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Preface

The work presented in this thesis has been carricd out at laboratory, Department of Physics,
Facully of Basic and Applied Scicnces, International Islamic University, Islamabad. The
thesis is divided into four chapters. First chapter gives brief introduction of the rescarch
work. Chapter two relates to literature revicw and chapter three discusses fabrication
methods and preparation of the samples. Chapter four consists of characterization
techniques for investigation of samples and discusses the results. It also describes the ciTect
of coating on structural and chemical propertics of Graphene Oxidc coated silica spherical
nanoparticles and their application as adsorbent. At the end, there is an ovcrall conclusion

of the thesis and References to the literature arc mentioned.



Abstract

The spherical Silica nanoparticles have been synthesized by using modified Stober Method.
In order to enhancc the physical and chemical propertics of these spherical Silica
nanoparticles are coated with Graphene Oxide nanoshects. Whereas Graphene Oxide
nanosheets were prepared through modificd ITummers method and then uscd these coated

nanosphetcs as Adsorbent for various typces of oils just like dicsel and mustard oil.

Characterizalion of synthesized particles was done by using characterizc 1ools. The
morphology of the samples has been checked using scanning eleciron microscopy (SEM)
as well as compositional analysis was dcscribed by Encrgy Dispersive Spectroscopy (LEDS).
The structural investigation was done by X-Ray Diffraction (XRD). By using UV-visible
spectroscopy, band gap is calculated. Fourier transform infra-red spectroscopy (FTIR)
confirmed the characteristic energy bands. The observed characteristics and practical
applications of Graphcne Oxide coated Silica spherical nanoparticles are considered as the

rising candidate of Oi] adsorbent.






1.1.

1 .2‘

1.3.

1.6.

INTRODUCTION

Adsorbent

It is a solid material which supplies surface for adsorption. Adsorbent is basically a substrate
which has following qualities.

High surface area along with appropriate pore structure and size distribution is necessary
Good mechanical strenpth as well as thermal stability are compulsory

It has very long history, first document on it is the report related to adsorption behaviour of
charcoal by Fontana and was published in 1777. In 1814, N.T. Saussure had performed a lot
of adsorption experiments on charcoal. The adsorption technology nowadays is extensively
used in many industrial processes (e.g. gas and vapor separation) and characterization of
fine natenials. There are some basic terms described here which concerned with adsorbent
and helpful to understand it.

Adsorption

Adsorption is a procedure in which gas or liquid solute
gathers on the surface of a solid or a liquid (adsorbent),
and form a molecnlar or atomic film (adsorbate). It is a
result of surface energy and can create a layer of the
adsorbate on the surface of the adsorbent.

Figure 1.1: Adsorption

Adsorbate

These are the gas or liquid substances which are to be adsorbed on solids or we can say
it as the material being adsorbed.
Desorption

Desorption is the process to remove the adsorbed substance from a surface of the material.
Sorption
The phenomenon in which adsorption and absorption occur simultancously is called
sorption.
Difference b/w Adsorption and Absorption

Mostly people confused with absorb and adsorb. In adsorption, a substance connects
to the surface of another solid substance (e.g. paint sticks to the surface of a wall whenever

Page | 2
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we applied it through a paintbrush). Whereas in
absorption, a substance penetrates within another

substance (e.g. A sponge soaks up water). 4

Figure 1.2: Diff b/w
Absarption & Adsorption

Basic Principle of Adsorption

Adsorption is a surface phenomenon and consequence of surface energy. The surface of a
liquid or solid is in a state of strain or unsaturation which results in unbalanced residnal
force at the surface. These unbalanced residual forces result in higher surface energy.
Consequently, the surface of liquids or solids always tend to attract and retain the molecular
species with whicb it comes in ¢ontact. This tendency is responsible for the phenomenon of
adsorption.

Classification of Adsorption

There are two principal modes of adsorption of molecules on surfaces Depending upon tbe
nature of force existing between adsorbate molecule and adsorbent

Physical Adsorption

Chemical Adsorption

1.8.1. Physical Adsorption

If the forces of altraction existing between adsorbate and adsorbent are Vander Waal’s
forces, the adsorption is called physical adsorption. This type of adsorption is also known
as physisorption or Vander Waal’s adsorption. It can easily be reversed by beating or
decreasing the pressure.

Figure 1.3: Physisorption & Chemisorption

Page | 3















INTRODUCTION

1.12.5. In Defence as well as in Security

Nanotechnological institutes are developing and winning benefits of nanotechnology to
facilitate soldiers persist in battle circumstances. Several types of detecting nanomaterials,
like carbon nanotubes, Zn() nanowires or palladium nanoparticles are
utilized in nanotechnology-based sensors.

Nanotubes, nanowires, or nanoparticles, a

small number of gas molecules are enough

due to their small size for the modification

of electrical properties of the sensing

not failed to observe that nanotechnology

could generate a big change in troops Figwre 1.11: Defence & Security
function, move, and stay safe & sound.

1.12.6. Nanoelectronics

Nanotechnology is increasing the capabilities of
electronics devices with decreasing their weight and
power expenditure. Upcoming information processing
devices could require a standard shift in the technique per
whicb calculations are formed. By using electrodes
positioned adjacent to one another on a computer chip, the
new technique causes electrically charged atoms which Figwre 1.12: Nanoelectronics
ionized the air, leading to an inequality of charges that
makes gulps of nano-lightning{13].

