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ABSTRACT
To obtain the hydrophobicity cotton fabrics, cotton fabrics were treated
with silica nanoparticles and/or accost effective Water Repellent agent
(WR agent).Two different silica nanoparticles were synthesized via a sol—
gel process and their shapes, sizes, and compositions were characterized.
It was found that silica particles are spherical and have diameters of 150
and 300nm.
For the cotton fabrics treated with the WR agent alone the water contact
angles on the fabric surface remained lower than 20°approximately at the
WR agent concentration of 0.3wt% or less.
Silica nanoparticle treatment itself did not change the hydrophilic surface
of cotton fabric indicating that water drops were absorbed into fabrics due
to the hydroxyl groups on both cotton and silica nanoparticle surfaces.
However for the cotton fabrics treated with both silica nanoparticles and
the WR agent a contact angle above 105°can be obtained even at the very
low WR agent concentration of 0.1wt%.
Therefore,hydrophobic cotton fabrics could be obtained the combined
treatment of silica nanoparticle and WR agent, which is cost effective

com-pared with fluorinate silane treatment.

Keywords — Hydrophobicity cotton, silica nanoparticles, water

Repellent (WR), Contact Angle (CA).
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CHAPTER 1
INTRODUCTION

Textiles are intensively used materials in daily life. However, direct
outdoor use of textiles including the synthetic ones such as nylon,
polyester, acrylic etc. for weather protection and water proofing require
surface treatment or multilayer approaches .Textiles made from natural
fibers such as cotton, wool, silk etc. are particularly unsuitable for
weathering owing to their inherent hydrophobicity and structural
instability upon contact with water. Nevertheless, recently increased
environmental awareness as well as potential large scale applicability of
some techniques towards water proofing natural fibers have increased
exploitation of these inexpensive natural fibers for applications with
requirements of water and oil repellency (Zahid et al., 2018).

Modifying surfaces by changing their roughness and chemistry is
considered to be the only way to achieve water repellent natural fibers.
This i1s still a challenging task and requires an efficient combination of
low surface energy chemistry with hierarchical micro/nano-scaled
roughness. The most common approaches reported in the literature
involve utilization of silicone chemistry with nanoparticle (i.e. SiO,)
immobilization on fabric surfaces Depending on the type of incorporated

nanoparticles, multifunctional fabrics can be realized by one-step process.
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In order to achieve water repellent textiles, various fabrication techniques
such as solution immersion and sol-gel methods. The treatment was made
in such a way that the open porous structured was preserved allowing
breathability. The ease of application technique, industrial scale
availability of the low-cost polymers and the non-toxic ingredients
would allow this fabric treatment to be implemented in large scale
textile treatment facilities(Deeksha et al., 2020).

Silica nanoparticles is being used in developing countries to help treat
disease and prevent health issues, and also being applied to or developed
for application to a variety of industrial processes (Vishwakarma et al.,
2018).

Many fundamental researches on hydrophobic surfaces are conducted on
such rigid solid substrates as mostly used silicon wafers, glass slides, and
metal surfaces. These substrates might limit the practical application as
well as the large-scale production of hydrophobic surfaces. In recent
years, hydrophobic surfaces on fabric have been obtained by a number of
different approaches (Srivastava, 2020, Enieb and Diab, 2017, Wang et
al., 2021).In this work; we adopted the traditional fabric finishing process
to prepare hydrophobicity surfaces of cotton fabric traded of silica

nanoparticles.
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1.1 Problem statement

e Cotton fabric is an ideal place for settling and growing pathogenic

bacteria because of its porous and hydrophilic structure.

e Hydrophilic is also of importance especially in some specific
applications like medical usage , human tissue, antifouling
nanoparticles of SiO, have been developed for super hydrophobic

surface on the cotton fabric .
1.2 Objective

The main objectives of this study were to obtain the hydrophobic
water-repellent cotton fabrics, Prepare new prototype from cotton
fabrics with silica nanoparticles and study the influence of the
cotton fabrics Treatment with silica nanoparticles on the properties.
1.3 Research Hypothesis

P The first hypothesis is limited by the needs for materials (Pure
cotton fabric, SiO, nanoparticles and PVA/PEG).

P The second hypothesis stable process parameters to be sure that all
the structures are produced with the same.

P The third hypothesis requires a surface treatment in order to

improve the quality of cotton fabric.
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» The fourth hypothesis requires a mechanical and chemical test in
order to determine properties of cotton fabric such as tensile
strength, contact angle, FTIR.

P The fifth hypothesis requires more experimentation in the wet of

a hydrophobicity cotton fabric.
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CHAPTER 2
LITERATU RESURVEY

In recent years, super hydrophobic surfaces have attracted great attention
for their wide applications mn water-repellency, self-cleaning, anti-sticking
and anti-fouling Surface wettability 1s governed by both the chemical
composition and the geometric structure. In nature, the unusual super
hydrophobicity of lotus leaves, with static water contact angles larger than
180°and sliding angles less than 107, is known to originate from the
combmation of micro- and nanoscale hierarchical structures and low
surface energy materials on the surface For fabric surfaces, they have the
natural micrometer scale roughness coming from the fibers themselves and
the woven structure. The surface morphology of the silica nanoparticle
assembled fibers can be taillored by the assembly cycles, which makes it
available to study the effect of the surface morphology on the static contact
angle and the angle hysteresis (Sarshar et al., 2013, Zhao et al., 2010,
Grundke et al., 2015, Zhang et al., 2011, Gou and Guo, 2019).

The presence of the hydrophobic nanoparticles, however, will prevent
water from penetrating hills (Barthlott et al., 2016). To simulate or produce
such super hydrophobic surface on substrates, among different methods
(such as chemical vapor deposition phase version electro spinning,
electro wetting hithography and etching) the sol-gel method seems more

conventional to be used on textile materials, due to easy processing and
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acceptable treatment conditions (e.g., low temperature). In this method,
hydrolysis and condensation reactions of the precursor material are carried
out to form a nanocolloidal solution, and a network of nanoparticles will be
formed on the substrate through the gradual evaporation of the solvent.
The precursors are often based on metal organic compounds such as
acetylacetonate, or metal alkoxides like tetraethoxysilane Si (OC.H).
(TEOS), titanium 1sopropoxide Ti1 (OC:H:):, and Al (OC.H.): (Lin et al.,
2018, Ahlers et al., 2019). According to its natural properties cotton fabric
1s among the very popular textiles. Producing hydrophobic surface on
cotton fabric will guarantee 1ts dryness and cleanness which 1s considered
as desired features, mn particular on 1ts outside facet .Furthermore, cotton
fabric 1s an 1deal place for settling and growing pathogenic bacteria because
of 1ts porous and hydrophilic structure. So, hydrophilic 1s also of
importance, especially in some specific applications like medical usage.
Like many other particles, the desired properties of copper may be
mmproved by reducing its size to nanoscale. Hence, these nanoparticles can
be developed and applied 1n various new fields, such as water purification,
medical science, human tissue, antifouling (Innovativi). Few researches
have been focused on developing two abovementioned properties on
cellulosic substrates like cotton fabric, simultaneously.

