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Abstract 
The proposed nanocomposites Universal Hydraulic Cement (UHC) binder replacing OPC, follow the two 
basic concepts of densified system with ultrafine particles and modified multi-component binders. The first 
part in the system is achieved with ultrafine nano-SiO2, Carbon black pigment, dispersed with 
Superplasticizer PAE/SP, 31% concentration and finely ground mineral additives such as flyash in high  
C2S UHC and nano-SiO2 modified by superplasticizer forming second part. Both types of these particles fill 
the gap between cement grains. In developed nanocomposite UHC binder, the finely grounded mineral 
additives such as flyash, acts as the main component and provides the structural stability of the system, 
while the micro or nanosized cementitious component (UHC and other nanosized particles) act as a glue to 
bind less reactive particles of mineral additives. The UHC composites system used for studies is a product 
containing UHC grounded with 0.1% of commercially available polyacrilate/polycarboxylate superplasticizer 
(PAE/SP, 31%) and mortar prepared with equal ratio of standard fine sand (S/C=1) with additives of  
nano-SiO2 dosage of 0.20-0.25%, Carbon black pigment  0.05-0.10% by weight of binder UHC and moulded 
using distilled water in water to binder ratio as W/C=0.3, maintaining a reference flow of mortar  
approx. 210+ mm, slightly optimizing this  by additional dosage of  superplasticizer (SP). The important 
precaution is being taken to assure the particles of nano-SiO2 being of about 5 nm, using ultrasonification to 
restore the activity. ASTM C-109 procedure for moulding and testing of cubes of mortars have given the 
compressive strengths achieved for these composite binders of UHC much higher than the normal OPC, 
averaging about 17-20% higher for early 7 d and achieving similar levels after 28 d. The utilization of waste 
materials like flyashes through eco-friendly processes is the need of time. 

Keywords: Universal hydraulic cement, nano-SiO2, superplasticizer, flyash, ultrasonification, eco-friendly.   

Introduction 
Nanosized devices and objects did exist on earth as long 
before as life. The abalone shell consists of  
nanocomposite material of nanosized particles of calcium 
carbonate (aragonite) bound together by the glue made 
of a carbohydrate protein mix (Poole and Owens, 2003). 
This type of composite nanostructure leads to very high 
strength and toughness of the shell due to interlocking of 
nanoblocks of calcium carbonate responsible for the 
crack arrest and dissipation of energy. Nobel laureate 
Richard P. Feyman in 1959 had predicted in his lecture 
at the California Institute of Technology “There is Plenty 
of Room at the Bottom”, that Nanotechnology will lead 
the next industrial revolution. This involves the 
application of the ‘bottom up’ approach or molecular 
nanotechnology, where organic and inorganic structures 
are constructed atom-by-atom or molecule-by-molecule. 
Mimicking the processes of such ‘bottom up’ construction 
successfully employed in nature is one of the most 
promising fields in Nanotechnology (Bhushan, 2004) and 
forms the theme of our research for High performance 
Universal Hydraulic cement Composites. The aim is to 
develop self-cleaning, needing nominal maintenance 
cementing building materials for fort-like structures and 

eliminating the use of all polluting enamels and paints 
used for coatings and up-keep. The construction field 
has substantially progressed utilizing the developments 
in nanotechnology in this direction (Trtik and Bartos, 
2001). The commercial success of nanomaterials 
depends on the ability to manufacture these materials in 
large quantities and at a reasonable cost relative to the 
overall effect of the nanoproduct. Nanomaterials, in 
general, are grouped in three types, based on their 
geometry or shape: One-nanosized dimension (quantum 
well; Two-nanosized dimensions (quantum wire); and  
Three-nanosized dimensions (quantum dot).  
The principal structural unit in nanotechnology 
applications in construction is quantum dot, called  
nanoparticle; which is a cluster of 10 to 1000 atoms of  
1-100 nm in diameter. These particles are considered as 
nanocrystals because the atoms within the particle are 
perfectly ordered or crystallined. Nanoresearch in 
construction has to focus mainly on the investigation of 
structure of cement based materials and their fracture 
mechanism (Beaudoin, 1999). The application of AFM for 
the investigation of the amorphous C-S-H gel has 
revealed that at nanoscale C-S-H has highly ordered 
structure (Plassard et al., 2004).  
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Such understanding of nano-level structure reveals the 
influence of the important processes related to 
production and its properties for use in field, such as 
strength, fracture, corrosion and can help to tailor the 
desired properties. The development of construction 
materials with properties of self-cleaning, discoloration 
resistance, anti-graffiti protection, high scratch and wear 
resistance etc. is extremely important. Nanochemistry 
with its ‘bottom up’ possibilities offers new products that 
can be effectively applied in cement and concrete 
technology. Major developments in concrete 
performance have been achieved by means of 
application of superfine particles of flyash, silicafumes, 
metakaolin clay and most important nanosilica (Sobolev 
et al., 2006). Against these backdrops, the main 
objective of the study is to use nanosilica as a composite 
material. 
 
