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The effects of rod SiO2 nanoparticles on flexural strength of binary blended concrete
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Abstract: Flexural strength of rod SiO2 nanoparticles binary blended concrete have been studied. Rod SiO2 nanoparticles with the diameter of 15 nm and the height of 40 nm were partially replaced by Portland cement with 0.5, 1.0, 1.5 nd 2.0 weight percent. Although the flexural strength of the specimens was improved by adding 2.0 weight percent of nanoparticles with respect to the un-reinforced concrete, but the optimum level of replacement was achieved in 1.5 weight percent. It has been concluded that the strengthening gel do not form for more than 1.5 weight percent of rod SiO2 nanoparticles hence the remained nanoparticles act as weak zones. [Journal of American Science 2009;5(7):xx-xx]. (ISSN: 1545-1003).
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1. Introduction
Since concrete is the world's most widely used material, and  the primary component of concrete is cement,  then several groups of engineers are focusing their work on the micro and nano-structure of cement. While the production of cement, leads to more than 5 to 10 percent of the world's overall carbon dioxide emissions; the process is an essential contributor to worldwide warming. It was reported in the Journal of the Mechanics and Physics of Solids that the source of concrete's strength and durability lies in the coordination of its nanoparticles. This finding may lead to a major reduction in emissions of carbon dioxide during the cement development. 

Professor Franz-Josef Ulm of civil and environmental engineering said "If everything depends on the organizational structure of the nanoparticles that make up concrete, rather than on the material itself, we can conceivably replace it with a material that has concrete's other characteristics (strength, durability, mass availability and low cost) but does not release so much CO2 into the atmosphere during manufacture". 

The efforts also show that the study of very widespread materials at the nano-scale has great potential for improving materials in ways we might not have imagined. These findings can refer as the identification of the atomic code of materials and material's nano-mechanical behavior. 

The definition of high performance concrete (HPC) and high strength concrete (HSC) have been changing from time to time. Until the late 1960s 35 MPa and 42 MPa were considered as HSC while in the mid 1980s 55 MPa concrete was considered as HSC. Perhaps by the end of this century, 150 MPa will be branded as HSC [6]. Production of HPC and HSC are a challenge and depends upon so many factors. Also In the last 15 years Ultra High Performance Concrete (UHPC) has become a vanguard  product in industrial and structural applications gratitude to outstanding properties, such as tensile strength of 150–200 MPa, tensile strength of 8–15 MPa with significant remaining post-cracking bearing capacity, and remarkable fracture energy of 20–30 kJ/m2 [1,2].
In this work, the influences of rod nano-SiO2 on flexural strength of blended concrete have been investigated. The major constituent of a pozzolan is the silica that can be amorphous or glassy. This component reacts with calcium hydroxide produced from the hydration of calcium silicates. The rate of the pozzolanic reaction is proportional to the amount of surface area available for reaction. Therefore, it is possible to add rod nano-SiO2 of a high purity (99.9%) and a high Blaine fineness value (60 m2/g) in order to improve the characteristics of cement mortars [3]. In this study an attempt has been made to prove that using new materials, it is possible to obtain HPC or HSC with slight increase in cost.

2. Materials and Methods 

Ordinary Portland Cement (OPC) obtained from Holcim Cement Manufacturing Company of Malaysia conforming to ASTM C150 standard was used as received. The chemical and physical properties of the cement are shown in Table 1. 
Rod nano–SiO2 with average diameter of 15 nm and the height of 40 nm was used as received. The properties of rod nano-SiO2 particles are shown in Table 2. 
Locally available natural sand with particles smaller than 0.5mm and fineness modulus of 2.25 and specific gravity of 2.58 g/cm3 was used as fine aggregate. Crushed basalt stored in the laboratory with maximum size of 15mm and specific gravity of 2.96g/cm³ was used as coarse aggregate.
A total of two series of mixtures were prepared in the laboratory trials. Series C0 mixtures were prepared as control specimens. The control mixtures were made of natural aggregates, cement and water. Series N were prepared with different contents of rod nano-SiO2 particles with average particle size of 15 nm. The mixtures were prepared with the cement replacement of 0.5%, 1.0%, 1.5% and 2.0% by weight. The water to binder ratio for all mixtures was set at 0.40 [4]. The aggregates for the mixtures consisted of a combination of crushed basalt and of fine sand, with the sand percentage of 30% by weight. The binder content of all mixtures was 550kg/m3. The proportions of the mixtures are presented in Table 3.
Table 1. Chemical and physical properties of Portland cement (Wt. %)
Chemical properties