On the other hand, nanoparticles of copper and core shell S10:/Cu have

been less developed for textile finishing. The current aimed to fabricate
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hydrophobic surface on the cotton fabric, by mtroducing Cu nanoparticles
mto the silica sols. It was expected that due to their chemical activities, such
nanoparticles would change the morphology and arrangement of silica
nanostructure, and in addition activity on cotton fabrics (Berendjchi et al.,
2011). Textiles are intensively used materials in daily life. However, direct
outdoor use of textiles ncluding the synthetic ones such as nylon,
polyester, acrylic etc. for weather protection and water proofing require
surface treatment or multilayer approaches (Zahid et al., 2018). Textiles
made from natural fibers such as cotton, wool, silk etc. are particularly
unsuitable for weathering owing to their mmherent hydrophobicity and
structural 1nstability upon contact with water. Nevertheless, recently
mcreased environmental awareness as well as potential large scale
applicability of some techniques towards water proofing natural fibers have
increased exploitation of these mexpensive natural fibers for applications
with requirements of water and o1l repellency (Karim et al., 2020, Tausif et
al., 2018). Modifying fiber surfaces by changing their roughness and
chemistry 1s considered to be the only way to achieve water repellent
natural fibers. This 1s still a challenging task and requires an efficient
combmation of low surface energy chemistry with hierarchical
micro/nanoscaled roughness. The most common approaches reported in
the literature involve utilization of fluorine or silicone chemistry with

nanoparticle (.e. S10;, ZnO, and Ti10.) immobilization on fiber surfaces.
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Depend on the type of mcorporated nanoparticles, multifunctional fabrics
can be realized by one-step process. In order to achieve water repellent
textiles, various fabrication techniques such as solution immersion, plasma
modification, layer by layer assembly, and chemical vapor deposition and
sol-gel methods have been implemented. Some of these non-wet table
textiles have been successfully demonstrated 1in applications like filtration,
oll-water separation and pattern able wetting (Mattsson, 2013).

Fluoriated organic polymers were comprehensively studied in the past
for cotton textiles because of their combined water and o1l repellency
properties. Fluor polymers, particularly with > C-8 fluormated side chains
exhibit very low surface free energy (< 18 dynes/cm).  Although
environmental protection agency (EPA) has restricted wuse of
fluoropolymers/fluorotelomers having fluorinated side chains with C-8 or
longer, many reports are still found in the Iiterature utilizing flu chemicals
with C-8 chemustry. For 1nstance, Tang et al. fabricated oleo
phobic/hydrophobic  cotton woven fabric using hyper branched
polyester/poly-urethane with C-13 fluorinated side chains. As a result of
their treatment, contact angles (CA) of 146°, 122° and 102° for water,
hexadecane and decane were demonstrated, respectivel (Stratakis, 2012).
On the other hand, Yu et al. treated cotton woven fabrics to achieve
hydrophobic textiles by per fluormated silane coupling agent having C-8

fluorinated carbon atoms. A static water contact angle (WCA) of 133° was
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achieved without surface roughness modification. The WCA was increased
to 145° by mcorporating silica nanoparticles, satisfying the Cassie and
Baxter’s non-wetting model for rough hydrophobic surfaces (Xiang and
Liu, 2021). Reported hydrophobic woven cotton fabrics with WCA of 170°
through multistep treatment. Their process included pre-ficionalizations of
fiber surfaces with epoxy, subsequent solution dipping in nanoparticle
suspension for roughness and eventually coating with H., H,, H.,, H-
perfluorodecyltrichlorosilane and satiric acid to render them super
hydrophobic. Despite their excellent water and o1l repellency,
fluoropolymers or heavy fluorosilanes with C-8 chemuistry or higher cause
various environmental concerns (Zahid et al., 2017). They decompose mto
perfluorooctanoic acid (PFOA) or perfluorooctanoic sulfonate (PFOS)
which are persistent and bio-accumulate and likely to be carcinogenic as
indicated by Environmental Protection Agency (EPA). Hence, they were
banned (U.S. EPA 2010/15 PFOA Stewardship Program) and new
generation fluoropolymers or silanes with C-6 or lower fluorinated side
chains that can degrade mto environmentally safe perfluorohexanoic acid
(PFHxA) with rapid bio-elimination rate were developed (Zahid et al.,
2017, De Preux Gallone and Sassi, 2018). Although in terms of water and
oll repellency C-6 fluorinated side chamns perform poorer than C-8
counterparts, proper application, chemical modification and thermal

treatment of coatings with C-6 fluorinated side chams have also been
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successfully used to create water and oil/solvent repellent coatings as well as
fibrous non-woven mats In the meantime; silicone chemistry based fabric
treatments have become more popular due to abovementioned concerns
and the fact that silicone polymers are more flexible and softer than per
fluormated acrylic polymers. For mstance, long chain non fluorinated
alkyls lanes generally exhibit good hydrophobicity. fabricated water
repellent cotton fabrics using dodecyltrimethoxysilane (DTMS) with Si1O.
nanoparticle and ZnO nanorod array mnclusions where WCAs of 153° and
159° were obtamned, respectively (Vitale et al., 2015, Oh, 2011). rendered
different textile substrates (polyester, silk, polyacrylonitrile, wool and
cotton) super hydrophobic by chemical vapor deposition of
polymethylsilsesquioxane (PMSQ) monofilament's and achieved 25° roll
off angle for cotton textiles Gao et al. also prepared highly hydrophobic
treatments for cotton and PET woven fabrics by using silica nanoparticles
(30 to 71 nm) and hexadecyltrimethoxysilane (HDTMS) (Zahid et al.,
2017). A super hydrophobic cotton fabric with WCA 155° was produced
once the average silica nanoparticle size was approximately 50 nm.