1.12.7. Metallurgy and Materials

Several daily commercial products that depends on nanoscale materials and
procedures are currently on the market and in regular use. The enhancement of different
materials (i.e. steel) comes from the use of nanotechnology rather than the addition of
nanoparticles; processes are used that drive out impurities and refine grain boundaries to
reduce corrosion or increase strength. Changes can be made to the steel itself, or can be used
for coatings that work in a similar way. Composites of nano-enabled steel and ceramics can
be used to produce materials with high wear resistance and strength[14].

Page | 9
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51 O
Figure 1.19: Siructure of Silica
When all oxygen atoms are in bridging style, then a uniform crystal structure developed—
quartz otherwise non-bridging style makes amorphous structure which tends to glass.
1.14.3. Properties of Silicon Dioxide

Both physical and chemical properties of silicon dioxide involve hardness, colour,

¥

melting & boiling point, and reactivity. Under normal environment of temperature and
pressure silica is solid, crystalline mineral. Generally, it is hard, brittle and colorless to
white, but if contaminants are present then it may be colored. Its melting & boiling point is
very high so big hot furnace is required to make glass by melting silica sand. It does not
solvable in water, and act as an insulator for electricity[16]. Silica reacts only with
hydrofluoric acid and this reaction is used to etch quartz in the semiconductor industry. The
properties of the gilica can be generalized by listing them in the tabular form. The table is

given below:
Tabie 1.2: Properties of Silica

Properties of Silicon Dioxide

Chemical Formula Si0

Color Transparent / White

{l

Glass Transition
1475K

Temperature

Page | 14
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INTRODUCTION

Melting point of silica is 1610°C, which is greater than copper, iron, and aluminium, that’s
why it is used in mouldings and metal castings.

The work in this thesis focuses mainly on amorphous type of silica materials that
is well utilized and studied class of porous silica materials. There are numerous potential
and future applications for porous silica which can be unlocked through continuous research
and development.

1.14.5. Introduction to Graphene Oxide (GO)

Nowadays there is an extreme significance of graphene oxide has noticed to all
fields of science. Thin sheets of GO have recently developed as a new carbon-based material
that gives another route for graphene too. Graphene is just one atomic layer of graphite - a
layer of sp® bonded carbon atoms organized in hexagonal or honeycomb pattern[21]. It is
expensive and comparatively hard to produce[22].

Figure 1.20: GO

Graphene oxide is synthesized by powerful oxidation of graphite (that is inexpensive and
abundant), laced with oxygen-containing functional groups. It is supposed easy to
synthesized and dispersible in water as well as in other solvents[23].

Basically, GO is not a conductor or an insulator however its properties can be
controlled through oxidation. It is normally sold in the form of powder, dispersed, or as a
coating on different substrates. The solubility of graphene oxide in organic and inorganic
solvents is of great interest to rescarchers|24]. Graphene oxide possesses intrinsically
hydrophilic properties due to its water loving ability. This was imparted due to the presence
of the oxygen groups which increase the interlayer spacing of GO. Thus, water molecules

Page | 16
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can intercalate the sheets of GO rendering solubility and lurther increasing interlayer

distance while sontcated in watcr.

1.14.6. Structure of Graphene Oxide

Graphene Oxide structure is basically depended on the synthesis technique and
level of oxidation, As GO is an oxidized form of graphene which is laced with oxygen-
comprising atoms on both sides of shects and edges|23]. The precise atomic structure of GO
remains largely unknown. The oxygen-containing groups (carboxyl, epoxy and hydroxyl)
in GO can intensely affect its chemical, mechanical, as well as clectric characteristics and

give potential bencfits for utilizing GO in scveral applications|26].

ey EEENAES B
iy iy HO 1

Figure 1.21: GO struclure

These lunctional groups of oxygen reduce the van der Waals forces and increase
the interlayer spacing b/w shcets. By sonication, these expanded sheets are easily pulled-out
using an external force. Generally, GO is synthesized from graphite powder by mcans of
these basic techniques: Staudenmaier, Hofmann, Brodie and IMummers. There are many
variations cxist in these technigues with gradually improvements (o attain better results and

low-cost procedures,

1.14.7. Properties of Graphene Oxide

Recently growth rate of interest in graphene oxide's applications has caused
thousands of publications and a fast-tracking step of research. GO is strongly hydrophilic
and casily dispersible in water, organic solvents, and other different solutions due 1o the
existence of oxvgen-containing groups. This is the main advantage of GO when combining
it with polymer or ceramic matcrials to improve their clectrical and mcchanical

properties[27]. Graphene Oxide is very strong and can thus be processed into sheets as thin
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layer of GO/SiO; nanomaterial through very easy way, which were then used to adsorb
different kinds of oils (i.e. diesel, olive oil, mustard oil, beans oil etc) from the surface of

water in the sea.

Figure 1.25: Adsorption of oil

Furthermore, these GO/SiO2 PU sponges can be reused many times even more than
50 cycles and their adsorption capability is not deteriorated. The coating of GO/SiO2
nanomaterials are not only create hydrophobic sponges but also increased the compressive
strength of these . Thus, an arrangement of high hydrophobicity, elasticity and strength made
the GCS sponges highly efficient and reusable adsorbents for oil leakage[43]. There are
various commercial applications of this technology to clean water from oils.
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REVIEW OF LITERATURE

Chapter 2

Review of Literature

Page | 22



il

REVIEW OF LITERATURE

2.1 Overview

Silica is well known and most abundant oecurring clement of this planct. It has
normally exccllent stability with flexible boanding propertics for other elements. Duc to these
magical propertics, silica has become most important clement in technologics almost from
ancient glassware to latest supercomputers. Among various organic/inorganic hybrid
nanomaterials, silica coated nanomatcrials arce highly reported in literature. Silica has
capability 1o make broad range ol nanomatcrials: single or as a component ol greater
material structures. This may be lead 1o their broad use and the easiness ol particle synthesis.