	Material
	SiO2 
	Al2O3 
	Fe2O3 
	CaO 
	MgO 

	Cement             
	21.89
	5.3
	3.34
	53.27
	6.45

	Material
	SO3
	Na2O
	K2O
	Loss on ignition

	Cement             
	3.67
	0.18
	0.98
	3.21


Specific gravity: 1.7 g/cm3
Table 2. The properties of rod nano-SiO2
	Diameter (nm)        
	Height

(nm)
	Surface Volume ratio (m2/g)        
	Density (g/cm3)             
	Purity (%)

	15 ± 3                                        
	40 ± 8
	160 ± 12                           
	< 0.14                          
	>99.9        


Table 3. Mixture proportion of rod nano-SiO2 particles blended concretes
	Sample designation          
	Rod nano-SiO2 particles              
	Quantities (kg/m3)

	
	
	Cement
	Rod nano-SiO2 particles

	C0 (control)
	0
	550
	0

	N1
	0.5
	547.25
	2.75

	N2
	1.0
	544.50
	5.50

	N3
	1.5
	541.75
	8.25

	N4
	2.0
	539.00
	11.00


Water to binder [cement + rod nano-SiO2] ratio of 0.40, sand 492 kg/m3, and aggregate 1148 kg/m3
Series N mixtures were prepared by mixing the course aggregates, fine aggregates and powder materials (cement and rod nano-SiO2 particles) in a laboratory concrete drum mixer. The powder material in the series C0 mixtures was only cement. They were mixed in dry condition for two minutes, and for another three minutes after adding the water. Slumps of the fresh concrete were determined immediately to evaluate the flexural strength following the mixing procedure. Cylinders with the diameter of 150 mm and the height of 300 mm for flexural strength tests were cast and compacted in two layers on a vibrating table, where each layer was vibrated for 10 s [5]. The moulds were covered with polyethylene sheets and moistened for 24 h. Then the specimens were demoulded and cured in water at a temperature of 20o C prior to test days. The tensile strengths tests of the concrete samples were determined at 7, 28 and 90 days. The reported results are the average of three trials.
Flexural test was carried out in accordance to the ASTM C 496-90 standard. After the specified curing period was over, the concrete cylinders were subjected to flexural test by using universal testing machine. Tests were carried out on triplicate specimens and average flexural strength values were obtained.
3. Experimental results and discussion
The flexural strength results of series C0 and N mixtures are shown in Figure 1. Comparison of the results from the 7, 28 and 90 days samples shows that the flexural strength increases with rod nano-SiO2 particles up to 1.0% replacement (N2) and then it decreases, although the results of 2.0% replacement (N4) is still higher than those of the plain cement concrete (C0). It was shown that the use of 2.0% rod nano-SiO2 particles decreases the flexural strength to a value which is near to the control concrete. This may be due to the fact that the quantity of rod nano-SiO2 particles (pozzolan) present in the mix is higher than the amount required to combine with the liberated lime during the process of hydration thus leading to excess silica leaching out and causing a deficiency in strength as it replaces part of the cementitious material but does not contribute to strength [6]. Also, it may be due to the defects generated in dispersion of nanoparticles that causes weak zones. 
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Figure 1. Flexural strength of rod nano-SiO2 particle blended cement mortars. Water to binder [cement + rod nano-SiO2] ratio of 0.40

The higher the flexural strength in the N series blended concrete are due to the rapid consuming of Ca(OH)2 which was formed during hydration of Portland cement specially at early ages related to the high reactivity of rod nano-SiO2 particles. As a consequence, the hydration of cement is accelerated and larger volumes of reaction products are formed. Also rod nano-SiO2 particles recover the particle packing density of the blended cement, directing to a reduced volume of larger pores in the cement paste. However, the value of flexural strength in the specimens is not high and better reinforcements such as needle-type nanoparticles are requested. 

Conclusions


The results show that the rod nano-SiO2 particles blended concrete had higher flexural strength compare to that of the concrete without rod nano-SiO2 particles. It is found that the cement could be advantageously replaced with rod nano-SiO2 particles up to maximum limit of 2.0% with average particle sizes of 15 nm. Although, the optimal level of rod nano-SiO2 particles content was achieved with 1.0% replacement. However, the flexural strength of the concrete could be improved by using more suitable reinforcements such as needle type nanoparticles.
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