A similar treatment using HDTMS and nanoparticles was also applied to
PET achieving a WCA of 143°. They argued that the reduction in
hydrophobicity on PET was due to the smoother surface of PET fibers
compared to cotton over which the hydrophobic alkylsilane was applied

(Zahid et al., 2017, Zahid et al., 2019). In addition, some long chain alkyl

10
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polymer treatments were also implemented to avoid fluorinated coatings.
For mstance, recently. Adopted a sustainable approach to fabricate water
repellent cotton fabrics by gratting long alkyl chans fatty acids onto the
cotton fibers. Water contact angles close to 140° were reported. Although
silicone chemustry 1s preferred over fluorine chemistry for natural textile
finishes, 1t 1s challenging to produce silicone based non-wet table textile
finishes with self-cleaning ability (small water droplets roll-oft with slight
tiling), therefore, we propose that non-toxic C-6 chemistry can be used m
tandem and 1 much less quantities together with the silicone treatments
towards significantly lowering droplet shedding (roll-off) angles and
mcreasing hydrophobic durability (Zahid et al., 2017, Wang et al., 2018).
Hence, 1n this study, we demonstrate that the pretreatment of cotton fibers
with a dilute C-65 fluoropolymer solution considerably enhances the
hydrophobic performance of the main silicone treatment. Furthermore,
mcorporation of S1O: nanoparticles in the C-6 polymer solution helps
decrease water rolls off angles by creating the necessary texture.
Encapsulation of this texture (nanocomposite pretreatment) with the
silicone polymer ensures that under both wear abrasion and washing with
ultrasonic agitation, the nanoparticles are not removed from the fiber
surfaces (Deng, 2018). In recent years, super hydrophobic surfaces have
attracted great attention for their wide applications in water-repellency, self-

cleaning, anti-sticking and anti-fouling Surface wettability 1s governed by

11
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both the chemical composition and the geometric structure. In nature, the
unusual super hydrophobicity of lotus leaves, with static water contact
angles larger than 150°and sliding angles less than 10, is known to originate
from the combination of micro- and nanoscale hierarchical structures and
low surface energy materials on the surface For fabric surfaces, they have
the natural micrometer-scale roughness coming from the fibers themselves
and the woven structure. Inspired by lotus leaves, researchers have aimed
to generate secondary nanoscale structures by ncorporating carbon
nanotubes (Moradi, 2014).

Gold particles, silica nanoparticles, ZnO nanorods, or copper crystallites
onto the micrometer-scale fibers to fabricate hydrophobic fabrics. Among
them, however, contact angle hysteresis (defined as the difference between
the advancing and the receding contact angles) was rarely mentioned, and
some works have considered super hydrophobic fabrics purely on the basis
of the criterton of static contact angle larger than 150°, which 1s not
sufficient to guarantee a low shding angle for self-cleaning behavior.
Electrostatic layer-by-layer (LLbL) assembly 1s a versatile technique based on
alternative adsorption of oppositely charged polyelectrolyte's, morganic
nanoparticles, macromolecules or even supra molecular systems on
charged substrates to builld up multi-layered composite films m a
controlled manner Since the LbL assembly technique 1s independent of

the size and topography of substrates, and uniform multilayer can be

12
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formed on substrates with different spatial structures, charged fibers can be
used. As substrates to conduct the electrostatic assembly Compared with
previously reported methods like dip coating and padding used to generate
nanostructures on fibers, the LbL. assembly technique has the advantage of
being able to tallor the surface morphology of the nanostructures by
controlling the assembly cycles, and also the advantage of good durability
because of the electrostatic mteractions between the negatively charged
silica nanoparticles and thepolycations. that for hydrophobic fabric, its
durability against washing remains agreat challenge; Daoud et al reported
the static contact angle of cotton fabric decreased from 141°to 105eafter 10
wash cycles, also reported the dramatic decrease mn the static contact angle
of super hydrophobic cotton fabric from 155°to about 105 after10 wash
cycles ,were port on the fabrication of super hydrophobic cotton fabrics by
electrostatic assembly of silica nanoparticles and polycations on cotton

fibers and sub-sequent treatment with fluoroalkyl silane.
The two main problems that were found by practical application:

P Unorganized treat for cotton fabric.

» hydrophilic competition

13
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Cotton fabric is an ideal place for settling and growing pathogenic

bacteria because of its porous and hydrophilic structure.

Hydrophilic is also ofimportance especially in some specific applications
like medical usage, human tissue, antifouling .nanoparticles of SiO,
having been developed for super hydrophobic surface on the cotton

fabric.

2.1 Hydrophilic substances

2.1.1 What is Hydrophilic?

Are polar in nature Like dissolves like theory governs the fact that
hydrophilic substances tend to readily dissolve in water or polar solvents
while hydrophobic substances are poorly soluble in water or polar
solvents.We all have seen the example of hydrophilic substances in our
daily lives. Each one of us has seen that sometimes water spread out
evenly on a surface while in certain cases it forms small droplets. It's
because certain surfaces are water-loving or hydrophilic and hence water
spreads out while in the case of poorly hydrophilic substances (or
hydrophobic substances) it forms tiny droplets as these surfaces repel
water (Abbott and Hansen, 2008).

2.1.2 Chemistry behind Hydrophilicity

Hydrophilic molecules or Hydrophilic moieties are basically polar
compounds that have ionic groups. The polar nature of these hydrophilic
molecules enables them to readily absorb water or polar solvent and

14
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eventually getting dissolved in polar solvents like water. Being a polar
protic solvent, water is capable of forming a hydrogen bond (-H—-OH-).
Hydrophilic molecules are polar in nature and easily form a hydrogen
bond with water thereby getting dissolved in water. Notably, these
interactions between the hydrophilic molecule and water are
thermodynamically favored. In general, hydrophilic substances can easily
form hydrogen bonds with polar solvents like water, alcohol (Bourlinos et
al., 2003).The hydrophilicity of any surface varies as per the functional
group and ability for hydrogen bonding: non-polar < polar, no hydrogen
bonding < polar, hydrogen bonding < hydroxylic, ionic. Hydrophilicity 1s
significantly influenced by the number of sites and the structure and
density of the interphase area (Kachwal et al., 2020).

2.1.3 Measurement of Hydrophobicity

Contact angle measurement is a major parameter to quantify the
hydrophobicity of a substance, which is further indicative of wettability.
Hydrophilic substances possess good wettability.

Wettability is the ability of the liquid to remain in contact with the solid
surface. The degree of wettability is measured using a contact angle (Lu
et al., 2016,Deng, 2020 #91).

2.1.4 Applications of Hydrophilic Substances

Hydrophilic polymers and molecules are widely utilized in the field of

physics, chemistry, engineering, biomedical, drug delivery, food,

15
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pharmaceuticals, paint, textiles, paper, constructions, adhesives, coatings,
water treatment, dispersing and suspending agents, stabilizers, thickeners,
gellants, flocculants and coagulants, film-formers, humectants, binders
and lubricants, personal care, building products, detergents, oil field
products, and mineral processing, etc. Hydrophilic polymers exhibit good
water vapor permeability due to ionic groups. Clothing or apparel that is
required to be breathable is made up of hydrophilic fibers. surface of
medical devices to reduce bacterial adhesion onto the surface of the
medical device (Thombare et al., 2016).

