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and its application in cement mortar using optimization technique

Najat ]. Saleh, Raheek I. Ibrahim *, Ali D. Salman
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ARTICLE INFO ABSTRACT
Article history: The objective of this work is to prepare, and characterize silica nanoparticles (NS) for the first time from
Received 6 October 2014 Ardma silica sand, which is obtained from Anbar province in the west of Iraq. The procedure suggests

Received in revised form 5 April 2015
Accepted 18 May 2015
Available online 3 June 2015

using a combination of ball milling and heating process, then evaluating the influence of (NS) addition
on mechanical properties (compressive strength and splitting tensile strength) of mortar mixture to
improve its characteristics. Optimization of the operating variables (nanosilica particle size, and percent-
age of addition) involved using (WinQSB) and (Statistica) software to predict the optimum conditions.

K_e__vwords: . Samples have good 5i0, value of about 99.2% increased up to 99.83% after leaching with sulfuric acid.
Silica nanoparticle . . L . . L - -
silica sand The high purity silica sand was milled for 30-50 h to produce nanoparticle silica with average particle
Ball milling size of 50nm. By means of TEM, SEM, AFM, and PSA characterization, these nanoparticles look like
Optimization spherical particles and have irregular shapes with clusters, the range of their external diameters is
Portland cement mortars (30-100) nm. These nanoparticles silica have a good possibility to be applied as an additive material to
produce ultra high performance concrete. According to our knowledge, there is no previous work focus-
ing on preparing of silica nanoparticles from Ardama silica sand, and used to improve mechanical prop-
erties of cement mortar using optimization technigue. Optimization results proved that an improvement
in compressive strength of 29.889% occurred under optimum conditions (6% adding percent and 50 nm
particle size), while tensile strength was 22.863% under optimum conditions (8% adding percent and
50 nm particle size) at 28 day age.
©@ 2015 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder
Technology Japan. All rights reserved.
1. Introduction will be able to produce high purity silica sand nanoparticles of less
than 100 nm consistently. In the last decades, the employment of
Nanoparticles of silica sand have been researched progressively NS in concrete has changed it to have better mechanical properties,
and produced due to their unique features as a result of size reduc- initializing a great vision to the concrete erections [1]. Nano-scale
tion. Silica sand nanoparticles have proved to be a very effective substances have a great impact on concrete mixtures in order to
additive to concrete by improving durability, mechanical proper- their higher surface area. A lot of research used various nano mate-
ties and workability to produce high performance concretes. rials to show their effect on the concrete. One of the main interest
Nano-silica is also used as effective additive to polymers to is on NS, this has been attributed to its Pozzolanic characteristics
improve durability, strength, and flexibility. Nano-silica particles 12].
are widely produced by chemical processes. However, chemical For NS, the Pozzolanic reaction is more apparent than in silica
synthesis of NS produces high contamination in the final products. fume. NS has the ability to react with calcium hydroxide Ca(OH),
As the demand is increasing for higher NS purity, contamination is crystals, which are ordered in the interfacial transition zone (1TZ)
expected at the minimum level. Other than chemical synthesis, is among consolidated cement confection and aggregates, and
other processes such as precipitation, vaporization at high temper- generates a C-5-H gel. Consequently, the volume and quantity of
ature, sol-gel process, high speed vertical rotating mill, and plane- calcium hydroxide are characterized by reduction, and the strength
tary ball mill are among the most commonly used methods to of the reinforced cement developed [3]. Ball milling is one of the
produce silica sand nanoparticles. It is expected that the technique wide spread process to produce a fine powder in micro or nano
scales [4]. It is useful for grinding whole types of materials [56].
It has showed to be unsophisticated and prosperous procedure to
* Corresponding author. get huge amounts of nanoscale materials [7]. Thus, this study
E-mail address: doctorraheek@yahoo.com (RI. Ibrahim). focuses on preparation of silica sand nanoparticles from Ardama

http: [/dx.doi.org/10.1016 j.apt.2015.05.008
0921-8831/@ 2015 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder Technology Japan. All rights reserved.

