
Journal of American Science 2012;8(7)                                                    http://www.jofamericanscience.org 

  

http://www.americanscience.org            editor@americanscience.org 395

Effect of binder content, pozzolanic admixtures and SiO2 nanoparticles on thermal properties and capillary 
water absorption of high performance concrete 

 
Mostafa Jalala,b٭, Ali Noorzadb 

 
a Concrete Technology and Durability Research Center, Amirkabir University of Technology, Tehran, Iran 

b Department of Civil Engineering, Power and Water University of Technology (PWUT), Tehran, Iran 
 Corresponding author, Email: mjalal@aut.ac.ir or m.jalal.civil@gmail.com ٭

 
Abstract: This paper investigates the effects of some admixtures including silica nanoparticles, silica fume and Fly 
Ash along with binder content on thermal properties and capillary water absorption of high performance concrete 
(HPC). For this purpose, a fraction of Portland cement was replaced by silica fume, silica nanoparticles, blend of 
silica fume and silica nanoparticles and three percentages of fly ash as 10, 2, 10+2% and 5, 10 , 15% respectively. 
Specimens were prepared with two binder contents as 400 and 500 kg/m3. Thermal properties were investigated via 
thermogravimetric analysis (TGA). Capillary water absorption tests of the specimens were carried out at the age of 
90 days. The results showed that the pozzolanic admixtures especially blend of silica fume and SiO2 nanoparticles 
have an significant effect on thermal properties and particularly capillary water absorption. 
[Jalal M, Noorzad A. Effect of binder content, pozzolanic admixtures and SiO2 nanoparticles on thermal 
properties and capillary water absorption of high performance concrete. J Am Sci 2012;8(7):395-399]. (ISSN: 
1545-1003). http://www.jofamericanscience.org. 61 
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1. Introduction 

High performance concrete (HPC) offers high 
strength, better durability properties, and good 
construction. High strength is one of the important 
attributes of HPC. High strength concrete, according 
to American Concrete Institute Committee ACI 363 
R [1], is the concrete which has specific compressive 
strength of 41 MPa or more at 28 days. The HPC 
offers significant economic and architectural 
advantages over NSC in similar situations, and is 
suited well for constructions that require high 
durability. On one hand it is known that high cement 
content usually introduces high hydration heat, high 
autogenous shrinkage and high cost. Moreover, the 
consumption of natural resources and carbon dioxide 
emissions associated with cement production can 
cause serious environmental impacts. On the other 
hand, it is worldwide accepted that energy saving in 
building technology is one of the most important 
problems in the world. Reduction of energy usage 
can be taken place even by design methods [2,3] or 
using waste materials [4–6].  

Nowadays, most industrial wastes are being used 
without taking full advantages of their characteristics 
or disposed rather than used. Among these materials, 
fly ash (FA), a by-product of thermal power plants, 
and ground granulated blast furnace slag (GGBFS) 
have been reported to improve the mechanical 
properties and durability of concrete when used as a 
cement replacement material [7, 8]. It is worth 
mentioning that for example in Turkey, more than 13 
million tons of FA has been produced per year, 
however, because of insufficient data on the 

properties of fly ash and concrete incorporating FA, 
only 5% of this amount is utilized in construction 
industry [9]. Therefore, one solution to reuse such 
industrial wastes and reduce the cost of SCC is the 
use of mineral admixtures such as limestone powder, 
natural pozzolans, GGBFS and FA.  

The amount of FA in concrete for structural use 
is generally limited to 15–25% of the total 
cementitious materials. Concretes containing large 
amounts of FA were initially developed for mass 
concrete applications to reduce the heat of hydration 
[10]. Canada Centre for Mineral and Energy 
Technology first developed high volume FA concrete 
for structural use by the late 1980’s [11]. In a study 
undertaken by Bouzoubaâ and Lachemi, it was 
shown that it was possible to design SCC with high 
volumes of FA by replacing up to 60% of cement 
with Class F FA [12]. Moreover, Nehdi et al. also 
studied the durability of SCC with high volume 
replacement materials (FA and ground granulated 
blast furnace slag), and concluded that SCC with 
50% replacement with Portland cement of FA and 
slag can improve the workability and durability [13]. 
With this respect, it should be mentioned that a 50% 
replacement of each ton of Portland cement would 
result in a reduction of approximately 500,000 t of 
CO2. Using GGBFS or FA as a partial replacement 
takes advantage of the energy saving in Portland 
cement which is governed by AASHTO M302 [14]. 

