.  210 

MgO 2.98 

M
ec

h
an

ic
al

 Day MPa 

Na2O 0.15 2. day 32.5 

Ignition loss 3.02 7. day 43.4 

Insoluble residue 0.30 28. day 53.6 

Table 2. Micro silica’s chemical features. 

Oxide SiO2 Al2O3 Fe2O3 CaO MgO SO3 

Micro silica 81.40 4.47 1.40 0.82 1.48 1.30 

Nano silica’s average particle size is 30 nm and has a 
99.9% purity. B.E.T. surface area is 440 m2/g, its color is 
white. Nodular nano SiO2 has a density between 2.2-2.6 
g/m3. Binding materials used during the study are seen 
in the Fig. 2. 

CEN standard sand in conformity with TS EN 196-1 
supplied from Kırklareli Limak Cement Plant is used in 
mortar admixtures. Its sieve analysis is given the Table 3. 

In the study, cement pastes and mortar admixtures are 
produced in four different groups and defining codes are 
given to the samples. The codes are shown in the Table 4. 

On the prepared cement pastes, consistency experi-
ments and determination tests for initial and final setting 
time are done according to the TS EN 196–3. 

According to the TS EN 196-1 mass ratios of mortar 
constituents are prepared in the way of 1 portion cement 
(450 gr), 3 portions standard sand and 0,5 portion water 
(225 gr). In this study, 4 different mortar admixtures are 
prepared with cement, micro silica, nano silica, standard 
sand and water. Material quantities for the mortar ad-
mixtures are seen in the Table 5. 

Samples belonging to the mortar admixtures 5S, 
5S+1NS, 5S+2NS and 5S+3NS are subjected to flexural 
strength test on 7th, 28th, 90th days. The experiment car-
ried out with 3-point method. Prismatic samples that 
have 40 mm x 40 mm x 160 mm sizes (TS EN 196–1, 
2016).

 

Fig. 2. a) Micro silica; b) Nano silica; c) Cement. 

Table 3. Standard sand sieve analysis. 

Square aperture size 
(mm) 

Cumulative retaining at sieve 
(%) 

2.00 

1.60 

1.00 

0.50 

0.16 

0.08 

0.00 

0 

7+5 

33+5 

67+5 

87+5 

99+1 

0 
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Table 4. Codes of the mortar samples. 

Sample Name Code 

Cement pastes or mortar with 5%  micro silica substitution 5S 

Cement pastes or mortar with 5%  micro silica + 1% nano silica  substitution 5S+1NS 

Cement pastes or mortar with 5%  micro silica + 2% nano silica  substitution 5S+2NS 

Cement pastes or mortar with 5%  micro silica + 3% nano silica  substitution  5S+3NS 

Table 5. Material quantities for the mortar admixtures. 

Sample Code Cement, gr Micro silica, gr Nano silica, gr Standard sand, gr Water, gr 

5S 427.5 22.5 0 1350 255 

5S+1NS 423.0 22.5 4.5 1350 255 

5S+2NS 418.5 22.5 9.0 1350 255 

5S+3NS 414.0 22.5 13.5 1350 255 

Compressive strength experiments are made on the 6 
samples with 40 mm x 40 mm x 40 mm size resulting 
from flexural strength. Compressive strength device is 
arranged at appropriate capacity and loading speed 
(2400±200) N/s for the experiment. Semi-prisms ob-
tained after flexural test are located without overflowing 
not more than ±5 mm between plates of the device by 
centering. Loading to the device are made until it is cut 
at (2400±200) N/s speed. The result of compressive 
strength experiment are stated as arithmetical mean of 
6 results that are assigned from 3 prism sets (TS EN 196–
1, 2016).  

 

3. Results and Discussion 

In the study, by being put in nano silica substitution in 
the ratios respectively 0%, 1%, 2% and 3% to the 5% mi-

cro silica added cement pastes and mortar samples, ad-
mixtures are prepared. Consistency- setting time deter-
mination tests are made on cement pastes belonging to 
5S, 5S+1NS, 5S+2NS and 5S+3NS admixture, whereas on 
mortars, compressive- flexural experiments are done on 
7th, 28th and 90th days. 

The results obtained from the consistency test over 
the cement pastes with micro silica (5%) and nano silica 
(0%, 1%, 2%, and 3%) substitution are seen in the Fig. 3. 
Nano silica substitution slightly effects water necessity. 
Water quantity increased by 0.65% for 1% and 2% sub-
stitution rates according to the 5% micro silica substitu-
tion (0% nano silica substitution). 3% nano silica substi-
tution increased the water requirement by 3%. 

