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Abstract: The purpose of this study is to investigate the m@®sive strength and workability of concrete bytiph
replacement of cement with nano-phase Zp@rticles. Zr@ nanoparticlesvith the average diameter of 15 nm were used
with four different contents of 0.5%, 0.1%, 1.5%&h0% by weight. The results showed that the fis@wo-ZrQ particles

up to maximum replacement level of 2.0% producexiie with improved strength. However, the ultienatrength of
concrete was gained at 1.0% of cement replacenidwet.workability of fresh concrete was decreasednigyeasing the
content of ZrQ nanoparticles. It is concluded that partial reptaent of cement with nanophase Zgarticles improves the
compressive strength of concrete but decreasesitaability. [Journal of American Science 2010;628)-33]. (ISSN: 1545-

1003).
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1. Introduction

Concrete is a newer construction material compaced
steel and stone. Use of concrete in constructiom$ a
buildings may have begun less than a century agbirB
recent century, very wide and effective research $een
on improving the properties of concrete with inagiing
wide range of supplementary cementing materialé s1sc
pozzolans and nanoparticles due to increasing sieeof
concrete from decade to decade. Recently, nanatbagipn
has attracted great scientific attention becausthefnew
potential uses of particles in nanometer{ht) scale. This
may be due to the nanoscale size of particles tedteyto
result in significantly improved properties fromegictable
grain-size materials of the same chemical compmusiths

a consequence, industries can be able to designandw
novel products and to re-engineer many existinglycts
that function at unprecedented levels.

There are few reports on incorporation of hanoplagiin
cement-based concrete. Hui Li et al. (2008)]
investigated the properties of cement mortars tddnalith
nanoparticles to explore their super mechanical amdrt
(temperature and strain sensing) potentials. Alseful
applications of nano-SiQare addressed by the Fuji
Chimera Research Institute (2002). However, urnivn
research performed over the years has been mambda
at achieving high mechanical performance with cemen
replacement materials in micro level. Recently, ¢ffect
of micro-SiQ particles by adding rice husk ash to blended
concrete has been reviewed by Naji Givi et al. (3(2].
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Several researchers have demonstrated that the tfire
SiO, particle sizes in micron level, the higher the
compressive strength. But there is a lack of kndgéeon
effects of ultra fine and nano-size particles onarete’s
properties. Lu and Younfg] achieved 800 MPa strengths
on compressed samples, and Richard and Cheyrdzy
developed Reactive Power Concretes (RPCs) rangimg f
200 to 800 MPa and fracture energies up to 40 kJThe
development of an ultrahigh strength concrete waslan
possible by the application of DSP (Densified Syste
containing homogeneously arranged ultra-fine Hag)c
with super plasticizer and silica fume content [5].

The definition of high performance concrete (HP@H a
high strength concrete (HSC) have been changing fro
time to time. Until the late 1960s 35 MPa and 42aviP
were considered as HS@hile in the mid 1980s 55 MPa
concrete was considered as H3®rhaps by the end of
this century, 150 MPa will be branded as HSC. [6]
Production of HPC and HS@re a challenge and depends
upon so many factors. Alda the last 15 years Ultra High
Performance Concrete (UHPC) has become a vanguard
product in industrial and structural applicatiomatgude to
outstanding properties, such as compressive streofjt
150-200 MPa, tensile strength of 8-15 MPa with
significant remaining post-cracking bearing capacind
remarkable fracture energy of 20-30 I3[ 8].

In view of these advances, the aim of this studyois
investigate the influences of nano-Zrén workability and
compressive strength of binary blended concret®, Zr
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reacts with calcium hydroxide produced from the
hydration of calcium zirconias. The rate of the zmanic
reaction is proportional to the amount of surfaceaa
available for reaction. Therefore, it is possildeatld nano-
ZrO, of a high purity (99.9%) and a high Blaine finesies
value (60 MVg) in order to improve the characteristics of
cement mortars [5]. In this study an attempt hanbwaade

to prove that using new materials, it is possilolebtain
HPC or HSQwith slight increase in cost.

HPC and HSC are very useful in constructions and
multistory buildings because they can decreasecitbss-
sectional area of the structural fundamentals.

2. Materialsand M ethods

2.1. Materials and mixtures

2.1.1. Cement

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 cementshomvn

in Table 1.