Kulakowski et al. [15] reviewed the silica fume 
influence on reinforcement corrosion in concrete and 
the effect of metakaolin on transport properties of 
concrete were also investigated by Shekarchi et al 
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[16]. There are also some works on incorporating 
nanoparticles into concrete specimens to achieve 
improved physical and mechanical properties which 
most of them have focused on using SiO2 
nanoparticles in normal concrete [17], generally 
cement mortars and cement-based materials [18–20], 
self compacting concrete (SCC) [21] and high 
performance self compacting concrete (HPSCC) [22]. 

Production and application of HPC containing 
nanomaterials and mineral admixtures seems to be a 
promising and energy saving step toward sustainable 
construction and building technology. However, this 
would not be achieved without studying its 
performance before being widely adopted in 
construction. Also, the behavior of structural 
elements made with HPC needs better understanding, 
together with design provisions. This paper 
investigates the effects of silica nanoparticles, silica 
fume and Class F fly ash on thermal properties of 
HPC with different binder contents.  
 
2. Materials 

An ASTM Type II Portland cement (PC) was 
used to produce the various HPSCC mixtures. In 
addition, silica nanoparticles, silica fume and class F 
fly ash were used as admixtures which are hereafter 
named as Nano Silica (NS), Silica Fume (SF) and Fly 
Ash (FA) respectively. Table 1 summarizes physical 
properties and chemical composition of the cement 
and Silica Fume. The nanoparticles' properties are 
presented in table 2.  
 
Table 1. Chemical composition and physical 
properties of cement and Silica Fume  

Chemical 
analysis (%) 

Cement Silica Fume  

Sio2 20< 93.6 
Al2O3 6< 1.3 
Fe2O3 6< 0.9 
CaO <50 0.5 
MgO <5 1 
SO3 <3 0.4 
K2O <1 1.52 
Na2O <1 0.45 

Loss of ignition  <3 3.1 
Specific gravity  3.15 2.2 
Blaine fineness 

(cm2/g) 
3260 21090 

 
Table 2. Properties of silica nanoparticles 

Diameter 
(nm)  

Surface 
volume 

ratio 
(m2/g) 

Density 
(g/cm3) 

Purity 
(%) 

15±3 165±17 <0.15 >99.9 
 

Table 3. Chemical and physical properties Fly Ash 
Constituent   Percent by weight  

Sio2 52 
Fe2O3 3.5 
Al2O3 30 
CaO 6.5 
MgO 5 
SO3 1.6 

Loss of ignition  3.7 
Na2O 0.58 
K2O 1.27 

Color  Gray  
Specific gravity 2.13 

Class F fly ash was used in this study which its 
physical and chemical properties are given in table 3. 
Scanning electron microscopy (SEM) of Class F fly 
ash is also shown in Fig 1.  
 

 
Fig. 1. SEM micrograph of Class F fly ash particles 

 

The coarse aggregate used was limestone gravel 
with a nominal maximum size of 12.5 mm. As fine 
aggregate, a mixture of silica aggregate sand and 
crushed limestone (as filler) was used with a 
maximum size of 4.75 mm. All aggregates in this 
research were used in dry form and the aggregates are 
a mixture of eight particle sizes of fine and coarse 
aggregates. A polycarboxylic-ether type 
superplasticizer (SP) with a specific gravity of 
between 1.06 and 1.08 was employed to achieve the 
desired workability in all concrete mixtures. 
Furthermore viscosity modifying agent (VMA) for 
better stability was used. 
 
3. Mix proportions  

A total number of 14 concrete mixtures were 
designed with a constant water/binder (w/b) ratio of 
0.38 and total binder content of 400 and 500 kg/m3. 
Concrete mixtures were prepared with 10%, 2% and 
10%+2% (by weight) replacement of Portland 
cement by SF, NS and blend of SF + NS respectively. 
Also some mixtures were designed with 5%, 10% 
and 15% replacement of Portland cement by FA. The 
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mixture proportions of concrete and binder paste are 
given in table 4.  

