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Abstract

In this study, polymer blends thin films and polymer blends nano
composites, of poly vinyl alcohol, gelatin and copper oxide nanoparticles
were prepared in different ratios using casting method. Some of these thin

films (polymer blends and polymer blend nanocomposites) were exposed
to an irradiation dose of 5KGy of ¥ rays. The irradiated thin films were

studied using different techniques such as: FTIR, UV-VIS., XRD,
SEM...etc. FTIR results showed no significant difference between
unirradiated and irradiated thin films, but swelling degree results showed
a significant difference upon irradiation. It is clear that the maximum
values of, swelling degree percentages of the studied unirradiated
nanocomposite film ratios appeared after 2hr of dipping in de-ionized
water. The maximum percentage swelling degree of unirradiated
nanocomposite film percentag (PVA/Gelatin/CuQq 19, 0.19) reached 522%
after two hours, while it is 220% for irradiated films. SEM images of
polymer nanocomposite films of (PVA/Gelatin/CuO) showed that the
surface was smooth, continuous and is homogeneous, also, CuO

nanoparticles were distributed in the surface of polymer matrix.

XRD showed that the shifts of the characteristic peak in patterns of
nanocomposite films of (PVA/Gelatin/CuQ) to 26 values indicate that
there is an increase in the interlayer spacing polymer, which is consistent

with the presence of the polymeric species in the matrix.

The adsorption behavior of eosin yellow (EY) from aqueous solution
onto various ratios of PVA/Gelatin/CuO film in batch technique was
studied. The effect of pH, dosage of adsorbent, contact time, and the
initial concentration of dye at room temperature were investigated. The

maximum amount of dye removal found about 90% at pH 4, the



adsorption dose 0.2mg/L, with an initial dye concentration of 5 mg/L, at

25°C, with 60 min contact time.
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Abbreviations

PB polymer blend

NPs Nanoparticles

Tg glass transition temperature

DSC differential scanning calorimetry

FTIR Fourier Transform Infrared

UV-vis Ultra — violet — Visible Spectrophotometer
XRD X-ray Diffraction Analysis

TEM Transmission electron microscopy

SEM Scanning Electron Microscopy

SAED Selected area electron diffraction

PyOx Pyranose oxidase

GCE Glassy carbon electrode

PVA Poly vinyl alcohol

PL Photoluminescence spectra

SERS The surface-enhanced Raman scattering
KGy Kilogray

JAERI Japanese Atomic Energy Research Institute
PhACs Pharmaceutically-active compounds

MBR Membrane bioreactors



SQUID superconducting quantum interference device
DMFC Direct-methanol fuel cells
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Chapter One
Introduction

1.1. Nanotechnology:

Nanoparticles are defined as a small object that behaves as a whole
unit in terms of its transport and properties. It is further classified
according to size in terms of diameter, fine particles cover a range
between 100 and 2500 nanometers, while ultrafine particles, on the other
hand, are of 1 and 100 nanometers. Similar to ultrafine particles,

Nanoparticles are sized between 1 and 100 nanometers.

Nanoparticles may or may not exhibit size related properties that

differ significantly from those observed in fine particles or bulk materials
@

Nanoparticles research is currently an area of intense scientific
interest due to a wide variety of potential applications in biomedical,

optical and electronic fields.

1.2. Natural polymers:

The simplest definition of a polymer is something made of many
units. The units or “monomers” are small molecules that usually contain
ten or less atoms in a row. Carbon and hydrogen are the most common
atoms in monomers, but oxygen, nitrogen, chlorine, fluorine, silicon and
sulfur may also be present. Think of a polymer as a chain in which the
monomers are linked (polymerized) together to make a chain with at least
1000 atoms in a row. It is this feature of large size that gives polymers
their special properties. Polymerization can be demonstrated by linking
countless strips of construction paper together to make paper garlands or
hooking together hundreds of paper clips or gum wrappers together to

form extended chains. ®



Wide ranges of naturally occurring polymers derived from

renewable resources are available for various materials applications © .

Some of them, such as starch, cellulose and rubber are actively used
in products today, while many others remain underutilized. Natural
polymers can sometimes be classified according to their physical
character. For example, starch and cellulose are classified into different
groups, but they are both polysaccharides according to chemical
classification. Nature can provide an impressive array of polymers that
have the potential to be used in fibers, adhesives, coating, gels, foams,

films, thermoplastics and thermo set resins.

Since the majority of natural polymers are water soluble, water has
been used as a solvent, dispersion medium and plasticizer in the

processing of many natural polymers blends ©.