This chapter significs a review ol the existing growth in the (eld ol synthesis and
characterization of Graphene Oxide coated Silica spheres which were prepared using “sol-
gel” method. It also 1old about the preparation of G0¥/S102 coated Polyurcthane sponges as
an il adsorbents. The reported research results on the topics ol Silica, Graphene Oxide.
famous “sol-gel” methods and preparation of nanoparticles coated polyurcthanc sponges by
simple methods are presented here.

Antonio B et al. in 2012 had work out for novel. flexible and simple one-step method 1o
devclop unitform silica nanosphercs. This was the first time to synthesized uniform silica
nanospheres by one-step method and great results had been achieved. This successiul
approach was based on joining the synthesis processes ol stlica and resoreinol-lormaldehyde
under Staber conditions {i.c. an ethanol-water medium and the presence of ammaenia)d. 1le
tound that the ditameter of silica nanospheres could be modilied ranging from 130 nm 10 5{(H)
nm by changing cthanol/water ratio or the intensity of silicon alkoxide. Ilis silica
nanospheres cstablished a great platform to produce hollow unilorm nanoparticles of carbon
or resorcinol-formaldehyde. These capsules™ diameter range was about 130 nm 1o 450 nm
that depended on the preeursor which was silica. He offered so many advanced matcrials.
which had extensive significance due 10 their capability as catalysis, drug delivery, selective
adsorption clectrochemistry, and nanocasting| 14|,

In 2008 Tlores, J. C., ct al. prepared silver coated silica nanospheres by simple and (ast
method: silver nanoparticles {around 2 1 4 nm in diameter) and silica nanospheres (aroend
10 £ 50 nm in diameter). 1le had followed the modificd Stéber method and involved the
production of uniform silica nanosphcres at room temperature, mixed with deposition of
silver nanoparticles in single-pot wet chemical method with ne more coupling agent for the

formation of nanospheres. He also presented the preparation and characterization of bare
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silica spheres without silver, he also proposed a reaction procedure to make core—shell
structure[45].

Ibrahim ct al, in 2010 reported that the cffcets of TLEOS (Tetracthyl orthosilicate) and
Ammonium hydroxide (NH3) concentrations on the resulted silica nanoparticles™ size. He
prepared the spherical silica nanoparticles by following the Stéher rout and named that silica
particles as “Stober Silica™, His results aiso showed that these silica particles™ size hecome
larger 1o increase the TEOS and Ammonia ratio wherever both the degree of hydrolysis and

condensation turn out to be faster and elfeet on the solubility of midway |Si (OC2115)4-

X(OH)X]. The surface modification of the silica nanoparticles by silane coupling agent have
given good dispersion in hydrophobic mediums.

[n 2007 Rahman, 1. A, et al. synthesized silica nanoparticles via hydrolysis in addition to
condensation of tctraethyl orthosilicate (T1EOS) under the influcnee of low lrcquency
ultrasound. lle got homogencous and scttled silica nanoparticles {around 7.1 + 1.9 nm in
diameter). | [c found that the particles size was enlarged by raising the concentration of N1 1;
and TEOS whereas raising concentration of 11-0. temperature, and decrecased ratio of N1
cxicnsively decreased the particle size. When optimum terms are applied. he achieved slim
dispersed and ultra-fine silica particles with a high vield of ~75% in a primary size range
or reproducible. These silanol assemblages were preat responsive lowards high temperature
and fractional restoration was achicved by ageing the sample material at room temperature.
te also stated that silanol groups concentration was inverscly proportional to their particle
sive[46].

Jianguo Song et al. in 2014, was successlully preparcd Graphene Oxide with two-
dimensional structure by modified Hummet's method. It was proven that redox method was
a promising way 1o synthesize GO on a large scale. e confirmed his results by dilferent
characterization technigues and these techniques fully supported his results lor the
synthesized GO. Such as his XRD results showed the crystal structure. T1EM & DFM
confinned microscopic morphology, 'T'IR certified the presence of oxygen-containing
functional groups, Flemental Analyzer (:A) & XPS deseribed the components of synthetic
material as well as chemical structure of the GO sheets and TGA & UV-Vis spectroscopy
results indicated that GO shects possessed execllent optical response and outstanding
thermal stability. 11c told that these oxygen-containing [unctional groups specificd many

opportunitics for beneficial applications ol GO in difTerent arcas.
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Recently in 2016 Usama Zulfigar, et al. reported the synthesis of hydrophobic silica
nanoparticles of diffcrent diameter ranges from 48 to 260 nm by sodium silicate solution.
He was achicved differcnt mean sizes of nanoparticles by varying the concentration ol the
precursor (sodium silicate solution) in methanol. He was investigated that the size of the
nanoparticles increascd by increasing the amount of the precursor and resulted particles
showed supcrhydrophobic propertics owing to their hierarchical structure with maximum
watcr contact angle of 158° and lowest rol) ofT angle of <571 Then he deposited silica
nanoparticles with bi-modal size distribution on cotton (abric and [bres to prepare
superhydrophobic composites for oil-water scparation. The composites containing cotion
fabric and fibres displayed cxcellent oil-water scparation efficiency under the inlTuence ol
gravity and absorption respectively. lle investigated that his super hydrophobic
nanocomposites arc efficient candidate materials lor large -scale oil-water separation.