Materials and methods 
Experimental setup: Among various chemical 
technologies for nanosized materials, sol-gel synthesis is 
the widely used ‘bottom up’ production method for  
nano-silica. The process involves the formation of a 
colloidal suspension (sol) and gelation of the sol to form 
a network in a continuous liquid phase (gel). Usually, 
trimethylethoxy silane or tetraethoxysilane(TMOS/TEOS) 
are applied as precursors for synthesis of nanosilica 
(Wilson et al., 2000). The chemical reactions for 
synthesis of nanosilica can be summarized as: 
 
nSi(OC2H5)  +   2n H2O……C2H5OH +NH3 ..Medium……… nSiO2  +  4n C2H5OH 
 
This sol-gel formation process takes place in a few 
stages on commercial scale. 
                       

Hydrolysis of the precursor 
 

Condensation and polymerization of monomers  
to form the particle 

 
Growth of particles 

 
Agglomeration of particles, followed by the formation of 

network and subsequently, gel structure 
 
This is followed by drying to remove the solvents; and 
thermal treatment is given to remove the surface 
functional groups and to obtain the desired crystal 
structure. There are a number of parameters that affect 
the process, including pH, temperature, concentration of 
reagents, H2O/Si molar ratio (between 7 and 25), type of 
catalyst etc. After a precisely executed process, perfect 
spherical nanoparticles of SiO2 within the size range of  
1-100 nm are obtained. In general, inter-grinding cement 
and dry modifiers in a high energy mill results in binding 
materials with improved performance, in respect of both 
reduced water demand and high strength (Sobolev, 
2003).  
 

 
A complex admixture modifier composed of reactive 
silica based sorbent and an effective surfactant improved 
the cement strength (Sobolev et al., 2006). It is proposed 
that such modifiers when added during the cement 
grinding process form the nano-thick organo-mineral 
layers on the surface of cement particles and also 
promote the development and stabilization of highly 
reactive dislocation centres and defective sites.  
The optimal performance of such systems is attributed to 
the high density continuous packings of the binder 
constituents that are realized at the high fluidity levels 
with the help of the effective superplasticizers (Syal and 
Kataria, 1981). So, these methods are equally important 
with UHC systems to replace OPC. 
 
UHC developed by the process (Syal, 2013) has been 
used for our studies, with commercially available  
nano-SiO2, Cembinder-8, available in a form of  
50% suspension in water, supplied by Eka chemicals as 
sample and commercially available PAE/SP (31% conc.) 
supplied by Handu chemicals as sample, as modifying 
admixture. Graded standard sand was used as fine 
aggregate in all tested mortars. Distilled water was used 
for the preparation of mortars. The mortars were 
prepared by using nano-SiO2 dosage of 0.20-0.25% and 
carbon black pigment of 0.05-0.10% by the weight of the 
binder; water to cement ratio(W/C=0.3) and sand to 
cement ratio(S/C=1) and superplasticized at SP dosage 
of 0.1%, slightly optimizing this ratio to achieve 
routine/reference flow of mortar. All mortar samples with 
sand to cement ratio (S/C) of 1 and water to cement ratio 
(W/C) of 0.3 were moulded in cubes of size  
51x51x51 mm following the ASTM C-109 procedure. 
 
Results and discussion 
According to the claimed results of X-ray diffraction of the 
supplier, nano-SiO2 is a highly amorphous material with 
predominant crystallite size of 1.1-2.5 nm. On drying, it is 
observed that nano-SiO2 particles are highly 
agglomerated clusters with the size of 0.5-10 µm, while 
particles within the clusters are of the size 50-100 nm. 
The thermal treatment at 400C was applied as 
suggested by the supplier and it is claimed that after this 
treatment the surface area of particles increases from 
27,000 m2/kg to about 510,000 m2/kg and does not 
trigger the formation of crystalline structure, is taken as 
confirmed, with rough average, 5 nm being taken as 
particle size of SiO2. The application of ultrasonification 
seemed to be effective to restore the activity of  
nano-SiO2 for the original crystallite size 1.1-2.5 nm as 
noted by supplier is regarded as confirmed (Sobolev  
et al., 2006). The compressive strengths have been 
reported and more studies are in progress. In the 
majority of the cases using nano-SiO2 dosage of 0.25% 
and carbon black pigment of 0.05%, a reduction in flow 
of mortars was observed, which was compensated by 
additional dosage of SP. Averaged results are being 
mentioned just for reference (Table 1). 
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The beneficial action of the nanoparticles on the 
microstructure and performance of the cement based 
materials has been confirmed in many aspects 
(Collepardi et al., 2004) and the same is found to be valid 
in case of UHC. A few of them to be mentioned are: 
i. Nano-SiO2 composites, well-dispersed, increase the 

