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ABSTRACT

Tailored maghemite nanoparticles with improved thermo-physical properties have
attracted vast interest in current years. The design and synthesis of these particles have
generated innovative magnetic, optical and other physical properties that arise from
quantum size effect and enhanced surface to volume ratio with huge application
significance. Tailored magnetic nanoparticles are prepared either by wet chemical
methods such as colloidal chemistry or by dry processes such as vapor deposition
techniques. This PhD project, aimed to develop novel vanadium doped maghemite
(Fea—xVxO;) particles with novel properties of ~ 5 nm and nanohybrids of maghemite
size ranges from 13-15 nm decorated multiwalled carbon nanotubes (MWCNTs) by wet
methods. Tailored maghemite — MWCNTs nanohybrid was later, applied in efficient
Lead removal application from aqueous solutions. The synthesis involved a facile Sol-
gel route, with control over the size, morphology and the magnetic properties. Tailored
maghemite particles were synthesized from a metal precursors and MWCNTSs in a
single pot reactor assembly, with forced nucleation in slight basic medium at pH ~ 9,
yields crystalline, pure phase and thermally stable particles and nanohybrids. The
synthesized particles and nanohybrids were characterized for different physical
properties; crystallinity, phase purity and transformations, morphology, hydrodynamic
particle size, polydispersity, magnetic properties, surface area studies, elemental and
oxidation states of iron and vanadium, thermal stability, colloidal stability, zeta potential
values and elemental ratios of iron, oxygen and carbon in tailored maghemite —
MWCNT nanohybrids. The comparative changes in structural, magnetic, surface area
and colloidal properties of the nanoparticles were found significant for future
applications in nano devices, magnetic coatings, magnetic separations and other
applications. Tailored maghemite — MWCNT nanohybrids were applied for efficient
removal of Lead from aqueous solutions in batches magnetically. Lead adsorption
mechanism was studied with Kinetics rate, adsorption isotherms. The effects of pH,
contact time, adsorbent dosage, and agitation speed on the Pb (II) removal were
scrutinized. Repeated adsorption—desorption cycles were studied to investigate the
prolonged use of nanohybrids. The maximum removal achieved was ~ 94 % in less than
2 h in a pH range of 6-7, which is very good yield with respect to previous studies. A
mathematical model (Minitab version 15) was studied to validate the experimental
method for the removal of Lead.



vil

ABSTRAK

Nanopartikel maghemite disesuaikan dengan baik sifat termo-fizikal telah menarik
minat yang besar dalam tahun-tahun semasa. Reka bentuk dan sintesis zarah ini telah
menjana magnet, optik dan lain-lain ciri-ciri fizikal yang inovatif yang timbul daripada
kesan saiz kuantum dan permukaan dipertingkatkan kepada nisbah jumlah permohonan
dengan kepentingan yang besar. Nanopartikel magnetik disesuaikan disediakan sama
ada dengan kaedah kimia basah seperti kimia koloid atau oleh proses kering seperti
teknik pemendapan wap. Projek PhD, bertujuan untuk membangunkan vanadium novel
maghemite didopkan (Fe,«V4O3) zarah dengan ciri-ciri novel ~ 5 nm dan nanohybrids
saiz maghemite antara 13-15 nm dihiasi nanotube karbon multiwalled (MWCNTs)
dengan kaedah basah. Maghemite disesuaikan - MWCNTSs nanohybrid kemudiannya,
digunakan dalam cekap Lead penyingkiran permohonan daripada penyelesaian berair.
Sintesis melibatkan facile Sol-gel laluan, dengan kawalan ke atas saiz, morfologi dan
sifat-sifat magnet. Zarah maghemite disesuaikan telah disintesis daripada prekursor
logam dan MWCNTs dalam periuk pemasangan reaktor tunggal, dengan penukleusan
terpaksa dalam medium asas sedikit pada pH ~ 9, hasil kristal, fasa tulen dan zarah
nanohybrids dan haba stabil. Zarah disintesis dan nanohybrids telah disifatkan dengan
sifat-sifat yang berbeza fizikal; penghabluran, kesucian dan perubahan fasa, morfologi,
saiz zarah hidrodinamik, polydispersity, sifat magnet, kajian kawasan permukaan, unsur
dan pengoksidaan besi dan vanadium, kestabilan terma, kestabilan koloid, zeta nilai-
nilai yang berpotensi dan nisbah unsur besi, oksigen dan karbon dalam maghemite
disesuaikan - nanohybrids MWOCNT. Perubahan perbandingan struktur, magnet,
kawasan permukaan dan sifat-sifat koloid nanopartikel didapati penting bagi aplikasi
masa depan dalam peranti nano, lapisan magnet, pemisahan magnet dan aplikasi lain.
Maghemite disesuaikan - nanohybrids MWCNT telah digunakan untuk penyingkiran
cekap Lead daripada penyelesaian akueus dalam kumpulan magnet. Utama mekanisme
penjerapan telah dikaji dengan kadar Kinetics, isoterma penjerapan. Kesan pH, masa
sentuhan, dos bahan penjerap, dan kelajuan pergolakan di Pb (II) penyingkiran telah
diteliti. Berulang kitaran penjerapan-desorption dikaji untuk menyiasat penggunaan
berpanjangan nanohybrids. Penyingkiran maksimum dicapai adalah ~ 94% dalam masa
kurang daripada 2 jam dalam pelbagai pH 6-7, yang merupakan hasil yang sangat baik
berkenaan dengan kajian sebelum ini. Model matematik (Minitab versi 15) telah dikaji
untuk mengesahkan kaedah eksperimen bagi penyingkiran Lead.
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CHAPTER1