[n 2015 Yoon, Chang-Min, ct al. successliully synthesized a chain of density-controlled GO
coated silica spheres by the surfactant template technigue with amine surface modilication
to examinc the cffect of particle density at clectrorheological (1ER) activity. They controlled
the density of silica spheres through penerating difterent sized pores wilth surlactant
template along with swelling agent incorporation approach. Further this they (abricated the
ball-milled GO on to the surlacc of various silica spheres 1o cohance ER, specifically
towards low density particles showed favourable ER functioning as compare 1o high density
particles including synergetic effeet of diclectric feature, He examined the ER periormance
by Stokes™ law with practical sedimentation observation and said these low-densily particles
with high ER performance can be used as promising candidate lor fluids by the reason ol
amplified particic mobility and diclcctric leature|48].

About the year 2012 Sobon, Grzegorz, ¢t al. demonstrated comprehensive rescarch with Er-
doped fibre laser mode-locked through two saturable absorbers that were depended on
Graphene Oxide (GO) & reduced GO, They described the suceessful production of saturable
absorbers together with specified contrast of their paramelers as well as they did not find
any considerable change in the lascr performance obtained in both inspected set-ups. Their
resuits also showed that their described technology, from the oxidation of graphite to GO,
was reproduciblc and synthesized GO may be effectively consumed as a usclul saturable
absorbcer exclusive ol its reduction to rGO. The GO formed stable aqueous dispersion that
did not required any organic composites or could be alfected straightforwardly on the Tused

silica windows while r(3() combines in water and should be passed on properly in toxic
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organic solution due to its hydrophobic properties. [ence they concluded that GO appears
to be good applicant as an economical substance lor saturable absorbers to Lr-doped fibre
lasers[49],

Kou. lLiang, and Chao Gao. etal. in 2011 reported the synthesis ol silica {(Si10-) nanomatcrial
coated Graphene Oxide (GO) nanocomposiles by facile onc-step liquid solution procedure
at room temperature with no additional templates or surfactants. During their synthelic
approach, a waltcr-alcohol mixture was used as the reaction agent because that was
environmental friendly in addition 1o nontoxic. They claimed that their synthesized hybrid
(GO-5i0n) layers can be constructed into paper [1im via (ltering method then that (ilm
works at great conductivity of 10°-10* Sm™' after reduction. Interestingly. these GO-SiO-
nanchybrid shects showed outstanding hydrophilic behaviour plus it conccened with
commonly types of butlding blocks for the construction of big arca superdrophilic surfaces
for different types of substrates (e.g.. polypropylenc. ceramic tile. and lotus Ical) by simple
drop coating technique. Thus, these coated large area superhvdophilic surlaces flatten the
treatments combined with spoiling the internal structure of substrates without any exira
process! 501.

In 2013 Liu, Yue, et al. fabricated coated Polyurcthane (PU) sponges with reduced Graphene
Oxide (rGO) by a facile method and characterized their propertics as well as their structure
by TFourier Transform Infrared Spectroscopy {(FTIR), X-ray Dillraction (XRD). Thermal
Gravimetrie Analysis (TGA). and Scanning Llectron Microscopy (SEM). Their prepared
(30 coated PU sponges had high compressive strength as compared with the simple PU
sponges and showed extremely high absorption (or organic liquids from waler surfaces due
to their superhydrophobic and superolcophilic characteristics. IThey got the absorption
capacities {or all the liquids and were found tested valucs more than 80 g and maximum
value 160 gg'was achicved for chloroform. Morcover, they claimed that the absorption
capacity of rGO coaled PU sponges did not deterioratc when they were reused lor 50 times
even the weight of the dry coated sponges did not change. So, these rGO coated PU sponges
has excellent recyclability and much more cost effective for the treatment of oil spills as
well as for oil water scparation.

Yang, Kaijic, Baoliang Chen, and Lizhong Zhu. Lt al, in 2015 reported that the considerable
accumulation ol the graphene nanoshcets could be casily overwhelmed by loading praphene
on the silica (8i02) nanoparticles because it decreased its powcerful adsorption capacity.

With the help of silica nanoparticles, the stacked interlamination of graphene was cxposed
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towards the adsorption spots in the interlayers and enhanced its adsorption capacity.
Adsorption capacity of these graphene coatcd nanomaterials was enhanced by increasing
the loading quantity of the graphenc sheets and radically reduced by introducing the oxygen
containing functional groups in the graphenc sheets. Strong n-x stacking interactions and
high hydrophobic cffect of the graphene sheets had great contribution towards the excellent
adsorption of graphene coated silica materials. That’s why the substitution of water droplcts
was enclosed to the graphenc sheets by ineffectual non-hydrogen bonding along with
phenanthrenc composites while effective n-n stacking interfaces was assumed to be an extra
adsorption procedure on behalf of graphene coatcd materials. These coated particles acted
as a framework for environmental applications such as economical and highly proficient

adsorbents to remove aromatic pollutants from water surface[51].
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MATERIALS AND METHODS

3.1 Overview

This section provides information on to what place | retricve the matcrials that arc
treated in my research. It further includes information on at which point approached my
rescarch work — and why. It is a notable componcnt of my obstinatc lab report. This section
gives a studicd account of the matter of form that was [ollowed in completing my

experiments.

3.2 Materials:
The matcrials that second-hand are a significant part of my complctely effort to boost a

schedule of action or involve a suited rescarch question.

3.3 Methods:

The methods that are used to gain information and ratiocinate an end-argument or uphold a

merger is furthcrmore important.

3.4 Formation of Nanoparticles
The term ‘nanoparticle’ is gencral and is regularly uscd to deal with materials that
are better illustrated for other terms. Nanoparticlcs are often crystalline and bring to a close
up considering referred to as nanocrystals. The changeover [rom microparticles to
nanoparticles can control to several changes in physical properties, There arc two main
factors in this
. surface arca to volume ratio,

. particle’s size proceeding to the state on the way to what place quantum cffccts prevatl|52].
Generally, two approaches are used in the preparation of nanoparticles from ancicnt times.