Table 1. Chemical and physical properties of Podla
cement \\\t. %)
Chemical properties

Material SiQ Al,Oq FeO; CaO MgO
Cement 21.89 5.3 3.34 53.27 6.45
Material SQ Na,O K,O Loss on ignition
Cement  3.67 0.18 0.98 3.21

Specific gravity: 1.7 g/cth

2.1.2. Nano-ZrO, particles

Nano—-ZrQ with average particle size of 15 nm was used
as received. The properties of nano-Zr@articles are
shown in Table 2.

Table 2. The properties of nano-zZrO

Diameter Surface Density Purity (%)
(nm) Volume (g/cnt)

ratio (nf/g)
15+3 160+12 <0.14 >99.9

2.1.3. Aggregates
Locally available natural sand with particles smalhan
0.5mm and fineness modulus of 2.25 and specifigigra

of 2.58g/cni was used as fine aggregate. Crushed basalt

stored in the laboratory with maximum size of 15mand
specific gravity of 2.96g/cm3 was used as coargeeggte.

2.1.4. Mixture proportioning

A total of two series of mixtures were preparedtlie
laboratory trials. Series CO mixtures were prepaasd
control specimens. The control mixtures were matle o

natural aggregates, cement and water. Series N were

prepared with different contents of nano-Zr@articles

with average particle size of 15 nm. The mixturesrev

prepared with the cement replacement of 0.5%, 1.0%,
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1.5% and 2.0% by weight. The water to binder rédioall
mixtures was set at 0.40 [9]. The aggregates far th
mixtures consisted of a combination of crushed lbasel

of fine sand, with the sand percentage of 30% bighte
The binder content of all mixtures was 550k{/rithe
proportions of the mixtures are presented in T8ble

Table 3. Mixture proportion of nano-ZgOparticles
blended concretes

Sample nano-ZrQ Quantities (kg/m)
designation  particles
Cement nano-Zro

particles
CO (control) 0 550 0
N1 0.5 547.25 2.75
N2 1.0 544.50 5.50
N3 15 541.75 8.25
N4 2.0 539.00 11.00

Water to binder [cement + nano-ZjQatio of 0.40, sand
492 kg/ni, and aggregate 1148 kg/m

2.2. Preparation of test specimens

Series N mixtures were prepared by mixing the @urs
aggregates, fine aggregates and powder materiatseftt
and nano-Zr@ particles) in a laboratory concrete drum
mixer. The powder material in the series CO mixdunas
only cement. They were mixed in dry condition farot
minutes, and for another three minutes after addieg
water. Slumps of the fresh concrete were determined
immediately to evaluate the workability followindhet
mixing procedure. Cubes of 100 mm edge were cadt an
compacted in two layers on a vibrating table, whesmeh
layer was vibrated for 10 s [10]. The moulds wereered
with polyethylene sheets and moistened for 24 kenTtihe
specimens were demoulded and cured in water at a
temperature of 20C prior to test days. The compressive
strengths tests of the concrete samples were detsnat

7, 28 and 90 days. The reported results are theageef
three trials.

2.3. Compressive strength of nano-ZrO, particles blended
concrete

Compressive strength of nano-zZr(particles blended
cement concrete cubes was determined as per ASBM C
after 7, 28 and 90 days of moisture curing.

2.4. Workability
Standard slump tests conforming to ASTM C143 were
used to determine the workability of the concrete.

3. Experimental results and discussion

The compressive strength results obtained from the
experimental investigations are showed in tables the
comparison between the results of workability test
presented in form of bar chart. All the values #re
average of the three trails in each case in théntes
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program of this study. The results are discussddllasvs.

3.1. Compressive strength

The compressive strength results of series CO and N
mixtures are shown in Table 4. Comparison of tiselte
from the 7, 28 and 90 days samples shows that the
compressive strength increases with nano,Zp@rticles

up to 1.0% replacement (N2) and then it decreases,
although the results of 2.0% replacement (N4) i st
higher than those of the plain cement concrete.(E®as
shown that the use of 2.0% nano-Zn@articles decreases
the compressive strength to a value which is neahé¢
control concrete. This may be due to the fact tiat
quantity of nano-Zr@ particles (pozzolan) present in the
mix is higher than the amount required to combirith w
the liberated lime during the process of hydrattbos
leading to excess silica leaching out and causing a
deficiency in strength as it replaces part of the
cementitious material but does not contribute tersjth
[11]. Also, it may be due to the defects generaited
dispersion of nanoparticles that causes weak zones.