INTRODUCTION

1.1 INTRODUCTION

This thesis presents the results of an experimental study of physical properties of
vanadium tailored maghemite nanoparticles and noncovalent nanohybrids of maghemite —
multiwalled carbon nanotubes (MWCNTs), that are synthesized by crystallization of amorphous
precursors. In addition to the synthesis, maghemite — MWCNTSs nanohybrids were employed in
environmental study for the efficient removal of Lead (Pb II), from aqueous solutions. A
mathematical model has been studied for the optimization of Lead removal efficacy from

aqueous solutions.

Magnetic nano materials are highly pursued during the last two decades because of their
improved thermo-physical properties in diverse engineering applications globally (Alivisatos,
1996; Fendler, 1998; Mahmoudi et al., 2011; Schmid, 1994; and Weller, 1993). The
manipulation of matter, with control at nanometer dimensions, produces new structures,
materials, and devices. Nano-particles promise an unprecedented advancement in many sectors,
such as medicine, energy, materials, consumer products, and manufacturing (Tari et al., 1979;
Poizot et al., 2000 and Mahmoudi et al., 2010). The main areas of application to date are in
electronics, photonics, pharmaceuticals, chemical synthesis and analysis, cosmetics and finishes
for surfaces and textiles. The synthesis of discrete magnetic nanoparticles with sizes ranging
from 2 to 20 nm is of significant importance, because of their applications in magnetic storage
devices (Awschalom and DiVicenzo, 1995; Billas et al., 1994; Handley et al., 1999 and Raj and
Moskowitz, 1990). The unique magnetic property of the nano-particles arises mainly due to the

reduced sizes of isolated nano particles and contributions from inter particle interactions are



negligible. The surfactant coating on magnetic nanoparticles prevents clustering due to steric
repulsion. Dynamic adsorption and desorption of surfactant molecules on to particle surfaces
during synthesis enable reactive species to be added onto the growing particles. These
nanoparticles can be dispersed in many organic solvents and can be retrieved in powdered form

by removing the solvent.

The preparation method plays a key role in determining the particle size and shape, size
distribution, surface chemistry and therefore the applications of the material (Jeong et al.,
2007).The conditions necessary for the formation of magnetic particles are essentially the same
as for non-magnetic particles but some special precautions are necessary because of strong

magnetic interactions among the particles. The essential parameters are:

e Separation of the nucleation process from the growing process.

e Protection of particles from aggregation.

e A controlled supply of precursor materials, and

e Temperature and pH of the solution.
1.2 PROBLEM STATEMENT

Chemical synthesis and in particular, methods from organometallic Chemicals have been

widely used to produce nanomaterials. (Klabunde et al., 1998) studied used Borohydride
derivatives reduction methods extensively for the synthesis. The drawback of these reductions
methods is the incorporation of boron in to the particles which leads to the modification of
magnetic properties of the particles. Reduction of metal carbonyls studied by (Suslick et al.,

1999) was not able to synthesis size and shape controlled nanomaterials.

(Dassenoy et al., 2000) studied the Hydrocarbyl complexes, by hydrogenating

organometallic complexes containing an olefinic and poly olefinic ligand decomposed to give



bare metal atom which would condenses in the reaction medium. Thus the particles are super
paramagnetic with blocking temperatures near 10 K and display an enhanced magnetization at
saturation per cobalt atom compared to bulk cobalt. Additions of O,, pyridine, isocyanides or CO

lead to a dramatic decrease of the magnetic properties of the particles. This demonstrates that:

o The absence or low contamination of the as prepared particles, and

o The presence of a relation between the m-accepting properties of the ligand and

the magnetic properties of the nanomaterials.

In general, the particle sizes, magnetic properties of magnetic nanoparticles can be
controlled by systematically adjusting the reaction parameters, such as time, temperature, and the
concentrations of reagents and stabilizing surfactants. Particle size increases with increasing
reaction time, because more monomeric species are generated and with increasing reaction

temperature because the rate of reaction is increased.

The followings key issues for magnetic nanoparticle synthesis are problem statement of

this research proposal.

o To study the particle size distribution (uniformity), in the synthesized mono

dispersed magnetic nano particles.

o To study the particle size control of magnetic nanoparticles in a reproducible
manner.
o To study the crystallinity and desired crystal structure of magnetic nanoparticles

with satisfactory level of crystalline identity.

o To study the Shape-controlled synthesis of anisotropic nanoparticles in relation to

specific applications.