The results obtained from setting time experiments 
over the 5% micro silica and nano silica substituted 
(with different rates) cement pastes are seen in the 
Fig. 4.

 

Fig. 3. Water necessities of cement pastes with micro and nano silica substitutions. 
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Fig. 4. Initial and final setting times of cement pastes with micro and nano silica substitutions.

When initial and final setting times of the 5S, 5S+1NS, 
5S+2NS and 5S+3NS cement pastes are analyzed, it is 
seen that initial setting time extends whereas final set-
ting time decreases in condition that nano silica substi-
tution increases. Cement mortar containing 5% micro 
and 3% nano silica have more initial setting time. 3% 
nano silica substitution increases initial setting time by 
5% compare to cement paste without nano silica. This 
result is parallel with literature. Kumar and Singh (2018) 
studied the effect of nano silica on setting times and ob-
served that initial setting time increases with the addi-
tion of nano silica (Kumar and Singh, 2018).  

Cement technology and industry that developed fast 
in the end of 19th century has gradually shown progress 
from the point of quality. Cement enters the hardening 
(setting) process by starting reaction when it gets in 
touch with water. This process stays in certain limits. 
Standards define at least 1 hour and 10 hours respec-
tively for setting starting and setting finishing time. If 
setting starting process is fast, carrying and placing of 
fresh concrete is very difficult. If hardening becomes late, 

concrete can’t obtain its strength in desired time and 
formwork removal time lingers. So, concrete is affected 
from out climate conditions (Çelik et al., 2004). 

Cement pastes belonging to mixtures that produced in 
study progress, don’t exceed the rule “initial setting time 
can’t be less than 1 hour” defined in the standard (TS EN 
197-1, 2012). 

Çelik et al. (2001), researched silica fume’s effect over 
Portland cement’s setting time through 5%, 10% and 
15% silica fume substituted to Portland cement and 
found that the mixture with 5% silica fume had no effect 
to setting time while the mixtures with 10% and 15% sil-
ica fume clearly delays setting times. 

Findings obtained from flexural strength tests over 
the 5% micro silica and nano silica substituted (with dif-
ferent rates) mortar samples that were done on 7th, 28th 
and 90th days are given in the Fig. 5. 

Changes of flexural strengths when substituting nano 
silica to micro silica added mortars are concluded at the 
Table 6. At all ages, the best flexural strength value be-
longs to 5S+2NS mortar admixtures. 

 

Fig. 5. Flexural strength results of mortar mixtures. 
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Table 6. According to 5% micro silica added mortars, the effect of nano silica substitution  
over flexural strength (+, increases; -, decreases). 

Substitution Rate 7th day 28th day 90th day 

%1 NS +10.0 +2.0 +6.0 

%2 NS +17.0 +10.0 +13.0 

%3 NS -1.0 -7.0 -8.0 

Among the mortar samples whose flexural strength 
studied, the highest strength values on 7th, 28th and 90th 
days are obtained from 5S+2NS mortar mixtures. Ac-
cording to 5% micro silica added mortars 1% and 2% 
nano silica substitution increases flexural strength re-
spectively 6% and 13% on 90th day, while 3% nano silica 
substitution decreases flexural strength. 

Findings obtained from compressive strength tests 
over the 5% micro silica and nano silica substituted 

(with different rates) mortar samples that were done on 
7th, 28th and 90th days are given in the Fig. 6. 

Changes of compressive strengths when substituting 
nano silica to micro silica added mortars are concluded 
at the Table 7. At all ages, the best compressive strength 
value belongs to 5S+2NS mortar admixtures. On 90th 
day, 2% nano silica substitution increases compressive 
strength 7%.

 

Fig. 6. Compressive strength results of mortar mixtures. 

Table 7. According to 5% micro silica added mortars, the effect of nano silica substitution  
over compressive strength (+, increases; -, decreases). 