2.2 Cotton

Is a soft, fluffy staple fiber that grows in a boll, or protective case,
around the seeds of the cotton plants of the genus Gossypium in the
mallow family Malvaceae. The fiber is almost pure cellulose. Under
natural conditions, the cotton bolls will increase the dispersal of the
seeds. Manually decontaminating cotton before processing at an Indian
spinning mill (2010) the plant is a shrub native to tropical and subtropical
regions around the world, including the Americas, Africa, Egypt and
India. The greatest diversity of wild cotton species is found in Mexico,
followed by Australia and Africa. Cotton was independently domesticated
in the Old and New Worlds. The fiber is most often spun into yarn or
thread and used to make a soft, breathable textile. The use of cotton for

fabric 1s known to date to prehistoric times; fragments of cotton fabric
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dated to the fifth millennium BC have been found in the Indus Valley
Civilization, as well as fabric remnants dated back to 6000 BC in Peru.
Although cultivated since antiquity, it was the invention of the cotton gin
that lowered the cost of production that led to its widespread use, and it is
the most widely used natural fiber cloth in clothing today (Belt and
Cotton).

Current estimates for world production are about 25 million tonnes or 110
million bales annually, accounting for 2.5% of the world's arable land.
India 1s the world's largest producer of cotton. The United States has been
the largest exporter for many years. In the United States, cotton is usually
measured in bales, which measure approximately 0.48 cubic meters (17

cubic feet) and weigh 226.8 kilograms (500 pounds) (Broudy, 1993).

Figure 2-4 Cotton ready for harvest
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2.2.1 What Is Cotton Fabric?

Cotton fabric is one of the most commonly used types of fabrics in the
world. This textile is chemically organic, which means that it does not
contain any synthetic compounds. Cotton fabric is derived from the fibers
surrounding the seeds of cotton plants, which emerge in a round, fluffy
formation once the seeds are mature; Cotton fiber is the purest source of
cellulose and the most significant naturalfiber. The economic significance
of cotton in the global market is evident byits majority share (over 50%)
among fibers for apparel and textile goods. Both the market value and the
quality of cotton products are directly related to fiber quality Competition
with other fibers is affected by innovations and commercialization of
other fibers including micro denier (polyesters and nylons), elastomeric
(spandex), and lyocell fibers, among others. Fundamental understanding
of the fibers (structural formation during development, chemistry,
physics), significant improvement in fiber quality as well as in process
innovation and product differentiation are critical to uphold the interfile
competitiveness of cotton fibers and the share of cotton fibers in the
global apparel and other textile markets.

Part T of this book focuses on the chemical and physical properties of
cotton fibers. The most essential cotton fiber qualities related to
mechanical processing, i.e. traditionally yarn spinning, weaving, and

knitting, are length, strength, fineness and their distributions. The
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ranking importance of these fiber qualities varies with the type of
yarn spinning method, such as ring ,rotor, and air-jet. These fiber
qualities also determine the yarn strength, yarn regularity, handle and
luster of fabrics. For chemical processing such as scouring, dyeing and
finishing, fiber structure related to maturity, or the level of development,
plays a major role. This is largely due to the impact of the no cellulosic
cell wall components and the cellulose in the secondary cell wall on
these chemical processes.(Tausif et al., 2018).The earliest evidence for
the use of cotton fibers in textiles 1s from the Mehrgarh and Rakhigarhi
sites in India, which date to approximately 5000BC.The Indus Valley
Civilization, which spanned the Indian Subcontinent from 3300 to 1300
BC, was able to flourish due to cotton cultivation, which provided the
people of this culture with readily available sources of clothing and other
textiles (ADNAN ALI and IMRAN SARWAR, 2010).While cotton
cultivation was widespread in both Arabia and Iran, this textile plant
didn't make its way to Europe in full force until the late middle Ages.
Before this point, Europeans believed that cotton grew on mysterious
trees in India, and some scholars during this period even suggested that
this textile was a type of wool that was produced by sheep that grew on
trees(Bulliet, 2009,Geczy, 2013 #84). Studying over 200 species of water
repellent plants, Neinhuis and Barthlott found an ideally wonderful

hydrophobic effect on lotus (Nelumbonucifera) leaves which leads to
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supreme self-cleaning properties, so-called lotus effect. The rough
structure of lotus leaves (hills and valleys template) causes a reduced
contact area with water.

2.3  Overview of nanotechnology

Nanotechnology (or "manotech") is the use of matter on an atomic,
molecular, and supramolecular scale for industrial purposes. The earlest,
widespread description of nanotechnology referred to the particular
technological goal of precisely manipulating atoms and molecules for
fabrication of macro scale products, also now referred to as molecular
nanotechnology (dos Santos Ramos et al., 2020, Jayavarthanan et al.,
2017).A more generalized description of nanotechnology was subsequently
established by the National Nanotechnology Imitiative, which defined
nanotechnology as the manipulation of matter with at least one dimension
sized froml to 100 nanometers. This defimtion reflects the fact that
quantum mechanical effects are important at this quantum realm scale, and
so the defimition shifted from a particular technological goal to a research
category inclusive of all types of research and technologies that deal with
the special properties of matter which occur below the given size threshold
(Jayavarthanan et al., 2017). It 1s therefore common to see the plural form
"nanotechnologies" as well as "nanoscale technologies" to refer to the broad
range of research and applications whose common trait 1s size.

Nanotechnology as defined by size 1s naturally broad, including fields of
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science as diverse as surface science, organic chemistry, molecular biology,
semiconductor physics, energy storage engineering micro fabrication and
molecular engmeering. The associated research and applications are
equally diverse, ranging from extensions of conventional device physics to
completely new approaches based upon molecular self-assembly from
developing new materials with dimensions on the nanoscale to direct
control of matter on the atomic scale. Scientists currently debate the future
mmplications of nanotechnology (Jadhav et al., 2021).Nanotechnology may
be able to create many new materials and devices with a vast range of
applications, such as m nanomedicine, nanoelectronics, biomaterials
energy production, and consumer products. On the other hand,
nanotechnology raises many of the same 1ssues as any new technology,
mcluding concerns about the toxicity and environmental impact of
nonmaterial's and their potential effects on global economics, as well as
speculation about various doomsday scenarios (Dhanapal). These
concerns have led to a debate among advocacy groups and governments on
whether special regulation of nanotechnology 1s warranted a nanoparticle
or ultrafine particle 1s usually defined as a particle of matter that 1s between
1 and 100 nanometers (nm) in diameter. The term 1s sometimes used for
larger particles, up to 500 nm or fibers and tubes that are less than 100 nm
i only two directions. At the lowest range, metal particles smaller than 1

nm are usually called atom clusters mstead (Dhanapal).
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Figure (2-1): TEM (a, b, and ¢) images of prepared mesoporous silica
nanoparticles with mean outer diameter: (a) 20nm, (b) 45nm, and (c)
80nm. SEM (d) image corresponding to (b) (Batnyam, 2021, Ghamami
and Ghammamy, 2019).