. Top-down approach

. Bottom-up approach

These approaches involve the reduction of nanomaterial constitucnts (approaches to sub
alomic level) by additional self-assembly method preceding towards the foundation of

nanostructures.

3.4.1 Top-down approach
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The first one is breakdown (top-down) approach in which an cutward force is
directed towards solid or bulk material to precedes for its break-up and directed towards into
nanoparticles. General examples of Top-down approach include ball milling, simple plastic
deformation and etching through the mask.

3.4.2 Bottom-up approach

The second one is the build-up (bottom-up} approach that creates Nanoparticles by
assembling them from building blocks of Atom-by-atom (atoms of gas or liquids based on
atomic transformations), molecule-by-molecule (molecular condensations), or cluster-by-
cluster. Typical examples of Bottom-up-approach are formation of nanoparticles from
colloidal dispersion and quantum dot formation during epitaxial growth.

Top- Down Approach

Figure 3.1: Approaches for nanoparticles

Eacb approach has its own limitations. For example, in top-down approach by
nature, are not low-pnriced and rapid to manufacture-slow and not acceptable for large scale
fabrication. Whereas in bottom-up, fabrication is mostly less expensive when sizes of
nanoparticles fall below nanometer scale. Because bottom-up approach empowers one the
concede nanostructure with less defects and preferably homogeneity. On the other hand,
top-down approach generally creates surface defects and impurities[53].
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MATERIALS AND METHODS

Thus, a device or procedure which is used for the synthesis of nanoparticles
accomplished the following situations: « apgregation control » tuncable particle sive, shape,
crystal structure, size, and composition distribution = progress in the purity of nanoparticles
* stabilization of structurcs, physical properties, and rcactants = greater reproducibility
+  cost effective, scale-up, along with grcater mass production. Similar results can be

achieved through bottom-up and top-down approaches.

Synthesis of Silica Spheres

The synthesis of silica has been a research ficld of rapid developiment. attracting
great interest due to wide varicty of potcntial applications. Many ficlds of science and
industry target silica as a material of intense interest. The propertics of nanoparticles arc
highly size-dependent so the synthesis of nanoparticles with dcsire size and uniform
composition is of great importance. These propertics are of interest in applications such as
adsorption, separation, catalysis, drug delivery and purification. Silica nanoparticles can be
produced using a wide variety of synthetic methods[54] with preeise control over their
physical (size} and chemical characteristics {uniform compesition). Some of thesc are dry
methods (solid state method) and some are wet methods (chemical method), Spherical silica
particles can be synthesized by these several different methods:
Spray Drying
Chemical Co-Precipitation
Sol-gel Mcthod
Microcmulsion Method
Vapor-Phase Synthesis
Acid Hydrolysis
Thermal Treatment Method

In this thesis, silica nanoparticles were obtained from a modificd Stéber method[55].

Synthesis of Silica Spheres by modified Stéber method

The formation of spherical silica can be controlled through control of the reaction
system. There are numerous factors that determine the final form of the spherical silica.
The first successlul synthesis of spherical silica particles with controlled particle size was
the Stéber method in liguid phase through “bottom-up™ procedure[56]. The Stéber method,
continucs to be a widely employed for synthesizing silica nanoparticles, was developed in

1968, This is an examplc of “sol-gel” proccdure whercin a composite precursor {usually
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the colloidal solution was centrifuged by high-spced, and scparated silica particies through
three times washings of absolute ethanol form undesired particles[44]. Keep on by drying

in oven at 100 °C for 2 hrs to aveid continuous reaction.

Schematic representation:

The schematic representation of the Stdber method for the synthesis of spherical
silica is as:

Figure 3.2: Procedure for Sifica nanopartictes

The usage of silica nanoparticles with a specific particle size along with
tremendously narrow distribution, is always wanted, for the applications in differcnt ficlds.
Diamcter of the silica nanoparticles by Stober procedure is handled through the contribution
after nucleation and growth procedures. That's why, we can say that particles” diameter
influenced via TEOS plus NHj ratio. [45]The nanoparticle’s sizc increases by raising TEOS
and ammonia ratio at which both the condcnsation and hydrolysis’ rate as well as
condensation turn out to be quicker, affcct the intermediate solubility affect and hence

influence the supersaturation for the nuclcation procedure.

3.6 Synthesis of Graphene Oxide (GO)

Graphene oxide is an oxidized derivative of graphene and is obtained from the scvere
oxidation of graphite powdcr. This process introduces oxygen-containing functional

groups to the surface of GO[58].

Graphcne Oxide can be prepared by these several different methods:

Lilectrochcmical synthesis of graphenc oxide
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Morphological synthesis of graphenc oxide

Graphene oxide nanosheets synthesized by using graphite nano-fibers
Chemical Vapor Deposition (CVD)

Total Organic Synthesis

Chemical Methods

Here we have used the modificd Hummers method to synthesize graphene oxide.