Substitution Rate 7th day 28th day 90th day 

%1 NS +3.0 +6.5 +2.0 

%2 NS +4.5 +8.0 +7.0 

%3 NS -2.5 +4.0 -7.5 

Li et al. (2017) determined micro and nano silica us-
ing increases cube strength, sulphate, carbonation and 
chlorine resistance. However, it is found that based on 
powder type and combination, nano powders usage in 
mortars containing micro silica has an upper limit. In a 
study, this limit is specified as 1.25% and it is ascer-
tained that when it is surpassed, quantity of space grow 
because of coagulation (Oltulu and Şahin, 2013). In this 
study, it is found nano silica usage with a ratio of 3%, de-
creases both flexural and compressive strength. In this 
context, it is thought that coagulation happened with a 
3% ratio and due to the spaces, this coagulation affects 
strengths negatively. 

Jo et al. 2007 explored that in nano SiO2 is a filler ma-
terial developing microstructure and the more silica fume 
and nano SiO2 quantities increase, the more compressive 
strength of mortar increases (7th and 28th day). Also it is 
known that the compressive and flexural strength of the 
cement mortars with nano SiO2 were higher than that of 
the plain cement mortar (Li et al., 2004).   

The authors (Haruehansapong et al., 2014) investi-
gated on the cement composite with silica fume and with 
9% of nano SiO2. It was found that the microstructure of 
control cement paste and cement paste with silica fume 
was similar. The silica fume has lesser pozzolanic activ-
ity and filling ability compared to nano SiO2. 
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Li et al. (2018) demonstrated that with both micro silica 
and nano SiO2 added together, the compressive strength 
and elastic modulus could be increased to higher than 
those achievable with only MS added or only NS added.  

SEM images obtained from the mortar samples 5S, 
5S+1NS, 5S+2NS and 5S+3NS are seen in the Fig. 7. Ac-
cording to the SEM images of all the cement mortars, C-
S-H phase which is intensively prevalent to the structure 
is seen. Formless gel constitutes prevalent phase in the 
all structure, forms a linkage between hydration prod-
ucts and tries to fill spaces. The phase tries to fill the 
spaces in the 5S cement paste, but the 1-2 micron length 
sporadic spaces are encountered even though they are 

very few. Additionally, cracks are run across even if they 
have very small sizes. 

Besides, it is seen that 5S+1NS and 5S+2NS coded ce-
ment pastes have a more solid and stable structure. Abd 
El-Baky et al. (2013) determined that cement mortar 
containing nano silica have more homogeneity binder, 
less pores, more adhesion at interfacial zone in SEM 
analysis. However, it is found that as per the other sam-
ples, 5S+3NS cement paste has a more porous structure 
that is up to 3 micrometer. It is known that excessive 
dosage of NS would result in more serious agglomera-
tion of nano particles, with decline in nano effect 
(Zhanga et al., 2018).

 

Fig. 7. SEM images of the mortar admixtures.

4. Conclusions 

According to consistency, initial and final setting time 
experiments over the cement pastes of 5S, 5S+1NS, 
5S+2NS and 5S+3NS mixtures, it is found that 3% nano 
silica substitution somewhat increases water necessity 
and all the nano silica substitutions extend initial setting 
time whereas they shorten final setting time as per mor-
tar mixture containing 5% micro silica. 

With regard to flexural and compressive strength 
tests on 7th, 28th and 90th days over the cement pastes of 
5S, 5S+1NS, 5S+2NS and 5S+3NS mixtures, in compari-
son with mortar samples containing 5% micro silica, it is 

detected 1% and 2% nano silica substitutions increases 
flexural and compressive strength, whereas 3% nano sil-
ica substitution decreases these strengths. 

It is established that 2% nano silica substitution to 5% 
micro silica added cement mortars affects flexural and 
compressive strength positively. On 90th day, 2% nano 
silica substitution increases flexural strength 13% and 
compressive strength 7%.  

On the other hand, 3% nano silica substitution de-
creases 8% flexural strength and compressive strength 
7.5% in comparison with mortar mixture containing 5% 
micro silica. 

 



 Bekem Kara and Durmuş / Challenge Journal of Concrete Research Letters 10 (2) (2019) 42–49 49 

 

Acknowledgements 

This research has been supported via 2016.F94.02.02 
numbered Project by Artvin Çoruh University Scientific 
Research Projects Fund. The authors gratefully 
acknowledge the financial support provided by Artvin 
Çoruh University. 

 

Publication Note 

This research has previously been presented at Inter-
national Civil Engineering and Architecture Conference 
(ICEARC’19) held in Trabzon, Turkey, April 17-20, 2019. 
Extended version of the research has been submitted to 
Challenge Journal of Concrete Research Letters and has 
been peer-reviewed prior to the publication. 