The 1nsets are a high magnificaion of mesoporous silica particle.
Nanoparticles are usually distinguished from microparticles (1-1000 um),
"fine particles" (sized between 100 and 2500 nm), and "coarse particles"
(ranging from 2500 to 10,000 nm), because their smaller size drives very
different physical or chemical properties, like colloidal properties and
optical or electric properties. Being more subject to the Brownian motion,
they usually do not sediment like colloidal particles that conversely are
usually understood to range from 1 to 1000 nm. Being much smaller than
the wavelengths of visible light (400-700 nm), nanoparticles cannot be seen
with ordinary optical microscopes, requiring the use of electron

microscopes. For the same reason dispersions of nanoparticles 1n
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transparent media can be transparent whereas suspensions of larger
particles usually scatter some or all wvisible lLight mcident on them.
Nanoparticles also easily pass through common filters, such as common
ceramic candles, so that separation from liquids requires special
nanofiltration techniques (Gir1 et al., Krebs et al., 2008).

The properties of nanoparticles often differ markedly from those of larger
particles of the same substance. Since the typical diameter of an atom 1s
between 0.15 and 0.6 nm, a large fraction of the nanoparticle's material lies
within a few atomic diameters from its surface. Therefore, the properties of
that surface layer may dominate over those of the bulk materal. This effect
1s particularly strong for nanoparticles dispersed m a medium of different
composition since the interactions between the two materials at their

mterface also become significant (Preining, 1998).

Figure (2-2): Idealized model of a crystaline nanoparticle of platinum,
about 2 nm 1n diameter, showing individual atoms (Alayoglu et al., 2009).

Nanoparticles occur widely in nature and are objects of study in many
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sciences such as chemuistry, physics, geology and biology. Being at the
transition between bulk materials and atomic or molecular structures, they
often exhibit phenomena that are not observed at either scale. They are an
mmportant component of atmospheric pollution, and key ingredients in
many industrialized products such as paints, plastics, metals, ceramics, and
magneticarticles. The production of nanoparticles with specific properties
1s an important branch of nanotechnology (t Amount Percent and Over).

In general, the small size of nanoparticles leads to a lower concentration of
point defects compared to their bulk counterparts, but they do support a
variety of dislocations that can be visualized using high resolution electron
microscopes. However, nanoparticles exhibit different dislocation
mechanics, which, together with their unique surface structures, results in
mechanical properties that are different from the bulk material (Wasisto et
al., 2019).Anisotropy 1 a nanoparticle leads to a lot of changes in the
properties of the nanoparticles. Non-spherical nanoparticles of gold, silver,
and platinum due to their fascinating optical properties are finding diverse
applications and are of great interest in the field of research. Non-spherical
geometries of nanoprisms give rise to high effective cross-sections and
deeper colors of the colloidal solutions. The possibility of shifting the
resonance wavelengths by tuning the particle geometry 1s very interesting
for using these nanoparticles i the fields of molecular labeling, for

bimolecular assays, trace metal detection, and nontechnical applications.
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Anisotropic nanoparticles display a specific absorption behavior and
stochastic particle orientation under unpolarized light, showing a distinct
resonance mode for each excitable axis. This property can be explained
based on the fact that on a daily basis there are new developments being
made 1 the field of synthesis of these nanoparticles for preparing them
high yield (Pearce et al., 2021, Eustis, 2006).
2.3.1 Class Nanotechnology
There are three main classes or types of tentionally produced
nanomaterials:

. Carbon-based

. Metal-based

. And nanocomposites

- Carbon based non materials are intentionally produced fullerenes.
These include carbon nanotubes and buck balls.
Whereas buck balls are spherical in shape, a nanotube 1s cylindrical, with
at least one end typically capped with a hemisphere of the buck ball
structure. Their name 1s derived from their size, since the diameter of a
nanotube 1s on the order of a few nanometers (approximately 50,000 times
smaller than the width of a human hair), while they can be up to several
centimeters 1n length (Berg, 2010).
-There are two main types of nanotubes:

. Single-walled nanotubes (SWNT's)
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. And multg-walled nanotubes MWNTs).

Figure (2-3): Rotating single walled zigzag carbon nanotube (Hussain and
Naeem, 2019, Hussain et al., 2019).

2.3.1.1 Synthesis of Carbon nanotubes

Techniques have been developed to produce carbon nanotubes in sizable
quantities including

1- Arc discharge

2-Laser ablation

3-High-pressure carbon monoxide disproportionate

4- Chemical vapor deposition (CVD)

2.3.2 Structure Nanotechnology

Nanotechnology refers to manipulating the structure of matter on a length
scale of some small number of nanometers, mterpreted by different people
at different times as meaning anything from 0.1 nm (controlling the
arrangement of mdividual atoms) to 100 nm or more (anything smaller

than micro technology) (El-Diasty and Regab, 2013).
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2.3.3 Advantages of Nanotechnology

Nanotechnology 1s the study of controlling matter on a nuclear, atomic and
supramolecular scale. Such fields include organic chemistry, micro
fabrication, molecular biology, atomic science, surface science, and
semiconductor material science (Roco et al., 2000).

2.3.4 Applications of nanotechnology

A large amount of research 1s being devoted to the development of nano
composites of different types for various applications, mcluding structural
materials, high performance coatings, catalysts, electronics, photonics and
biomedical systems. In commercial products, although most applications
are Iimited to the bulk use of passive nano materials (Abdin et al., 2013).
Examples include titantum dioxide and i sunscreen, cosmetics and some
food products; silver nanoparticles 1n  food packagng, clothing,
disinfectants and household appliances such as Silver nanocarbon
nanotubes for stam-resistant textiles; and cerum oxide as a fuel catalyst.
The Project on Emerging Nanotechnologies estimated that over 1300
manufacturer 1dentified nanotech products are publicly available, with new
ones hitting the market at a pace of 3-4 per week.

2.3.5 Fabrication of nanotechnology

There are four main types of intentionally produced non materials:

The two basic approaches to making nanostructures mvolve either:

* top-down approach whereby an existing solid is gradually reduced
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In size using some external radiation and/or chemical methods.

