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Abstract— Use of nano size ingredients like silica and alumina 

in Portland cement for manufacture of concrete has constantly 

been under investigation for quite some time. A thorough 

understanding and engineering of complex structure of cement 

based materials at nano level will definitely result in a new 

generation of concrete, which will be stronger and more 

durable with desired stress-strain behaviour. This will open up 

a large number of opportunities in the field of ceramics, high 

strength composites and electronic applications thereby 

elevating the status of Portland cement as a high tech material 

in addition to its current status of the most preferred 

construction material. 
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I. INTRODUCTION 

oncrete is a mixture of ordinary Portland cement (OPC), 

fillers such as sand, coarse aggregates, admixtures and 

water. Concrete durability becomes a very important factor 

especially when concrete is exposed to varying climatic 

conditions. Therefore, a number of ways to improve its 

longevity and service life are being worked out. 

One such way is the use of nano particles as 

supplementary cementitious material (SCM) in concrete, 

which has led to improved permeability and strength of 

concrete. 

The concrete thus formed is called nano concrete which is 

defined as a concrete with Portland cement particles that are 

less than 500 nano-meters as the cementing agent. As the 

material properties differ significantly at the nano scale than 

at the larger scale, the properties possessed by the concrete 

containing these particles also vary differently. Some of 

these properties are: 

 Well-dispersed nano-particles increase the viscosity 

of the liquid phase helping to suspend the cement 

grains and aggregates, improving the segregation 

resistance and workability of the system. 

 Nano-particles fill the voids between cement grains, 

resulting in the immobilization of free water. 

 Well-dispersed nano-particles act as centres of 

crystallization of cement hydrates, therefore 

accelerating the hydration. 

 Nano-particles favour the formation of small-sized 

crystals and small-sized uniform clusters of C-S-H. 

 Nano-particles improve the structure of the 

aggregates’ contact zone, resulting in a better bond 

between aggregates and cement paste. 

 Crack arrest and interlocking effects between the 

slip planes provided by nano particles improve the 

toughness, shear, tensile and flexural strength of 

cement based materials.  

    The materials yielding such cement particles for concrete 

manufacture are NS (nano-SiO2), NCs, nano tubes and nano 

titanium-dioxide (nano-TiO2). They are synthesized 

commonly in two ways: grafting in C-S-H composites and 

Sol gel process. 

  

II. METHODS OF SYNTHESIS 

A. Grafting in C-S-H composites 

Portland cement on hydration gives a nearly amorphous 

material – Calcium Silicate Hydrate (C-S-H) − that forms up 

to about 60% by volume of the paste. In cement chemistry C, 

S and H denote CaO, SiO2 and H2O respectively. The 

properties of the calcium silicate hydrate system are 

governed by the molar ratio of CaO to SiO2 (C/S ratio) which 

usually varies from 1.2 to 2.1 in hydrated silicate phases and 

has an average value of 1.75. 

The C/S ratio also governs the effectiveness of the 

grafting process, which is usually carried out at defect sites, 

i.e., sites of missing silicate tetrahedral on the silicate chains 

comprising C-S-H sheets. As the number of defective sites is 

more in C-S-H systems with C/S ratio>1.0, the grafting 

process is more effective in such systems.  

In the grafting process various polymer groups are grafted at 

T-silicon sites (defect sites) which get covalently bonded to 

the C-S-H present in the silicate sheets forming true hybrids 

consisting of alkyl chains. These alkyl chains form a bi-layer 

in the interlayer space between the silicate sheets containing 

C-S-H. Nano composites with polymer groups grafted at T 

silicon sites (i.e., defect locations) can be formed by reaction 

of silicate polymers with OPC pastes (e.g., co-polymers of 

poly (dimethylacrylamide) (PDMA) and poly (butadiene-g-

oxyethylene) (PBOE) silicates with Tsilanes). 

B. Sol Gel Process 

This process is adopted for synthesis of nano silica. It 

involves the following steps: 

 Hydrolysis of the precursor; 

 Condensation and polymerization of the monomers 

to form the particles; 

 Growth of particles; 

 Agglomeration of particles, followed by the 

formation of networks, and subsequently gel 

structure; 

C 
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 Drying for removal of solvents; 

 Thermal treatment to remove the surface functional 

groups and obtain the desired crystal structure. 