REFERENCES 
 

Abd El-Baky S, Yehia S, Khalil IS (2013). Influence of nano-silica addi-

tion on properties of fresh and hardened cement mortar. NANOCON 

Brno, Czech Republic, EU, 10, 16–18. 
Amin M, Abu el-hassan K (2015). Effect of using different types of nano 

materials on mechanical properties of high strength concrete. Con-

struction and Building Materials, 80, 116–124.  
Bozoğlu Demirdöven J, Arditi D (2012). Nanotechnology applications 

in structures and construction management. 2. Project and Con-

struction Management Congress, İzmir, Turkey, 43. 
Çelik MH, Özgan E, Kösen N (2004). The Effect of crom magnesit brick 

dust on the starting and finishing setting time of portland cement. 

Journal of Polytechnic, 7(1), 79–85. 
Çelik MH, Şimşek O, Sancak E (2001). The Effect of silica fume on the 

starting and finishing setting time of portland cement. Journal of 

Polytechnic, 4(4), 55–60. 
Güneyisi E, Gesoğlu M, Al-Goody A, İpek S (2015). Fresh and rheological 

behaviour of nano-silica and fly ash blended self-compacting con-

crete. Construction and Building Materials, 95, 29–44. 
Haruehansapong S, Pulngern T, Chucheepsakul S (2014). Effect of the 

particle size of nanosilica on the compressive strength and the op-

timum replacement content of cement mortar containing nano-SiO2. 
Construction and Building Materials, 50, 471–477. 

Jo B, Kim C, Tae G, Park J (2007). Characteristics of cement mortar with 

nano-SiO2 particles. Construction and Building Materials, 21, 1351–
1355.  

Kumar A, Singh G (2018) Effect of nano silica on the fresh and hardened 

properties of cement mortar. International Journal of Applied Engi-
neering Research, 13, 11183–11188.  

Lee BY, Amal R, Jayapalan AR, Kurtis KE (2013). Effects of nano-TiO2 

on properties of cement-based materials. Magazine of Concrete Re-
search, 65(21), 1293–1302.  

Li H, Xiao H, Yuan J, Ou, J (2004). Microstructure of cement mortar with 

nano-particles. Composites: Part B, 35, 185–189. 
Li LG, Zheng JY, Zhu J, Kwan AKH (2018). Combined usage of micro-

silica and nano-silica in concrete: SP demand, cementing efficien-

cies and synergistic effect. Construction and Building Materials, 168, 
622–632. 

Li LG, Zhu J, Huang ZH, Kwan AKH, Li LJ (2017). Combined effects of 

micro-silica and nano-silica on durability of mortar. Construction 
and Building Materials, 157, 337–347. 

Oltulu M, Şahin R (2013). Effect of Nano-SiO2, nano-Al2O3 and nano-

Fe2O3 powders on physico-mechanical properties of cement mortar 
containing silica fume. Ready Mixed Concrete Congress, İstanbul, 

Turkey, 225–235. 

Özbora AA, Tarhan M, Engin Y (2013). The Role of nanotechnology in 
the future of concrete. Ready Mixed Concrete Congress, İstanbul, 

Turkey, 304–312. 

Sanchez F, Sobolev K (2010). Nanotechnology in concrete-a review. 
Construction and Building Materials, 24, 2060–2071. 

Topçu İB, Canbaz M (2002). Investigation of the interfacial surfaces of 

concrete with silica fume. ECAS 2002 International Building and 
Earthquake Engineering Symposium, Ankara, Turkey, 469–476. 

TS EN 196–1 (2016). Methods of testing cement-Part 1: Determination 

of strength. Turkish Standards Institution, Ankara, Turkey. 
TS EN 196–3 (2016). Methods of testing cement -Part 3: Determination 

of setting times and soundness, Turkish Standards Institution, An-

kara, Turkey.  
TS EN 197-1 (2012). Cement-Part 1: Composition, specification and 

conformity criteria for common cements. Turkish Standards Insti-

tution, Ankara, Turkey. 
Zhang R, Cheng X, Hou P, Ye Z (2015). Influences of nano-TiO2 on the 

properties of cement-based materials: Hydration and drying 

shrinkage. Construction and Building Materials, 81, 35–41. 
Zhanga B, Tana H, Shena W, Xua G, Maa B, Jia X (2018). Nano-silica and 

silica fume modified cement mortar used as surface protection ma-

terial to enhance the impermeability. Cement and Concrete Compo-
sites, 92, 7–17. 