*And a bottom-up approach whereby the nanostructure is built atom by

atom from scratch.
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CHAPTER 3
MATERIALS AND METHODS

3.1. Materials

3.1.1 Cotton Fabrics

Plain woven and bleached 100% cotton fabric with 135 + 5 g/m” mass
density and having 56/cm warp and 40/cm weft threads was purchased
from a local market

3.1.2 Silica

Silicon dioxide, also known as silica, is an oxide of silicon with the
chemical formula SiO,, most commonly found in nature as quartz and in
various living organisms. In many parts of the world, silica is the major
constituent of sand. Silica is one of the most complex and most abundant
families of materials, existing as a compound of several minerals and as a
synthetic product. Notable examples include fused quartz, fumed silica,
silica gel, and aero gels. It is used in structural materials, microelectronics
(as an electrical insulator) and as components in the food and
pharmaceutical industries.(Boussaa et al., 2016, Naveen et al., 2018)

P Safety Data Sheet for Silicon dioxide 113126.(Das et al., 2019)
-Material Safety Data Sheet or SDS for Silicon dioxide 113126 from -
Merck for download or viewing in the browser.

-Catalog Number 113126.

-Product Name Silicon dioxide.
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Chemical formula

SiO,

Density

Boiling point

2.648( a quartz),2.196 (amorphous)
g cm—

2,950 ° C (5,340 ° F; 3,220 K)

Table (3-1) Properties of Silicon dioxide (Naveen et al., 2018).

Figure 3-2: Silica
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3.1.3 Poly Vinyl Alcohol

(PVA) synthetic polymer, It is used in papermaking, coating, textile warp

sizing as a thickener and emulsion stabilizer in PVA.

» Chemical Product

MSDS Name: Polyvinyl alcohol, 75 - 100% hydrolyzed, M.W. 89.000 —

95000.

P Appearance: powder

3.1.4 Polyethylene Glycol/400
PEG is a polyether compound derived from petroleum with many

applications, from industrial manufacturing to medicine (Bismark et al.,

2018).
Name Chemical Density Molar mass | Melting
formula Point
PVvA C,H,0 1.19-131 |44.05g/mol |392 F', 200
g/em’ c’
PEG ConHuns20ns1 | 1.125 g/em’® | 44.05n  +[395  F 200
18.02 g/mol | C’

Table 3-2 Properties of PVA and PEG (Bismark et al., 2018).
3.1.5 Ethanol (C;Hs;OH)
Ethanol (also called ethyl alcohol).
It is a simple alcohol with the chemical formula C,HgO. (An ethyl group
linked to a hydroxyl group), and is often abbreviated as EtOH. Ethanol is
a volatile, flammable, colorless liquid with a slight characteristic odor

(Nemec et al., 2017).
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Molar mass (g/mol) Density (g * cm—)

46.07 0.789

Table 3-3 Properties of Ethanol (Li et al., 2005).

3.1.6 Ammonium hydroxide (NH,OH)

Ammonia solution, also known as ammonia water ammonium hydroxide
ammoniac liquor, ammonia liquor, aqua ammonia, aqueous ammonia, or
(inaccurately) ammonia, 1s a solution of ammonia in water, is used to
redacting agent . It can be denoted by the symbols NH; (aq). Although the
name ammonium hydroxide suggests an alkali with composition
[NH4+][OH-], it is actually impossible to isolate samples of NH,OH

(Fernelius, 2009).

Molar mass (g/mol) Density (g * cm—)

35.05 0.91

Table 3-4 Properties of ammonium hydroxide
3.1.7 Distilled water
Distilled water is water that has been boiled into vapor and condensed
back into liquid in a separate container. Impurities in the original water
that do not boil below or near the boiling point of water remain in the
original container. Thus, distilled water is a type of purified water

(https :).
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3.2. Method

3.2.1. Preparation of silica nanoparticles

The spherical silica nanoparticles were prepared by using boll mill
machine.

Speed r.p.m for 3h and granule grinding

Resulting in powder spherical silica and tow scale mesh (150 nm and

300nm).

Figure 3-2: boll mill machine

3.2.2. Preparation of PVA Solutions

Immersion (10.25g) PVA in (300ml) water and heating at 150 °C
for 20 min under stirring depends on the grade of PVA used.
Note: dissolution of PVA on water must be 95 % to avoid the water

evaporation at 200 ¢’
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Figure 3-3: Heating Process

3.2.3 Solution Preparation

Solutions of silica nanoparticles were prepared firstly a mixture of 57 g
Si0, counting 63 ml PVA/PEG are mixing and 170.8ml ethanol was
prepared, then it was mixed with another mixture of 70 ml distilled water
170.8 ml ethanol, NH,OH was used as a catalyst to control the particle
size (1able 3-5). The mixtures were stirred continually using magnetic
stirrer at room temperature 30 °C for 1 h.

Speed of magnetic stirrer 3507 r.p.m.

Figure0-4: Magnetic stirrer
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Sample | H,O(ml) [ SiO,(g) | NH;OH(ml) | E¢OH(ml) | PVA/PEG(ml)

Sol; 70 57 10]170.8 63

150nm

Sol, 70 57 15 170.8 63

300nm

Table 3-5 Components and compositions for preparing silica
nanoparticles.

3.2.4. Preparation of super hydrophobic cotton fabrics
-The cotton fabrics were immersed in a solution of silica nanoparticles at
30°C for 5 min while stirring.
-The wet fabrics were squeezed using a pressure, resulting in
A wet-pick-up of 70%.
-The fabrics were then dried at 80°C for 3 min and cured at 160°C for 3
min with a preheated 50°C for 30 min to immobilize silica nano-particles
on the cotton fabric.
-A laboratory Cleaning (DL-2002, Daelim Engineering, Korea) was used
to remove the residual silica particles not immobilized on the fabric.
-A standard laundering condition 2 g of detergents in 400 ml of distilled
water while stirring at 40°C for 30 min was applied (ISO 105-A01).
-For the impartment of hydrophobic property to the hydrophilic cotton
fabrics previously applied with silica nanoparticles they were immersed
in an aqueous solution at the WR agent concentration of 0.1-1.0 wt. % at
30°C For 5 min while stirring and then squeezed.
-Subsequently the fabrics were dried and cured simultaneously at180°C

for 3 h.
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(Bl) (B2)

Figure 3-5: Cotton fabrics were immersed in a solution of silica
nanoparticles
3.2.5 Drying process and curing
After compositing process, the samples were put into the refrigerator with
-180°C for 3 h for drying. (Figure 3-7) shows the method of drying
process.