3.6.1

3.6.2

Synthesis of Graphene Oxide by modified Hummers Mcthod

Graphenc oxide, a chemically altered graphence, is synthesized from the
chemical cxfoliation of natural graphite powder following the most commonly used
modified Hummers method{59]. Graphite consists of slacked graphenc layers with a plane
distance of 0.335 nm,

Briefly, graphite powder was oxidized in the presence of 2804, NaNOs and
KMnO4. Oxidized graphitc was washed with HCI, [1O: and warm distilled water,
followed by exfoliation induced by sonication. Severc oxidation process in moditied.
Hummers method separates these stacked graphenc layers (into single and few sheets) and
introduces many oxygen-containing functional groups to the basal planes and cdges|60].
This oxidized product is refcrred 1o as graphene oxide. In addition, this proecss results in a
layer distance of 0.74 nm. As-preparcd GO readily cxfoliates into individual nano sheets
in polar solvents upon a simple sonication and forms a suspension which is stablc for a

long period[61].

Chemicals

The chemicals and their specifications which used in the modificd Hummers method lor

Graphenc Oxide are listed in the given table:
Table 3.2: Chemnicals used for GO

Chemicals Chemical Formula Chemical Structure
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3.6.4 Experimental Procedure

Before going to the procedure of graphene oxide we have to get expanded graphite
from naturally graphite powder. Synthesis of expanded graphitc by chemical method with
sulfuric and nitric acids is summarized. [xpanded graphitc was prcpared at room
temperature by mixing of sulfuric acid (H2S04) and nitric acid (HN(3) with natural graphite
powder, The mixture was placed for 1h and 30min in a magnctic stirrer and then soak [or 3
days. The mixture which was prepared was washed with distilled water to achicve pll in the
rangc of 5-7. Aftcer that centrifuge this and then dried at 60°C 1o get expanded graphite.

By using modified Hummer method in detail, expanded graphitc was added in
intervals to the sulfuric acid (11:504) which was magnetically stirred for 10 min. KMn(y
was slowly added in it with continuously stirring in an ice bath for 45 min to keep the
temperature below 10 °C. Afterwards, the suspension was then stirred for 2h in water bath
at 40°C. Then the temperature of mixture was sct at constant 90°C for 60min whereas
deionized water was continuousty added to it. Further 1302 was mixcd into 1his solution
after Smin. The outcome solution of the reaction was centrifuged then washed it with HCI
and deionized water mixture repetitively. Lastly, the final product was dried with hot plate

at 600C[62].

3.6.5 Schematic representation:

The schematic representation of the Hummers tnethod for the synthesis of graphene oxide

is as:
£z
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Figure 3.3; Procedure for GO sheets
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The most important point for the synthesis ol graphenc oxide is (o choose the appropriatc
oxidizing agents for oxidation of graphitc. Graphenc oxide has many oxygen-containing
[unctional groups after chemical modification., which make its possibility to usc in several

applications.

3.7 Coating and Chemical Modification of Nanoparticles

3.7.1

Therc are limitations in the applications of nanomatcrials due to their limited behaviour in
various solvents. Surface modifications of nanomatcrials assist to modify their propertics 1o
suitable in different applications nanotechnology, because surface propertics reveal the
interaction among the components, as well as the solubility and agglomeration behaviour in
various solvents[63].

To improve or exchange the dispersion of the nanoparticles, thec compatibility between the
nanoparticles with other materials, physical or chemical methods arc required to modify the
physical, chemical, mcchanical prozpertics, as well as the surface structure of
nanoparticles[64].

These are different techniques used for coating and surface modification of nanoparticles.
Thermal Spraying

PVD Techniques

CVD Techniques

Sol-gel Technique

Plasma Assisted Coatings

Liquid Phase Oxidative Treatments

While here we adopled the sol-gel method for coating of silica spheres with graphene oxide

nanosheets.

Graphene Oxide (GO) coated Silica Spheres by Sol-gel method

Basically, “sol-gel” method is a wet-chemical proccdure that works either with colloidal
particles or chemical solution[65] since after 1800s 1o produce intcgrated networks (gel). It
offers a wet method to dope materials on behalf of improved performance. “Sel-gel” method
could be managed to get desired particle shape, size, and sizc distributions. It also provides

new approaches and a better control at molecular level.

3.7.2 Materials
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The materials which used in the Sol-gei mcthod for Graphene Oxide coated Silica sphercs
are given:

° Silica

] Graphene Oxide

. Deionized Water

® Iithanol

3.7.3 Experimental setup

. Heating plate with automatic temperaturc regulation
U Glass beakers

) Petri Dish

. Magnctic Stirrer

* Centrifuge Machine

3.7.4 Experimental Procedure

Coated Silica spheres were prepared by dispersing Silica spheres into ethanol
solution and vigorously stirred for 12h to get template solution. Subsequently in another
beaker GO nanoshcets were dispersed in deionized water then added this dropwise to the
obtained modified solution. Mixcd solutions were continuously stirred for overnight then
washed with deionized water as well as with ethanol. Resulting Graphene Oxide coated
Silica sphercs in powder form were collected by centrifugation and dried by heating plate

at 60°C. Further sonication wil! reduce the particle size of the GO coated Silica spheres.

3.7.5 Schematic representation:

Overall scheme for surface modification ol silica nanoparticles with GO wrapping

procedurc is explaincd by below fig.
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—
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+

Silica GO — Gradually Added
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Ethanol DI water

——

GO Coated Silica
Spheres

Figure 3.4: Coating procedure

The approach that we used for surface modification to enhance functionalization
of nanoparticles based on the particular atomic structures of the materials and their

collaborations towards ligands[66].
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CHARACTERIZATION AND RESULTS

4.1 Overview

The basic purpose of this chapter is to brictly discuss the experimental results of the work
that is performed on SiQ2 nanoparticle synthesis and decoration it with carbon support
sheets, These experiments, involving the simultancous synthesis and coating of GO sheets
on spherical Silica nanoparticles were performed in the presence of water and ethanol by
following wet chemical methods, Every material has its own particular propertices. Different
techniques can be used 1o fathom the propertics of nanoparticles. ITach technique gives some
specific information: some are allied to chemical and others may be associated with physical
propertics. Pifferent tools of characicrization have been used to study structural and

chemical properties of materials.