 

 
Table 4. Mix proportions of the concrete specimens 

No Concrete ID w/b Cement  Silica 
Fume  

Nano 
silica  

Fly 
Ash 

Filler  Fine 
aggregate  

Coarse 
aggregate  

Sp  VMA 

(kg/m3) 
1 HPC400 0.38 400 - - - 177 1003 578 2.5 2 
2 HPC500 0.38 500 - - - 177 1003 578 3.12 2.5 
3 HPC400FA5% 0.38 380 - - 20 177 1003 578 2.5 2 
4 HPC400FA10% 0.38 360 - - 40 177 1003 578 2.5 2 
5 HPC400F15% 0.38 340 - - 60 177 1003 578 2.5 2 
6 HPC500FA5% 0.38 475 - - 25 177 1003 578 3.12 2.5 
7 HPC500FA10% 0.38 450 - - 50 177 1003 578 3.12 2.5 
8 HPC500FA15% 0.38 425 - - 75 177 1003 578 3.12 2.5 
9 HPC400NS2% 0.38 392 - 8 - 177 1003 578 2.5 2 
10 HPC400SF10% 0.38 360 40 - - 177 1003 578 2.5 2 
11 HPC400SF10NS2% 0.38 352 40 8 - 177 1003 578 2.5 2 
12 HPC500NS2% 0.38 490 - 10 - 177 1003 578 3.12 2.5 
13 HPC500SF10% 0.38 450 50 - - 177 1003 578 3.12 2.5 
14 HPC500SF10NS2% 0.38 440 50 10 - 177 1003 578 3.12 2.5 
 
 

The abbreviations used in the study for labeling 
the mixtures were adopted in such a way that they 
clearly show the main parameters and their amount. 
HPSCC stands for high performance self compacting 
concrete which is followed by the binder content. NS, 
SF and FA denote Nano Silica Silica Fume and Fly 
Ash respectively which are followed by their 
percentages.  
 
5. Thermogravimetric analysis test 

Thermogravimetric analysis (TGA) test was 
conducted so that the weight loss of the concrete 
specimens due to heating can be determined. A 
simultaneous thermal analyzer equipped with a Data 
Acquisition System was used for the tests. Specimens 
which were cured for 28 days were heated from 110 
to 650 ◦C, at a heating rate of 4◦C/min and in an inert 
N2 atmosphere. 
 
4. Capillary test  

When a non-saturated concrete element is in 
contact with water at one side and absorbed water 
evaporation is possible from the other side, a 
permanent flowing regime through capillary 
absorption is established [37]. The test carried out in 
this study for determination of capillary water 
absorption is based on RILEM CPC 11.2, TC 14-
CPC for testing capillary absorption in hardened 
concrete. The 100×100×100 mm specimens were 
dried in the oven at 40±5ºC. They were put on rods in 

a water bath in such a way that they were immersed 
in water for no more than 5 mm. In this test, 
unidirectional flow depths of the specimens were 
measured and results of capillary depths were 
reported. 
 
6. Results and discussion  
6.1. TGA results 

Table 5 shows the thermogravimetric analysis 
results of different HPSCC specimens measured in 
the 110–650 ◦C range in which dehydration of the 
hydrated products occurred. The results show that 
after 28 days of curing, the loss in weight of the 
specimens is increased by decreasing the PC content 
in concretes.  

The results also showed that the loss in weight of 
the specimens is increased by increasing NS and SF 
in concrete mixtures. Increasing the FA percentage in 
the binder resulted in weight loss increase, however 
the weight losses were not as significant as those 
occurred in the specimens containing NS and SF. The 
most noticeable weight losses belonged to the 
mixtures containing 10%SF + 2%Ns with binder 
content of 500 kg/m3. the increase in weight loss 
could be due to more formation of CH and C3H 
compounds in the cement paste. Furthermore, more 
rapid formation of hydrated products in presence of 
silica nanoparticles and silica fume could be the 
reason of more weight loss. 
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Table 5. Thermogravimetric analysis results of HPC specimens 
No ID Weight loss in the range of 110–650 ◦C (%) 
1 HPC400 13.5 
2 HPC500 14.5 
3 HPC400FA5% 14.2 
4 HPC400FA10% 14.9 
5 HPC400F15% 15.6 
6 HPC500FA5% 14.8 
7 HPC500FA10% 15.9 
8 HPC500FA15% 16.3 
9 HPC400NS2% 17.8 
10 HPC400SF10% 18.1 
11 HPC400SF10NS2% 19.3 
12 HPC500NS2% 18.8 
13 HPC500SF10% 19.2 
14 HPC500SF10NS2% 19.9 