Note: coating process the fabric was done three times

Figure 3-6: Drying process and curing
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(B1) (B2)

Figure 3-7: Fabric after treatment sample
3.3 Characterization
All characteristic was determined according to Standard ISO 7198:
1998[78]. The results were evaluated and analyzed all tests were done ten
times and the average of each test were obtained.Samples were prepared
of 50*50 cm, and then the weight gram per meter square.
3.3.1 Flame test
When it comes staying ahead in style, fabrics definitely play a significant
role. With different kinds of fabrics, including cotton, linen, rayon and
georgette, it becomes primarily necessary to understand and identify one
fabric from the other, especially if you want to make your presence in the
occasion a lasting one. In fact, not just for the end consumers,
identification of fabrics is equally important for quilters, who need to sew
with only 100% cotton fabrics (Hargrave, 1997, McKelvey and Wickell,

2002).

37



M.Sc. thesis

3.3.2 H,SO, test

A correlation of the degradation of cellulose in aqueous alkali solution
was established with its so-called “amorphous” content. To achieve this
end, cellulose was regenerated under different preparative conditions
from its cup ammonium solution and cotton linter was acid-hydrolyzed
into a fibrous form and the pulp was physically milled to

powder.(Pielichowska and Blazewicz, 2010)

3.3.3 PVA/PEG Content

The PVA/PEG content of each sample calculated from equation (3-1)

PVA/PEG content (%)

weight of the composite samples—weight of Pure fabric
— weight of P P ght of Pure fabric ¥ 400 ... (0-1)

weight of the composite sample

3.3.4FourierTransformiInfrared(FTIR)

Spectroscopy Infrared spectra of samples were obtained with FTIR
spectrometer (FTIR- 8400s). All spectra were recorded in the range from
4000 to 400 cm” with 4 cm-' resolution, accumulating 128 scans. To
ensure the reproducibility of obtained spectra three samples of each type
were measured. FTIR mode was preferred since it allows the chemical
analysis of the surface enabling a better characterization of the different
coatings employed. [68] In FTIR spectrometer the calculated penetration

depth of FTIR into the sample varies between ~0.55 um at 4000 cm™ and
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~3.30 pm at 400 cm-'

3.3.5 Water contact angles

Static water contact angle (WCA) and water shedding angle (WSA) or
droplet angle were measured with a contact angle instrument (OCAH-200
Data Physics, Germany).

Contact angle refers to a method of calculating surface free energy by
evaluating the interface of a liquid and a solid surface.

A contact angle (also referred to as a wetting angle) is formed when a
drop of liquid is placed on a material surface and the drop forms a dome
shape on the surface. The angle formed between the surface and the line
tangent to the edge of the drop of the water is called the contact angle

(Subedi, 2011).

Y1 0

Ys Y.s' 1

Figure 3-8: contact angle
Figure 3-8: contact angle in the illustration above. As the drop of water
spreads across a surface and the dome becomes flatter, the contact angle
becomes smaller. If the drop of water beads up on the surface (as you
might see on a water resistant article of clothing or a waxed car) the dome

becomes taller and the angle becomes larger (Holmes, 2000).
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3.3.5.1 Contact Angle Measurement:

When the angle the drop makes with surface is measured, the resulting
angle indicates whether the drop of water is more attracted to itself or to
the surface it is on. Unseen forces on the surface of the material are acting

on the water drop as soon as contact is made (Spori, 2010).

: 79°
30
Low Contact Angle High Contact Angle
High Surface Energy Low Surface Energy

Figure 3-9: surface energy in contact angle (Kozbial et al., 2014).
Figure 3-10: if these forces are strong, their pull on the water drop will
cause the drop to “wet out” or spread further over the surface. If the
forces are not stronger than the attractive forces the drop has for itself,
then the drop will constrict into a shape as close to a sphere as it can
(Reece, 2008). These two forces are working in tandem on the drop
creating an angle that can be measured.

In many manufacturing and assembly processes a liquid or a melted
material needs to spread out adequately on a surface. A coating needs to
flow into small crevices and thoroughly cover the surface of circuit

boards.
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3.3.5 Resistance to water absorption

-Waterproof properties of the treated fabrics were quantified by
measuring hydrostatic due to water rise over the fabrics.

-The hydrostatic head supported by a fabric is a measure of the resistance
to the passage of water through the fabric.

-The impregnation specimen in water for 30 min.

- Three specimens from each sample material were measured.

-a fabric sample with 20%20 cm2 dimension.

3.3.6 Tensile strength

-For mechanical characterization (stress-strain curves), an Instron (3365
Instron, USA) instrument was used. Tree specimens from each material
were measured.

-A dog bone shaped sample of 30 mm length along the axis of warp
threads and 5 mm width was cut by a mechanical cutter.

-Samples were mounted in pneumatic clamps and a constant rate of

extension 5 mm/min was used for each measurement at room conditions.

41



M.Sc. thesis

CHAPTER 4

RESULTS AND DISCUSSION

4.1 Experimental analysis

4.1.1 Effect of flame for fabric

o Flame: Burning Quickly, orange/yellow flame

o Odor: paper burning like odor

o Residue: Light and feathery gray ash, ash is black if mercerized

« Approaching Flame: Does not shrink away, Scorches, ignites
quickly

« Removed From Flame: Continues to burn rapidly has afterglow

« After burning it’s converting into ashes gray or black powder

Figure 5-1 Flam test of cotton
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4.1.2 Effect H,SO, Solubility Test

Cotton is a robust fiber and alkalis have no to little effect on cotton but
yes cotton is soluble in Sulphuric acid with 70% solution at room
temperature.

4.1.3 Concentration contain

Concentration of a substance (Solutions of silica nanoparticles) in a
quantity solute present in given quantity of solution.

Measurement of concentration using Presley device.

Figure 5-2 Presley device

Solution B;:
Concentration=18.5%
Sediment =1.136033
Solution B,:
Concentration=15%

Sediment =1.35033

43



M.Sc. thesis

4.1.3 PVA/PEG Content =
(84-56)/84=33%
4.1.4 Characterization of the synthesized silica nanoparticles using

FTIR.

(b)
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(c)

Figure 5-3: Fourier Transform Infrared (FTIR) (a) stander of cotton fabric

coated with SiO,, (b) and (c) cotton fabrics coated with (PEG and PVA
/S10,) nanoparticles.
FTIR analysis also gives a set of peak values unique for the sample along
with information of the plant peptides that are present in the sample as the
plant extract acts as a reducing agent figure 5-3. FTIR analysis is used to
confirm the presence of plant peptides visible due to the bending
produced by amide bonds.fabrics treated with silicone on the top of the
nanocomposite treatment, there exists a linear decreasing trend in the
ratio obtained by dividing signal area (under the curve) of the O-H
stretching peak at 3452 cm-'.The decrease in this ratio can directly
increase in hydrophobicity of the treatments and also allows optimizing

the required nanoparticle concentration for droplet.