1.3. Polymer Blends:

Polymer blend (PB) is mixture of at least two polymers or
copolymers. Polymer blends are physical mixtures of two or more

polymers with/without any chemical bonding between them. ©

Mixing of two or more polymers together to produce blends or
alloys is a well-established strategy for achieving a specified physical and
chemical properties, without the need to synthesis specialized polymer
systems . The subject is vast and has been the focus of much work, both
theoretical and experimental. The manner in which two (or more)
polymers are blended is of vital importance in controlling the properties
of blends. Moreover, it is becoming apparent that processing can provide
a wide range of blend microstructures. From an industrial point of view,
polymer blends fill deficiency in price/performance of existing

homopolymers with a relatively minor capital investment ®. A shorter



period of time and effort are required to develop a new product via
blending existing materials in comparison with that needed to develop a
new polymer. Furthermore, an annual growth rate of around 10% till

1996 has been forecasted for thermoplastic polymer blends.

Recent research and development of polymer material has been
directed to blending different polymers to obtain new products having
some of the desired properties of each component. Moreover, blending of
different existing polymers is of considerable importance as an alternative
to graft copolymerization and the very costly development of new
homopolymers. There are different reasons for blending two or more
polymers together: Firstly, is to improve the polymer process ability.
Secondly, is to enhance the physical and mechanical properties of blends
making them more desirable than individual polymers. Thirdly, is to
meeting the current growing interest in the plastic recycling process
where blending technology may be the means of deriving desirable

properties from recycled polymers.

The miscibility of polymer- polymer pairs is usually characterized
by investigating optical, morphological, glass transition temperature and
crystalline melting behavior of the mixture. It is; however, appropriate to
mention that a blend of two amorphous polymers with different refractive
index of the blend is uniform in all directions. Thus, the sample appears
transparent to the incident beam or has domain sizes, which are much
smaller than the wavelength of light © . An immiscible blend can
appear transparent to the light when refractive indices of two polymers
are sufficiently close or when blending produces a two-layered film.
Miscible blends of an amorphous with a semi-crystalline polymer or two

semi-crystalline polymers are transparent when they are quenched. Their



crystalline versions are usually opaque if the refractive indices of

amorphous and crystalline regions are different.

The glass transition temperature, (Tg) that marks the characteristic
transition of the amorphous region of a polymer or blend from a glassy
state to a rubbery state is the most convenient and popular way of
investigating the miscibility or immiscibility between two polymers. In a
semi-crystalline polymer or a blend, (Tg) is only associated with the
amorphous region which is in turn is affected by the presence of
crystallinity. The (Tg) is normal by differential scanning calorimetry
(DSC), by dynamic mechanical and electrical relaxation methods or other
miscellaneous methods Y. The use of Tg for studying blend
immiscibility has its own limitations. For example, if both components
have the same or very close Tg(S) or when a small quantity of one
polymer is present in the mixture some difficulties may be experienced in
resolving the Tg(S) by the above techniques. Furthermore, (Tg) is
associated with a domain size of at least 100A°. Phase separated domains

below this value cannot easily be detected by (Tg) measurements *2.

1.3.1. Types of polymer Blends:
1.3.1.1. Miscible (Compatible) polymer Blends:

Mixture of two homologous polymers (usually a mixture of narrow

molecular weight distribution fractions of the same polymer) 2.

A Dblend, which consists of two, totally, miscible polymers, can
usually be characterized by a single glass transition temperature (Tg) and
homogeneous microstructures with phase size down to 5-10 nm as we
mentioned before . Favorable physical and mechanical properties can

be derived from the blend of two polymers, which are miscible with one



another. The properties of the blend are usually between those of its

constituents, with a few exceptions.

An important and determinant aspect of the properties of a blend is
the miscibility of its components. Flory,( 1970)* predicted that the
driving force for miscibility is provided by specific interactions between
polymeric components, which usually give rise to a negative free energy
of mixing in spite of the high molecular weight of polymers. If the
specific interactions are strong enough in polymer blends, they would be
miscible and possessed special mechanical properties. Polymer blends are
a mixture of at least two polymers or copolymers. From an academic
point of view, the science associated with polymer blends is a truly
multidisciplinary one which spreads over several topics such as
chemistry, physics, thermodynamics, interface science, rheology,
morphology, and processing. Utracki,( 1990)“® illustrated that the term
“compatible” will be used to describe mechanically process able blends,
which resist gross phase segregation and / or give desirable properties. A
compatible blend may consist of two or more phases. The term
“miscible” is also used to describe those blends, which are homogeneous
at a molecular level. The compatibility will be also taken to mean the
ability of two or more substances to mix with each other to form a
homogenous composition with useful properties. This is the sense in
which the term is used in the production of plastic materials, and

constrains with its use in applications of plastic "