 
6.2. Capillary Water absorption  

The capillary water absorption results of the 
HPSCC samples at different time intervals are 
presented in table 6. The results show that the height 
of absorbed water in the concrete samples has 
decreased by increasing the binder content from 400 
to 500 and addition of NS, SF and FA admixtures. 
Increase in binder content from 400 to 500 lead to 
capillary water absorption from 2.8 to 2.5 mm during 
three hours and from 8.6 to 6.6 mm during 72 hours 
respectively, which the capillary water height 
decreases seem more significant at longer times. It 
may be due to the fact that the samples fully dried in 
the oven have more tendency to absorb water at 
earlier times, however at longer times the effect of 
binder content, NS, SF and especially FA admixtures 
comes to be revealed more and the results considered 
to be more realistic and reliable. Addition of 2% NS 
resulted in capillary water absorption of 3.6 and 3 

mm for binder content of 400 and 500 respectively 
during 72 hours for which the reductions of 58 and 
54% compared to the mixtures without any admixture 
can be considered. Addition of 10% SF with binder 
content of 400 and 500 resulted in capillary water 
absorption decrease by 60 and 53% respectively 
during 72 hours compared to the mixtures without 
any admixture. The same reductions observed for 
mixtures containing blend of 2% NS + 10% SF were 
66 and 66% respectively. As can be seen, the water 
proofing effects of SF and NS on HPSCC tend to 
appear more obviously in the mixtures containing 
both SF and NS with higher binder content. As can 
be inferred from the water absorption results, this 
performance may be attributed to the more packed 
and refined microstructure and pore structure of the 
concrete achieved by addition of SF + NS. 
 

 
Table 6. Results of capillary absorption by time 

No Concrete ID Capillary water absorption (mm) 
Time (hour) Time (hour) Time (hour) Time (hour) 

3 6 24 72 
1 HPC400 2.8 2.82 6.5 8.6 
2 HPC500 2.5 3.4 5.5 6.6 
3 HPC400FA5% 2.7 3.7 6.2 8.3 
4 HPC400FA10% 2.4 3.2 5 6.3 
5 HPC400F15% 2 2.9 4.3 5.8 
6 HPC500FA5% 2.4 3.2 5.3 6.3 
7 HPC500FA10% 2 2.9 4.3 5.8 
8 HPC500FA15% 1.9 2.4 3.3 3.8 
9 HPC400NS2% 2.2 2.7 3.4 3.6 
10 HPC400SF10% 2.1 2.5 3.3 3.4 
11 HPC400SF10NS2% 1.9 2 2.8 2.9 
12 HPC500NS2% 1.8 2.3 2.9 3 
13 HPC500SF10% 1.7 2.16 2.9 3.1 
14 HPC500SF10NS2% 1.5 1.7 2.1 2.2 
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Addition of 5% fly ash resulted in capillary water 
absorption of 8.3 and 6.3 mm for cement content of 
400, 450 and 500 respectively during 72 hours for 
which the reductions of 3.5 and 4.7% compared to 
the mixtures without any pozzolan can be considered. 
By increasing the fly ash percentage more significant 
results were recognized. Addition of 10 and 15% FA 
with binder content of 400 and 500 resulted in 
capillary water absorption decrease by 27 and 12% 
and 44 and 42.5% respectively during 72 hours 
compared to the mixtures without any FA. As can be 
seen, the water proofing effects of fly ash on high 
performance self compacting concrete tend to be 
revealed more obviously at higher percentages of FA 
addition. As observed in water absorption results, this 
performance may be attributed to the more packed 
microstructure and pore structure of the concrete by 
addition of fly ash. 
 
7. Conclusion 
Based on the results obtained in this experimental 
study, the following highlights can be concluded: 
- Addition of the admixtures generally reduced the 

capillary water absorption and increase in binder 
content led to reduced capillary absorption. 

- The mixtures containing pozzolanic admixtures 
showed more weight loss and it was particularly 
apparent for nanoparticles blended mixtures. 

- The results showed that the mixtures containing 
blend of silica fume and SiO2 nanoparticles have 
more packed microstructure, less capillary 
absorption and more thermal weight loss. 

 
References 
[1] ACI Committee 363 R. State-of-the-art report on high-

strength concrete. Farmington Hills, USA: American 
Concrete Institute; 1997. 