45



M.Sc. thesis

4.1.5 Wettability

Cellulosic materials are well known for their super wettability. Hence
untreated natural cotton fibers can take up water many times of their own
dry weight. This extreme wettability comes from high surface area of
cotton fibers which are made up of hydrophilic cellulosic polymer.
Therefore, it was not possible to measure WCA on pristine cotton fabric.
Wettability is the amount to which a liquid can spread on a surface
determined by the intermolecular forces between the surface and the
liquid.

A specimen is subjected to a steadily increasing pressure of water on one
face, under standard conditions, until penetration occurs in three places.
The water pressure may be applied from below or from above the test

specimen. The hydrostatic head supported by a fabric is a measure of the
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(b)

Figure 5-3: (a) and (b) contact angle of treated and un treated fabric

This measurement allows us to understand the relationship between the
liquid drop and the surface. -Young's equation mathematically expresses
the relationship between the surface energy of the solid surface (Y'), the
surface tension (which is a term for surface energy of liquid phase

substances) of the liquid (Y)) and the surface energy of the interface

(Yq).

Young's Equation: Y= Y+ YjcosO ...l (1)
Yg=Fa/2Lgi..ovnnnnn.... (2)

Y=F1/2L e, (3)
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Sample Y'g(N/m) Y'(N/m) cos 0
B1 8.232 9.770 120 10.76
B2 8.244 9.860 115 4.07
Table 4-1 cotton fabrics treated with the rater replant agent
Sample Y'(N/m) Y'}(N/m) cos Y's(N/m)
B1 8.33 9.770 150 -.13
B2 8.526 9.59 155 -.17

Table 4-2 cotton fabrics treated with both silica nanoparticles and the
water replant agent
Silica nanocomposites treatment also produced similar problems against
contact with large water droplets Such hydrophobicity performance
indicators (i.e., wetting by larger volume water droplets >10 p L) are not
common in the literature but are important for the real performance

(Ware et al., 2018).

Based on these observations the bilayer method (polymer nanocomposite
as the base layer and silicone as the outer) was used to ensure that the
fabrics are not wet when in contact with larger water droplets rather than
small static droplets.Most reported hydrophobic textiles demonstrate low
droplet angles (< 10°) when large droplet volumes of more than 40 p L

are used (Zahid et al., 2017).
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4.1.6 Resistance to water absorption

For theoretical estimation of needed for absorption of water into
waterproof porous structure Table (4-3)

AW, |W, w B, (W, (W, W |B, (W, W, (W
1 |75 |86 11 1 79.6 | 84 44 |1 82.3 |84.8(2.5
2 (74385 10.7 |2 81.9(83 1.1 |3 79 84 |5
3 [75.9]85 9.1 3 81.4|83 1.6 |3 81 84.7 3.7

Table 4-3 compared the water absorption of the treatment and

treatment fabric.

To verify above theoretical values hydrostatic head experiments were

performed for all treated samples including B, and B, (7able 4-3).

Untreated fabric (A) being highly hydrophilic did not impregnate any

water allowing continuous.

4.1.7 Mechanical Characteristics

Mechanical strength and flexibility of textile fabrics are prime parameters

for quality and hence it is important to achieve water repellency without

altering the fabric’s mechanical characteristics to a significant extent.

For longitudinal direction the sample was held on device as shown in

Figure 5-3, with the following setting:

Sample Dimension 30*5cm, Length between clamps and the results were

average of 3 times testing
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Figure 5-4: fabric tensile strength testing method

In this study typical stress-strain were obtained from calculations
equation (1) (2) Young’s Modulus equation (3) from all treated fabrics By,

B, and untreated A (see supporting information Figure and table belows)

Sample | F,.x Sample | F .« Sample | F .

a b, b,

S 27.52 | S; 50.62 |S; 36.80
S, 2417 |S, 43.34 | S, 32.49
S; 29.50 |S; 4455 |S; 30.65

Mean |27.06 [Mean |46.17 |Mean |33.1
Stdev |2.69 Stde v | 3.90 Stde v | 3.15

Table 4-4 compared the F . of the treatment and untreatment fabric
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Figure 5-5 Mechanical characterization: Representative maximum force

of an untreated and (B, B,) treated (A) samples and percent elongation at

break.
Stress=F/A
Strain= (L;-Ly)/11............... (2)

Young’s Modulus=stress/strain
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Sample Stress(N/m’) Strain Young’s
Modulus(Mpa)

A 180.4 26.7 6.74

B, 307.4 46.7 6.58

B, 220.6 40 5.52

Table 4-5 stress-strain of these fabrics and Young’s modulus

The stress-strain of these fabrics extends up to 25% strain. This could be
mainly attributed to the very low dry pick up weight (1%) of the
PVA/PEG treatment. As mentioned earlier this was intentional in order to
maintain a minimum amount of (PVA/ PEG) chemistry.

Best hydrophobic performance it suffices to argue that as a result of this
treatment no significant deterioration or loss in the mechanical
characteristics (Young’s modulus and maximum elongation at break) of

the original fabric occurs.
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CHAPTERS5
CONCLUSION AND PROSPECTS
5.1 Conclusion

Synthesized silica nanoparticles via the sol—gel process and prepared
hydrophobic cotton fabrics by the combined applications of the silica
nanoparticle and a cost effective WR agent. The synthesized silica
particles were characterized to have average diameters of 150 and 300
nm, depending on the concentration of NH4,OH catalyst. For the cotton
fabrics treated with silica nanoparticles of average diameter 300 nm,
water contact angles above 105°could be easily obtained even with a very
low WR agent concentration of 0.1wt% at which no hydrophobicity was
exhibited for the neat cotton fabric treated with the WR agent only.
Overall, it 1s considered that the combined treatment of silica
nanoparticles and cost-effective WR agent can be a practical process to
obtain cotton fabrics with super hydrophobicity.

5.2 Scope for Future Work

-The ease of application technique industrial scale availability of the low-
cost polymers and the non-toxic ingredients would allow this fabric
treatment to be implemented in large scale textile treatment facilities.
-Moreover developed fabrics can be further tested in applications such as

filtering, oil-water separation and as special bags for organic oil spills
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cleaning.

- Use freezing dryer in drying process.

-Apply the different treatments was performed by Scanning
Electron Microscopy (SEM) in order to evaluate the chemical

characterization .
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