1.3.1.2. Immiscible (Incompatible) polymer Blends:

The two components are not mutually soluble and two phases are
present, will be opaque, no matter in what ratio they have been mixed.
Each containing molecules of only one component usually, the major

component is a continuous phase, while the minor component is



dispersed as dominos, sometimes large in size. There are two (Tg)s, each
characteristic of one component. Such blends normally exhibit relatively
poor physical properties, because of poor adhesion between the two
phases. Although the immiscibility promotes the desired segregation of
phases, it is also responsible for high interfacial tension and poor
adhesion between phases. This prevents the achievement of a fine
dispersion and promotes a gross segregation during latter processing. The
lack of interfacial adhesion is also a barrier to efficient transfer of stress
between the phases and explains the disappointing mechanical behavior
observed. These problems could be alleviated by the addition of an
interfacial agent, just as detergents promote the mixing of oil and water in
the colloid filed. This emulsification concept has already been extended
to immiscible polymer blends and, of course, block and graft copolymers

are quite suitable as potential surface active species ‘%19

1.3.1.3. Partially Miscible polymer Blends:

Blends those are homogenous at some temperatures and phase
separate in other accessible temperature regions are referred to as
partially or nearly miscible blends. That is, a part of each component
dissolves in the other. Although there are two (Tgs) for each composition,
one is slightly higher and the other slightly lower than those of the
components. The dimensions of the dispersed phase depend on the
adhesion between phases, the melt viscosity of the phases (related partly
to molecular weight), and mixing shear. Many blends that have
commercial utility and are said to have “good compatibility” are usually

only partially miscible. @

1.4. Polymer Nanocomposite:

In the last years significant interest has been devoted to the study of

nanocomposite materials obtained through the addition of inorganic
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fillers with at least one dimension in the scale of nanometer to a
polymeric matrix. Indeed, such materials showed important
improvements in their properties with just few percent of loading, to be
compared with classic composites, where filler content well above 30%

are needed to obtain interesting results in properties enhancement 2.

Such improvements concern, among the others, the mechanical
behavior, the flame resistance as well as the mass transport properties ,
and make these materials are very attractive for applications in many
different fields. Nanocomposites are composites in which at least one of
the phases shows dimensions in the nanometer range (1 nm = 10° m).
They are reported to be the materials of 21% century in the view of
possessing design uniqueness and property combinations that are not

found in conventional composites .

1.5. Gelatin Nanocomposite:

One of the main disadvantages of biodegradable polymers obtained
from renewable sources is their dominant hydrophilic character and fast
degradation rate. In principle, the properties of natural polymers can be
significantly improved by blending with synthetic polymers. Gelatin is an
amphoteric protein with iso-ionic point between 5 and 9 depending on

raw material and method of manufacture @,

Gelatin is a protein derived by a mild partial hydrolysis at relatively
low temperature from a protein, collagen. In an aqueous solution it is a
hydrophilic colloid. It is almost tasteless, odorless, vitreous, brittle solid
and usually faintly yellow in color. Gelatin is a mixture of peptides and
proteins. Gelatin when heated and solidifies when cooled again. Together

with water, it forms a semi-solid colloid gel.



Gelatin forms a solution of high viscosity in water, which sets to a
gel on cooling, and its chemical composition (Figure 1.1.) is closely

similar to that of its parent collagen ®.

1.5.1. Chemical composition of Gelatin :(?°
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Figure 1.1.Chemical composition of Gelatin

Gelatin similar to synthetic polymers shows a rather wide molecular

weight distribution ©®2",

1.5.2. Gelatin thin Films:

Gelatin has excellent film-forming and good mechanical properties.
In addition, it is unique among hydrocolloids in forming thermo-
reversible with a melting point close to body temperature, which is,

particularly, significant in edible and pharmaceutical applications ®®.

Since the late 1980s, edible films have attracted much attention as
food or drudgery packaging. It is because edible films may, partly,
substitute traditional plastic films. Edible films can enhance food quality
by acting as moisture, gas, aroma and lipid barriers and by providing
protection to a food product after the primary package is opened 9.