The entire process can be summarized by the following 

equation: 

 
The figure below shows the experimental set up used in 

this process. 

 
 

III. COMMONLY USED NANOMATERIALS: 

PROPERTIES AND APPLICATIONS 

The nanomaterials synthesized by the processes 

mentioned in the previous section have to undergo tests in 

order to affirm their use in cement and concrete manufacture.  

Various research studies conducted reveal that the following 

nanomaterials are deemed fit to be used in cement and 

concrete manufacture and applications: 

 nano silica 

 carbon nano tubes 

 nano TiO2 

 nano-Fe2O3 

 CaCO3 nano particles 

 

A. Nano Silica 

According to x-ray diffraction results, nano silica 

synthesized using sol gel process is highly amorphous in 

nature with a predominant crystalline size of 1.1-2.5 nm. The 

nano-SiO2 particles are represented by agglomerated clusters 

of size 0.5-10 μm. The size of particles within these clusters 

is usually 50-100 nm. The performance of nano-SiO2 

depends on the conditions of synthesis (i.e. molar ratios of 

the reagents, type of the reaction media and the parameters of 

thermal treatment). 

When nano silica is added at a dosage of 0.25% by weight 

of cementitious materials to Portland cement mortars,  it 

reduces the flow of mortars to some extent by decreasing the 

setting time of mortar and improving the cohesiveness 

thereby reducing bleeding water and segregation too. Studies 

have also shown that 1-day strength of mortars also 

improved on addition of these nano particles. Early strength 

of upto 3 days was also improved. It reached upto 6%.  

Nano silica can significantly improve the compressive 

strength of concretes containing large amount of fly ash by 

filling the pores between large fly ash and cement particles. 

The same is true in case of addition of nano silica to concrete 

mortars containing sludge ash.  

B.  Carbon Nano Tubes 

Carbon nano tubes synthesized predominantly by the 

grafting process have multilayered structures. They are 

uniform in nature and have a tendency to form aligned 

bundles which are referred to as nano ―ropes‖. Other forms 

of carbon nano tubes include nano horns, nano fibres and 

nano test tubes. Nano horns are single walled carbon cones 

with remarkable adsorptive and catalytic properties. Nano 

fibres have very high strength, stiffness, aspect ratio and 

purity, which can make them the ultimate carbon fibre in the 

years to come.  

    Carbon nano tubes have an equivalent diameter in the 

range of 10 to 50 nm and their length varies from 100 to1000 

nm. A single layered tube has a much smaller diameter 

ranging between 1nm to 3nm and a length of about 300 nm. 

The single layer tubes are often manufactured in ―rope‖ or 

―bundled‖ form, where many individual tubes are close 

packed in parallel. In tension mode, the reported strain in 

failure is as high as 12% according to studies and the 

strengths vary from 10 to 63 GPa. The strengths of very long 

ropes, about 2mm long, were found to be in the range of 1.72 

± 0.64 GPa indicating clearly the strength of the ropes 

decreases with increase in length. 

     The use of carbon nano tubes (CNT) as a reinforcing 

material is intended to move the reinforcing behaviour from 

the macroscopic to the nanoscopic level. In addition to the 

well known advantages of these materials as reinforcements, 

which include extremely high strengths and Young’s 

modulus, elastic behaviour and advantageous electronic and 

thermal properties, in the mesoporous environment of 

concrete, nano scale reinforcements hold the potential to act 

as fillers, producing denser materials; to inhibit crack growth 

at very early times, preventing propagation; and to enhance 

quality of the paste-aggregate interface. As a result, much 

stronger and tougher concretes may be possible when made 

as a CNT composite. 

C. Nano TiO2 

Nano titanium dioxide is another material which has 

gained popularity for its usage in concrete studies in recent 

times. These nano particles accelerate the rate of hydration 

and increase the degree of hydration. Its photo catalytic 

properties have been used to remove mainly organic 

pollutants from the surfaces directly exposed to ultraviolet 

radiations such as road pavements and cement based facade 

finishing products. 

D. Nano-Fe2O3 

 This nano particle acts in a similar manner to nano silica. 

When added to cement mortars containing high volume of 

fly ash or sludge ash, it increase the compressive strength 

significantly by filling the gap between high amount of fly 

ash or sludge ash and cement particles. These nano particles 

when used in combination with nano silica increase the 

resistance to abrasion of concrete pavement surfaces. 