4.2 Characterization Techniques

There are various characterization techniques used to analyze and determine the
particle size of the spherical silica particles and their coatings with GO sheets. We have
cnlisted and bricfly discussed the basic principles of some techniques which are used in our
cxperimental work that is donc for this thesis. For sample characterization, the following
technigues were used:

SEM - Scanning Electron Microscopy

EDS - Energy Dispersive X-ray Spectroscopy

XRD - X- Ray diftraction

FTIR - Fourier — Transform Infrarcd Spectroscopy (I'TIR}
UV-VIS - Absorption Spectrophotometer (LIV-VIS)

[n this chapter, SEM analysis conlirmed Si(): spheres were decorated with GO
sheets as well as the morphology of the silica spheres and araphene oxide sheets, Then the
successful development of G(O/Si0O: nanocomposites was verified by UV-Vis absorption
spectroscopy. Conversely, XRD provided report about the degree of crystallinity of
nanocomposites which werce cstablished at aliered concentration. lts analysis conlirmed that
the decorated SiOz matches that of aimorphous structure. SEM, XRT) and simultancous FTIR
analyses were performed to verify the characteristics of GO/SiO: nanocomposite matcrial

samples that were synthesized by using new approach.
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4.2.2.2.1

CHARACTERIZATION AND RESULTS

Elemental investigation was taken with the electron beam focused to the material atoms.
When the incident radiation is bombarded, electrons are emitted from the atoms involving
the surface of the sample. These electron vacancies are occupied with electrons coming
from a higher state, an x-ray is released to cover up the energy difference b/w two
electrons' states. This x-ray energy is representative of that specific element from which it
was released.

Figure 4.7: Basic principle of EDS

A solid-state detector collected these X-rays whose energy range is about 0-40 Kev and
showed on computer screen. Peaks will display on the spectrum, and the area involved
within a peak is generally proportional to the quantity of the concern element of the samnple.
The efficiency of the detector is decreasing with increasing energy values.
Results Analysis

With the help of EDS - Energy Dispersive Spectroscopy chemical investigation of
the processed particles was done. This can be possible by SEM - Scanning Electron
Microscopy with the help of a detector which compared with gained x-ray energy values to
verify the elements present in that sample.
Pure SiO: Spheres

The EDS spectrum of SiO; is shown in figure. This spectrum displays peaks of
silicon as well as oxygen. It confirms the establishment of $iO2 spheres.
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CHARACTERIZATION AND RESULTS

d = spacing b/w atomic layers
0 = angle of incidence and reflcction
There are different mcthods used for XRD of the sample. These methods are as undcr:

Laue Mcthod

Debye-Scherrer Method

Bragg’s crystal rotating Method
Brapgg’s Powder Diffraction Method

Bragg’s Powder Diffraction Mcthod

Nowadays powder diffraction has become most signiticant and critical method in
nanomaterials. This method produced great results about structural information of
nanomaterials during investigation proccss. The sample in powder form is exposed to X-
rays of known wavclength, According to Bragg's law when an intensc heam of
monochromatic light has fallen on a crystal, incident beam rcflected secularly (rom different
plancs. Diffraction is basically a scaftering phenomenon; many atoms co-operatc in it
Brapg’s reflection will occur by their (1 1 1) plans, other particles wilt be rightly oricnted
for reflection by (1 0 0) planes and so on. In this methoed, no actual rotation of the crystal
system occurs but the distribution of the number of crysiallites in ¢cvery possible dircetion

is equating to single rotted about all possible direction of 20.

Particle Size
The term ‘Particle Size’ is used to refer crystals having size lcss than 1000
anpstrom. For the calculation of averape crystallite size of nanoparticles, Debye Scherer

{formula is uscd from the broadening of diffraction peaks.

ki

ficoso

Here D is crystallite size, k is a shapc factor (~0.8-1.39), A is an incident radiation
wavclength, 0 is the Bragg’s angle and B is full width by half of its highcst intensity and it is
calculated in radians.

The decreased crystallite size is the reason for increasing the width of diffraction.
Broadened pcaks are noticed in very small crystallites because there are not sufTicient planes
are present which produced complete destructive interference. Crystallites smaller than

~120nm create broadening of diffraction peaks.
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4.2.34.2

4.2.4

CHARACTERIZATION AND RESULTS

Comparison b/w GO coated Silica Spheres and different Concentrations (20% & 60%)
To prove the adsorbance property of nanomaterials, pure $i0O; and its coatings with

20% & 60% concentration were characterized by XRD (Figure 4.15 ).

29

Figure 4.15: XRD resuits of pure Silica compared with 20% & 60% GO

Figure shows the XRD - X-ray diffraction pattern for our samples (pure SiO; and
GO/Si0O; coated spheres with 20% & 60% concentrations). With comparing the results of
our samples to the pure SiO, XRD curve, we cannot evaluate the crystallization degree
towards our coated samples. The broad diffraction peak in XRD curve for coated samples
was indexed at 208 = 26°due to Graphene Oxide, anyhow GO has such a small impact on
Silica because GO crystallinity is not good as many crystals (Ying et al). The shape of pure
8i0; peak did not change with amorphous characteristic peak. The GO/Si0; coated spheres
showed a broad peak at 26° with both concentrations because of the major effect of silica.
This indicates that the synthesized GO coated SiO2 spheres had not a good crystallinity

level, so was supposed to have appropriate adsorbents.