Edible films can be prepared from proteins, polysaccharides, lipids or the



combination of these components. Among them, protein-based edible
films are most attractive. Firstly, they are supposed to provide nutritional

value 2,

Due to the hygroscopic character of this material independently of
the protein used, the production of edible and biodegradable film requires
the use of a plasticizer in order to increase its flexibility and its handling
and it may simultaneously induce the reduction of the vitreous transition

in an undesirable manner ©Y,

In structural terms, plasticizers are inserted into the polymeric
matrix, increasing the free space between chains, causing a decrease of
intermolecular forces along the matrix ©* *¥. The most widely used
plasticizers include glycerol ®**). This plasticizer present hydrophilic
character, which contribute to the increase of water permeability and

susceptibility of the matrix to environmental humidity.

Gelatin films, in particular, have been employed as an adhesive ©9,
oxygen barrier, mold retardant, antioxidant carrier and frying oil barrier
37 and primary component of certain pharmaceutical capsules and tablet
coatings. Gelatin films are successfully used due to their unaffected on

environment and easily waste ©2.

Bae et al., (2009) © investigated the effect of clay content,
homogenization RPM, and pH on the mechanical and barrier properties of
fish gelatin/nanoclay composite films. The addition of 5% nanoclay
(w/w) increased the tensile strength from 30.31 - 2.37 MPa to 40.71 -3.30
MPa. The 9 g clay/100 g gelatin film exhibited the largest improvements
in oxygen and water barrier properties. Oxygen permeability decreased
from 402.8 X10°® - 0.7 X 10°° gm/m* day atm to 114.4X 10° - 16.2 X10°
gm/m? day atm and the water vapor permeability decreased from 31.2 X
10 ®-1.6 X 10 ng m/m’s Pa to 8.1X 10°- 0.1X10° ng m/ m* s Pa. The

9



XRD and TEM observation suggested that the ultrasonication treatment

(30 min at 40% output) resulted in exfoliation of the silicates.

Caglar et al., (2010) “? has been developed a novel pyranose
oxidase (PyOx) biosensor based on gold nanoparticles (AuNPs)-—
polyaniline(PANI)/AgCIl/ gelatin nanocomposite for the glucose
detection. PyOx was immobilized on the surface of glassy carbon
electrode (GCE) via the nanocomposite matrix. The electrode surface was
imaged by scanning electron microscopy (SEM). Amperometric detection
of the consumed oxygen during the enzymatic reaction was monitored at -
0.7 V. After optimization studies, analytical characterization of the
biosensor was carried out. The linear response of the AUNPs—
AgCI/PANI/gelatin modified PyOx biosensor is found to be from 0.05 to
0.75 mM glucose with the equation of y = 2.043x + 0.253; R2 = 0.993.
Finally, proposed biosensor was used to analyze glucose content in real
samples. Obtained data from the biosensing system was compared with a
commercial enzyme assay kit based on spectrophotometric Trinder

reactionas a reference method.

Roberta et al., (2005) “Y synthesized, Hybrid, inorganic/organic
materials consisting of Au and AuNi nanoparticles and gelatin by soft
chemical routes (reduction by N,H,4 aqueous solution at 277 and 373 K).
The average particle size, obtained by transmission electron microscopy,
ranged between 4 and 20 nm. For Au—gelatin sample, at 277 K, the
gelatin 3D network was maintained and Au nanoparticles were close-
packed linear assemblies along gelatin filaments forming a spider web-
like network. Because of inter-particle coupling and gelatin adsorption,
Au arrays exhibit dipolar plasmon resonances that shift and broaden by
hundreds of nanometers. For the first time, AuNi nanoparticles could also

be formed at 373 K. At this temperature gelatin was solubilized but AuNi
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particles were still stabilized by the protein chains without array
formation. AuNi fcc phases were observed by X-ray diffraction. A blue-
shift of the plasmon resonance was observed for AuNi—gelatin
nanocomposites when compared to Au—gelatin. SQUID magnetometer
measurements indicate that AuNi—gelatin samples are ferromagnetic at
low temperature. At 2K hysteresis loops were observed with coercivity
(H.) values between 450 and 650 Oe and squareness values between 0.15
and 0.37. These new nanocomposites therefore appear very promising for

design of nanodevices.

Jun et al., (2007) “? prepared gelatin/montmorillonite—chitosan
(Gel/MMT-CS) nanocomposite scaffold via the intercalation process and
freeze-drying technique, using the ice particulates as the porogen
materials. Properties including pore structure, water adsorption content,
in vitro degradation and tensile strength were investigated. It was
demonstrated that the introduced intercalation structure endowed the
Gel/MMT-CS scaffold with good mechanical properties and a
controllable degradation rate. Scanning of electron microscope images
revealed that the scaffold obtained was highly porous and suitable for the
implanted cells to adhere and grow. The mitochondrial activity assay
provided good evidences of cells viability on the Gel/MMT-CS

membranes, indicating of possible application in tissue engineering.