International Conference on Multidisciplinary Research & Practice                           P a g e  | 474 

 

Volume I Issue VIII                                                                   IJRSI                                                                  ISSN 2321-2705 

 

E. CaCO3 nano particles 

 Calcium carbonate was earlier used as filler in cement to 

replace OPC. However, in recent years nano Calcium 

hydroxide cement particles have been prepared and their 

thermal properties have been characterized to study the 

anomalous behaviour of calcium hydroxide in cement paste. 

Various investigational studies conducted over due course of 

time have shown positive results in terms of increased 

strength and acceleration of hydration rate thereby favouring 

the addition of CaCO3 nano particles. However, further 

research is still going to validate the use of this material on a 

large scale. 

F. Other Materials      

Investigations are also being carried out on other nano to 

submicron materials like zeolite which have been added in 

order to improve the microstructure of concrete. 

 

IV. FUTURE DEVELOPMENTS 

Vast progress in concrete science due to adaptation of new 

knowledge generated by a quickly growing field of 

nanotechnology is to be expected in coming years. Mechano 

chemistry and nano-catalysts could change the face of 

modern cement industry by the great reduction of clinkering 

temperature and even realizing the possibility of cold 

sintering of clinker minerals in mechano-chemical reactors. 

The development of following concrete related nano 

products can be anticipated: 

A. Nanomaterial coatings on Concrete 

Coatings are routinely used as protective barriers against 

abrasion, chemical attack, hydro-thermal variations and to 

improve aesthetics. Currently, most of these coatings are in 

the micrometer range. New materials and techniques are 

being developed to develop nano-meter thick coatings that 

are durable and generate less heat due to reduced friction. 

Coatings could be self-cleaning and self-healing. 

 

Coatings with a nano-scale of roughness that will repel water 

and dirt, modelled after the coating of the lotus leaf are being 

created. The lotus leaf has extraordinary ability to keep itself 

clean and dry. Now nanotechnology is being used to mimic 

the lotus leaf surface and create new products that 

outperform existing no-stick products. Typically, on a 

hydrophobic or water-repellent surface, particles of dirt are 

removed by moving water. But on a Lotus simulated surface, 

dirt particles are collected by water drops and rinsed off. For 

the nano coatings, the properties of the coatings themselves 

need investigation. 

 

B. Other Products 

 The other concrete related nano products could be: 

 Catalysts for the low-temperature synthesis of 

clinker and accelerated hydration of conventional 

cements. 

 Grinding aids for superfine grinding and mechano-

chemical activation of cements. 

 Binders reinforced with nano-particles, nano-rods, 

nano-tubes (including SWNTs), nano-dampers, 

nano-nets, or nano-springs. 

 Binders with enhanced/nano engineered internal 

bond between the hydration products. 

 Binders modified by nano-sized polymer particles, 

their emulsions or polymeric nano-films. 

 Cement based composites reinforced with new 

fibres containing nano tubes, as well as with fibres 

covered by nano-layers (to enhance the bond, 

corrosion resistance, or introducing the new 

properties, like electrical conductivity etc.). 

 Cement based materials with supreme strength, 

ductility and toughness. 

 Binders with controlled internal moisture supply to 

avoid/reduce micro-cracking. 

 Cement based materials with engineered nano- and 

micro- structures exhibiting supreme durability. 

 Self-healing materials and repair technologies 

utilizing fullerenes, nano particles, nano tubes and 

chemical admixtures. 

 Materials with self-cleaning/air-purifying features 

based on photo catalyst technology. 

 Materials with controlled electrical conductivity, 

deformative properties, non-shrinking and low 

thermal expansion. 

 

V. CONCLUSIONS 

Portland cement, one of the largest commodities 

consumed by mankind, is obviously the product with great - 

but at the same time - not completely explored potential. 

Better understanding and precise engineering of an extremely 

complex structure of cement based materials at the nano 

level will apparently result in a new generation of concrete, 

stronger and more durable, with desired stress-strain 

behaviour and, possibly, with the range of newly introduced 

properties, such as electrical conductivity, temperature, 

moisture, stress- sensing abilities. Nano-binders or nano-

engineered cement based materials with nano-sized 

cementitious component or other nano-sized particles may be 

the next ground-breaking development.  
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