Table 4. Compressive strength of nano-Zr@article
blended cement mortars

Compressive strength (MPa)

Sample nano- 7 days 28 days 90 days
designation  ZrO,
particle

(%)
co 0 27.3 36.8 42.3
(control)
N1 0.5 31.6 42.7 46.5
N2 1.0 33.1 43.6 48.1
N3 15 32.2 42.9 47.7
N4 2.0 28.5 39.7 44.3

Water to binder [cement + nano-Zj@atio of 0.40

The high enhancement of compressive strength inNthe
series blended concrete are due to the rapid canguoh
Ca(OH), which was formed during hydration of Portland
cement specially at early ages related to the raghbtivity

of nano-ZrQ patrticles. As a consequence, the hydration of
cement is accelerated and larger volumes of raactio
products are formed. Also nano-Zr@articles recover the
particle packing density of the blended cementding to

a reduced volume of larger pores in the cemengpast

3.2. Workability
A high-quality concrete is one which has acceptable
workability (around 6.5 cm slump height) in the sie
condition and develops sufficient strength. Basjcahe
bigger the measured height of slump, the better the
workability will be, indicating that the concretdods
easily but at the same time is free from segregatl@,
13]. Maximum strength of concrete is related to the
workability and can only be obtained if the coneréias
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adequate degree of workability because of self cmtipg
ability. Self-compacting repair mortars, as newhteogy
products, are especially preferred for the rehalitin and
repair of reinforced concrete structures [14]. The
water/powder (cement, fly ash, listene filler, silica
fume, nano-patrticles, etc.) ratio of mortar and type of
chemical admixtures should be determined, in otder
place the fresh mortar without any external compact
and at the same time without causing any segreufti).

In other words, the rheology of paste phase of- self
repairing mortar should have suitable propertiesmfr
flowability and segregation point of view [16—19].

The workability of CO and N series concrete arespneed

in Figure 1. The figure shows the influence of nZn@®,
particles content on the workability of mixturescanstant
water to binder ratio of 0.40. The results showt thdike
the CO series, all investigated nano-Zigarticles blended
mixtures had low slump values and non-acceptable
workability. This may be due to the increasing et
surface area of powder after adding nanopartiched t
needs more water to wetting the cement particles.

Slump (cm)

@ B N @ & g N @

Cco N1 N2 N3 N4

Figure 1. Particle size effects of nano-Ziih workability
of concrete. N1,N2,N3 and N4 are the series N l@ddnd
concrete with 0.5, 1.0, 1.5 and 2.0 percent of nam,
particles, respectively.

With the improvement of novel plasticizers, to abthigh
filling rates is possible even for compound molding
systems. The fresh characteristics of concretength and
durability of mortars can be improved by the adufitiof
inert or pozzolani¢20]. The selection of the amount and
the type of cementitious or inert powdetspends on the
physical and physico-chemical propertiedtedse powders
which are affecting the performance of fresh pasieh as
particle shape, surface texture, surface porositlyrate of
superplasticizer adsorption, surface energy (zetenpial),
finest fraction content, Blaine fineness and phatisize
distribution.

There is no universally accepted agreement onfthetof
these factors due to the complex influence of the
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combination of these factors [21].

Usually, increasing the fine particles content aments
changes the rheological properties of pastes and
consequently influences the workability of mortansd
fresh concrete mixtures. The observed changes ean b
advantageous or not as a result of many factohseinfing

the rheology of cement pastes [22]. It is usualpezted
that, if the volume concentration of a solid ischebnstant,

for a specific workability, the replacement of cemnwith

a fine powder will increase the water demand duéhé&o
increase in surface area. This is more observed for
nanoparticles blended concrete. However, in sonses;a
the above-mentioned conclusion is not appropriblai

Givi et al. [2] concluded that for a specific wobkity, the
inclusion of specified amount of rice husk ash welithe
water content and improved the workability. Langeale

[23] obtained same results with fly ash blendedccete.

But In this study, the addition of nano-Zr(Qarticles
decreased the fluidity and increased the water ddnfiar
normal consistency

Conclusions

The results show that the nano-ZrQarticles blended
concrete had significantly higher compressive gjiten
compare to that of the concrete without nanoZrO
particles. It is found that the cement could be
advantageously replaced with nano-Zr@articles up to
maximum limit of 2.0% with average particle sizdsl6
nm. Although, the optimal level of nano-Zr@articles
content was achieved with 1.0% replacement. Partial
replacement of cement by nano-Zr@articles decreased
workability of fresh concrete; therefore use of eup
plasticizer is substantial.
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