Ali D.Salman 5/2



($AUB

Ameﬁcan_Un/ivetslt! o}fieiml

Acceptance Letter No: 330-BCEEZ
Date:  August 16, 2015

Dear Prof. Dr. Najat J. Saleh, Asst. Prof. Dr. Raheek L. Ibrahim and Ali D. Salman ,

Your paper titled:
Optimization process for using prepared Nanosilica in concrete

has now been accepted for presentation in BEEC2 which will be held in Beirut, Lebanon in
October 17 — 18, 2015.. The paper will be published in the conference proceedings.

Thank you very much for the submission.

SN o é? i

Prof. Dr. Shakir A. Salih I ad H. Al-Anbari
Conference Scientific Committee - Organizing Committee
Chairman st (Clisiooan

CANGINEERING DEPT.

N AAE PRPTR L T RAR

Ali D.Salman 6/2



Optimization Process for Using Prepared Nano
Silica in Concrete

Najat J. Saleh', Raheek L. Ibrahim™, Ali D. Salman'

Abstract— This study has been devoted to apply the
optimization technique involving central composite rotatable
design to seek on the optimum conditions for using novel
nanosilica (NS) in concrete; this nano silica has been
previously prepared from Iraqgi sand. Nano silica sand has
been shown to improve workability and strength. This
research presents the compressive strengths and the
microstructure photographs (SEM) of concrete containing
nanosilica particles with various sizes of 50, 80 and 100 nm,
then compared it with those for control mixture (without
nanosilica). Tested results indicated that nanosilica sand
significantly improved compressive strength of concrete.
The strength improvement was also dependent on the
particle size and concentration of nanosilica particles
(replacement content). Concrete containing (NS) with 50 nm
gave higher compressive strength compared with (NS) of 80
nm and 100 nm. The optimization results proved that the
enhancement in compressive strength is 30.149% at
optimum conditions. By varying the replacement contents of
NS as 2%, 6%, and 10% by weight of cement, the optimum
replacement content was shown to be 8% for all nanosilica
particle sizes used.

Keywords: Silica nanoparticle, Silica sand, Optimization,
Portland cement.

INTRODUCTION

Nanotechno]ogy has been defined by Drexler et al.
as “‘the control of the structure of matter based

on molecule-by-molecule control of products and
by-products’’. Nanotechnology can be considered as
the most modern aspect in the fields of science and
technology [1]. Because nanotechnology has great
market potential and economic impact, the need for
rescarch and exploration in this field and of its
applications has been growing significantly during the
last few decades [2].

!Chemical Engineering Department/ University of Technology/
Baghdad- Iraq

?Electromechanical Engineering Department/ University of
Technology/ Baghdad- Iraq

“Corresponding author e-mail: doctorraheek@yahoo.com

Nanoparticles of silica sand have been researched
progressively and produced due to the unique features
as a result of size reduction. Silica sand nanoparticles
have proved to be a very effective additive to concrete
by improving durability, mechanical properties and
workability to produce high performance concretes
[3].Nano-scale substances have a great impact on
concrete mixtures in order to their higher surface area.
A lot of researches used various nanomaterial's to
show its effect on the concrete. One of the farthest
interests is the nanosilica (NS), this has been attributed
to its Pozzolanic characteristics [4]. The aim of this
research is to gain better understanding of the
behavior of materials on the nano-scale level as well
as determine how to improve the microstructure of
cementations materials. Incorporation of
nanomaterial's into the matrix to improve concrete
mechanical properties has emerged as a promising
research field. Because there is no present work
concentrated along with this silica sand nanoparticles
conduct inside the concrete, this study optimized the
operating parameters like NS particle size and
percentage of addition to the concrete, using
experimental design procedure utilize a second order
polynomial model equations, the optimization
technique employed [WinQSB] and [Statistica]
software to analyze the developed model equation and
predicate the optimum conditions, furthermore, the
experimental validation of proposed model was also
involved.

2. Materials and Method

The  prepared nanosilica  specifications  and
characterization are available in our previous work

[5].

2.1. Mix Proportions

Thirty Concrete mixtures was made for compressive
strength test were included in the study, there are ten
experiments to be carried out for every curing age in
sequence according to experimental design. All the
concrete specimens had a water-to-cementations ratio
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