viscosity of the liquid phase helping to suspend the 
cement grains and sand, improving the segregation 
resistance and workability of the mix-system; 

ii. Nanocomposites result in immobilization of free-water 
by filling the voids between cement grains  
(filler effect); 

iii. Nanocomposites, well dispersed, act as centres of 
crystallization of cement hydrates, accelerating the 
hydration; 

iv. Nanocomposites being closer in system, favor the 
formation of smaller sized crystals of Ca(OH)2, AFm 
and uniform small sized clusters of C-S-H; 

v. Nano-SiO2 participates in pozzolanic reactions, thus 
consuming Ca(OH)2  and forming additional C-S-H in 
mix-system; 

vi. Nanocomposites give a regular structure to 
aggregate’s contact zone, resulting in better bonding 
between them and cement paste; 

vii. Nanocomposites improve the toughness, shear, 
tensile and flexural strength of cement based 
materials by providing crack arrest and interlocking 
effects between slip planes. 

 
The improved performance of nanocomposites cement 
systems is attributed to the High-density-continuous 
packings of the binder constituents, realized by high 
fluidity levels with the effective superplasticizer.  
Thus, nanocomposites UHC binder has two basic 
concepts: 
a) Densified mix-system with  ultrafine particles  
b) Modified multi-component binder-system. 
 
In this system, the densification is achieved with the help 
of ultrafine particles (nano-SiO2, Carbon black pigment) 
dispersed with superplasticizer and finely ground mineral 
additives (flyash, clay, slag etc. and nano-SiO2) modified 
by superplasticizer form the ‘b’ part of the system. 
Both types of these particles fill the gap between the 
hydrated cement grains (Sobolev et al., 2006). Also, the 
finely grounded mineral additives such as flyash, acting 
as the main component, provides the structural stability 
of the system and the micro or nanosized cementitious 
component (hydrated UHC and all nanoparticles) act as 
a glue to bind less reactive particles of mineral additives 
together.  
 

 

 
As per Lee and Kristein (2005), when nano-SiO2  is 
added as additive to polymers, used as SP, the system 
results in  mechano-chemical activation of cement 
because complex admixtures composites bring about the 
formation of nanolayers on the surface of cement 
particles. The important precaution is being taken to 
assure the particles of nano-SiO2 being of about 5 nm, 
using ultrasonification to restore the activity.  
ASTM C-109 procedure for moulding and testing of 
cubes of mortars have given the compressive strengths 
achieved for these composite binders of UHC much 
higher than the normal OPC, averaging about 17-20% 
higher for early 7 d and achieving similar levels after  
28 d. The utilization of waste materials like flyashes, 
even up to 70%, is a possibility through eco-friendly 
processes used in this High performance UHC 
Composites binder system and same is the need of time. 
 
Conclusion 
The ability to observe the structure at its atomic level and 
measure the strength and hardness of nanoscopic 
phases of composites has led to discovery of a highly 
ordered, crystal structure of amorphous  
C-S-H gel. New nanoengineered polymers like 
polyacrilate/polycarboxylate (PAE) have been found to 
be highly efficient superplasticizers for mortars as 
composites with nanoparticles of nano-SiO2 to act not 
only as highly effective additives rather lead to form an 
essential composite with UHC for a development realized 
in high performance and self-compacting mortar/concrete 
with improved workability and strength. The improved 
performance is achieved due to the formation of the 
organo-mineral inter nanolayers or nanogrids on the 
surface of hydrated C-S-H and all composite fines and 
nanoparticles. In the developed nanobinder, the finely 
grounded mineral additives such as flyash, provides the 
structural stability of the system and the cement and 
other nanosized particles act as glue to bind less reactive 
sand particles of mineral additives together. These 
composites provide the improvement of compressive 
strength of developed UHC cements at all stages of 
hardening. ASTM C-109 procedure for moulding and 
testing of cubes of mortars have given the compressive 
strengths achieved for these composite binders of UHC 
much higher than the normal OPC, averaging about  
17-20% higher for early 7 d and achieving similar levels 
after 28 d. The utilization of waste materials like flyashes, 
even up to 70%, is a possibility through eco-friendly 
processes used in this high performance UHC 
composites binder system and same is the need of time. 
 

Table 1.Average composition and compressive strength of UHC with nano-SiO2 composites. 
Cement type Nano-SiO2 SP W/C S/C Flow (mm) Compressive strength (Kg/cm²) 

UHC 0.25% 0.1% 0.3 1 220 
1d: 39MPa (403 Kg/cm²) 

7 d (915 Kg/cm²) 
28 d (1154 Kg/cm²) 
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