FTIR - Fourier Transform Infra-Red Spectroscopy

FTIR is an advance, speedy accurate, non-destructive and the preferred method of
infrared spectroscopy which uses the mathematical process-Fourier transform to convert
raw data to actual spectrum. IR - Infrared spectroscopy is basically most significant and
critical technique accessible for scientists to recognise unknown materials by utilizing the
interactions of infrared light with matter.
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4.3

4.3.1

CHARACTERIZATION AND RESULTS

The UV-vis spectra of GO coated Silica Sphere shows the Maximum absorbance peak is

about 295 nm. The band pap is calculated by using the following relation
Band gap energy (1) = (h*c)/k
Where
h = Plank’s constant
¢- Spced of light
» — wavc length

So, we get the band gap of GO coated silica sphere is 4.2 cV

Applications

With the development of world oil production and the increasc ol transportation, oil spills
as wcll as chemical lcakage from industrial mishaps on scawatcr have had devastating
impacts on marine. aquatic ecosystems and as well as on environment, Pue 10 this, various
sea birds or mammals have been dicd and has a scrious threal 1o pcople’s health. Therelore.,
a matcrial is urgently required which is cheap, rcliable, and environment fricndly that can
remove these oily pollutants [rom water surfaces with high adsorption ability. high

selectivity, low cost, low density, scalable (abrication, and exccllent recyclability.

In this thesis, we prepared Graphene Oxide coated Silica spheres and then used
these GO/SiO2 nano particles as adsorbent for different oils|74] with the help ol a
Polyurcthane Sponge. Polyurethanc (PU) sponge is comincreially available 31> porous
matcrial with high absorption capacity, good clasticity and low density. Oil adsorbent PU
sponges was coaled with GQ/Si() nanoparticles by a simple method and then used these
for different kinds of oils (diesel, lubricatc oil, pump oil, bean oil, olive oil, mustard oil ete.).
The coating ol GO/Si02 nanoparticles makes PU sponges more hydrophobic and increase
their compressive strength. Hence, a combination of great elasticity, hydrophobicity as well

as strength creates highly efficient plus reusable adsorbent PU sponges for oil spilling[43].

Preparation of GO/SiO: coated Polyurethane Sponges

First of all, polyurcthane sponges were cut into small pieces and cleancd ultrasonically with

ethanol. After that these small blocks were washed with deionized water and dricd at 60 °C
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CHARACTERIZATION AND RESULTS

Figure 4.29: Diesel Oil

Dip the simple and modified GO/SiO2 coated PU sponges in the diesel oil in the equally
filled graduated cylinders with diesel oil. Picture is shown below.
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4.3.3

4.4

CHARACTERIZATION AND RESULTS

This shows that GO/SiO» coated PU sponge is acicd as an adsorbent material for difterent
types of oils and can be used these sponges for the oil-watcr separation or filtration ol ol

from water,

Recyclability

These adsorbed oils were easily accumulated by simple mechanical squeezing, procedure.
The squeezed sponges can be recycled in oil—water scparation for numerous cycles whercas
kceping highly separation capability] 75]. The coated PU sponges were discovered reusable
up 10 50-60 cycles by owning 80% of its initial capacity| 76].

Conclusions

When GO is co-used with silica as coated matcrial for PU sponges, main outcomes of this
rescarch work are summarized here:

There are threc different synthesis technigues have been used to makce successfully graphence
oXide coated silica spheres for the adsorption of the oily pollutants from the surfacc of water

with the help of polyurethanc sponges.

Modified Stéber Method is used for the synthesis of Silica Spheres
Modificd Hummer’s Mcthod is used for the synthesis of graphene oxide sheets

Graphene Oxidc coated Silica spheres arc synthesized by Sol-gel Method

The SiQ: nanoparticles are formed when GO is synthesized. Then a wet-chemical technique
is used to producc particles of the coating material. On behalf of these experiments, it can
be concluded that GO/SiO: nanosphercs produced posscssed great absorptivity for oily
pollutants, low cost, rcliability, and high recyclability which can be ctficicatly used for

water filtration in sea or industries.

The synthesized GO/SiO; nanospheres samples were characterised by using dilTerent
icchnigues such as SEM, EDS, XRD, FTIR or UV-Vis spectroscopy to gain morphology,
compositional investigation, structural analysis, chemical bonding and optical studics
respectively. Scanning electron microscopy results confirmed that the silica particles are
spherical and the average size of ~ 186 nm was obtained. It also clcarly showed the proper
coatings of GO (20% & 60%) on Silica sphcres, EDS analysis data of the purc silica and
coaled material showed the compositions of Si, O & C peaks which describe the purity ol
the samples. From XRI) results, it was proved that silica nanoparticles are naturally

amorphous and the coating of GO (20% & 60%) did not much disturb the structurc of SiOx.
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The FTIR results revealed the molecular bonding's of the coated materials. UV-Visible

absorption spectroscopy outcomes tell us that the GO

All above characterization results supported the nanocomposites to be modified towards a
certain application, as exhibited by our experimental work to the adsorption. The GO/SiO;
composites coated with PU sponges prepared in this investigation are efficient candidate

materials for large-scale oil-water separation.

4.5 Future Works
To accomplished this thesis work, it should be observed that there arc still abundant
chances for future research in this arousing field of the study. This thesis rcsults can be
applied for future researchers. Future inquiries may focus on quality control (i.e. particle
size, more adsorption and recyclability, ete) of the GO/SiO2 nanoparticles during the process
of adsorption. The analysis of SiQ2 with carbon or graphene based nanocomposites and

boost their practical applications in several environmental issues are also future directions.
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