[2] L. Gustavsson, A. Joelsson, Life cycle primary energy 
analysis of residential buildings, Energy and Buildings 42 
(2010) 210–220.  

[3] G. A. Blengini, T. Di Carlo, The changing role of life cycle 
phases, subsystems and materials in the LCA of low 
energy buildings, Energy and Buildings 42 (2010) 869–
880.  

[4] C. Becchio, S. P. Corgnati, A. Kindinis, S. Pagliolico, 
Improving environmental sustainability of concrete 
products: investigation on MWC thermal and mechanical 
properties, Energy and Buildings 41 (2009) 1127–1134.  

[5] B. Rosselló-Batle, A. Moià, A. Cladera, V. Martínez, 
Energy use, CO2 emissions and waste throughout the life 
cycle of a sample of hotels in the Balearic Islands, Energy 
and Buildings 42 (2010) 547–558.  

[6] J. Goggins, T. Keane, A. Kelly, The assessment of 
embodied energy in typical reinforced concrete building 

structures in Ireland, Energy and Buildings 42 (2010) 
735–744. 

[7] Bilodeau A, Sivasundaram V, Painter KE, Malhotra VM. 
Durability of concrete incorporating high volumes of fly 
ash from sources in US. ACI Material Journal, 91(1994) 
3–12. 

[8] C. Shi, J. Qian, High performance cementing materials 
from industrial slags: a review, Resources, Conservation 
and Recycling 29 (2000) 195–207. 

[9] M. Tokyay, Characterization of Turkish fly ashes. Ankara: 
Turkish Cement Manufacturers Associations; 1998. 70 p. 

[10] A. Bilodeau, VM. Malhotra, High-volume fly ash system: 
concrete solution for sustainable development. ACI 
Material Journal, 97(2000) 41–8. 

[11] VM. Malhotra, Superplasticized fly ash concrete for 
structural applications. Concrete International, 8(1990) 
28–31. 

[12] N. Bouzoubaa, M. Laclemi, Self-compacting concrete 
incorporating high volumes of Class F fly ash: 
preliminary results, Cement and Concrete Research, 
31(2001) 413–20. 

[13] M. Nehdi, M. Pardhan, S. Koshowski, Durability of self-
consolidating concrete incorporating high-volume 
replacement composite cements, Cement and Concrete 
Research, 34(2004) 2103–12. 

[14] M.A. Smith, The economic and environmental benefits of 
increased use of pfa and granulated slag, Resources 
Policy 1 (3) (1975) 154–170. 

[15] C. Kulakowski et al., Carbonation induced reinforcement 
corrosion in silica fume concrete, Construction and 
Building Materials, 23 (2009) 11897–1195. 

[16] Shekarchi et al. M., Transport properties in metakaolin 
blended concrete, Construction and Building Materials, 
24 (2010) 2217–2223. 

[17] T. Ji Preliminary study on the water permeability and 
microstructure of concrete incorporating nano-SiO2. 
Cement and Concrete Research, 35 (2005) 1943–7. 

[18] BW. Jo, CH. Kim, GH. Tae, Characteristics of cement 
mortar with nano-SiO2 particles. Construction and 
Building Materials, 21(2007) 1351–5. 

[19] Y. Qing, Z. Zenan, K. Deyu, et al. Influence of nano-SiO2 
addition on properties of hardened cement paste as 
compared with silica fume. Construction and Building 
Materials, 21(2007) 539–45. 

[20] KL. Lin, WC. Chang, DF, Lin, Effects of nano-SiO2 and 
different ash particle sizes on sludge ash-cement mortar, 
Journal of Environmental Management, 88(2008) 708–
14. 

[21] A. Nazari, S. Riahi, Splitting tensile strength of concrete 
using ground granulated blast furnace slag and SiO2 
nanoparticles as binder, Energy and Buildings, 43(2011) 
864–72. 

[22] M. Jalal, E. Mansouri, M. Sharifipour, A.R. Pouladkhan, 
Mechanical, rheological, durability and microstructural 
properties of high performance self compacting concrete 
containing SiO2 micro and nanoparticles, doi: 10.1016/ j. 
matdes. 2011. 08.037. 

[23] K. Audenaert, Transport mechanismen in zelfverdichtend 
beton in relatie met carbonatatie en chloride penetratie. 
PhD thesis. Ghent, Ghent University; 2006. 

 
5/5/2012 