Smitha et al., (2007) “® synthesized Silica—biopolymer hybrid using
colloidal silica as the precursor for silica and gelatin as the biopolymer
counterpart. The surface modification of the hybrid material has been
done with methyl tri-methoxysilane leading to the formation of
biocompatible hydrophobic silica—gelatin hybrid. The hybrid gel has been
evaluated for chemical modification, thermal degradation,

hydrophobicity, particle size, transparency under the UV-visible region
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and morphology. FTIR spectroscopy has been used to verify the presence
of CH; groups which introduce hydrophobicity to the SiO,—~MTMS—
gelatin hybrids. The hydrophobic property has also been tailored by
varying the concentration of methyltrimethoxysilane. Contact angle by
Wilhelmy plate method of transparent hydrophobic silica—gelatin
coatings has been found to be as high as ~95-. Oxidation of the organic
group which induces the hydrophobic character occurs at 530°C which
indicates that the surface hydrophobicity is retained up to that
temperature. Optical transmittance of SiO,—~MTMS—gelatin hybrid
coatings on glass substrates was found to be close to 100% which enables
the hybrid for possible optical applications and also for preparation of
transparent biocompatible hydrophobic coatings on biological substrates

such as leather.

Babita et al., (2008) “¥ synthesized gelatin coated iron oxide
nanocomposite (G/I0) and hydroxyapatite (HAp) crystal nucleation and
growth in the nanoparticles was explored. Due to the structural similarity
of gelatin (and collagen) linked to a mineral phase based on Ca-
phosphates compounds with natural bone and increasing application of
magnetic iron oxides in hyperthermia. A series of GIO/HAp
nanocomposites with various amount of GIO were synthesized by co-
precipitation technique using calcium hydroxide and phosphoric acid as
precursors. Various physico-chemical analysis showed that the HAp
crystal nucleation and growth occurred at acidic group of gelatin, while
magnetic iron oxide nanoparticles (b 8nm) were bound to the amide
groups of the gelatin chain. Moreover, the growth of HAp nanocrystals in
ag. GIO solution was, highly, influenced by the GIO contents in the

solution. The mineralized composite with magnetic properties could have
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great scope in biomedical field as a thermoseed to kill cancerous cells in

bone, side by side, for the bone reinforcement.

1.6. Poly vinyl alcohol (PVVA) Nanocomposite:

Polymers are commercially available; many are water soluble,
biocompatible and have been widely used in the chemistry of colloids as
dispersants, chelates, surfactants, food industry, ligands and so forth. In
the realm of water compatible polymers reported in literature, poly vinyl
alcohol (PVA) and its related products appear as one very interesting
choice for preparing colloidal suspensions, due to their biocompatibility
and biodegradability aiming at medicine, biology and pharmaceutics

applications “°.

Also Poly vinyl alcohol has a melting point of 230 °C and 180- 190
°C for the fully hydrolyzed and partially hydrolyzed grades, respectively.
It decomposes rapidly above 200°C as it can undergo pyrolysis at high

temperatures “°.

1.6.1. Poly vinyl alcohol (PVA) thin Films:

Poly vinyl alcohol has excellent film forming, emulsifying and
adhesive properties. Poly vinyl alcohol is a water soluble synthetic
polymer. Due to the characteristic of easy preparation, good
biodegradability, excellent chemical resistance and good mechanical
properties, Poly vinyl alcohol has been used in many biomaterial

applications “".
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In recent years, poly vinyl alcohol which is a cheap and nontoxic
synthetic polymer has been used widely for cell immobilization.
However, there are some synthetic polymers from nonrenewable sources
that are biodegradable, such as Poly vinyl alcohol “®. Poly vinyl alcohol
film used in several studies on biopolymer materials produced by casting

or extrusion methods “9,

Saikia et al., (2011)®” investigated CdS/PVA nanocomposite thin
film deposited on glass substrates by, in situ ,thermolysis of precursors
dispersed in polyvinyl alcohol (PVA). The synthetic technique reported in
this study is free from complexing agent and hence no need to control the
pH of the solution as in the case of conventional CBD. The as-prepared
films were characterized by X-ray diffraction (XRD), scanning electron
microscopy (SEM), transmission electron microscopy (TEM), selected
area electron diffraction (SAED), UV-vis spectroscopy, and
photoluminescence (PL) spectra. The XRD and SAED results indicated
the formation of CdS Nanoparticles with hexagonal phase in the PVA
matrix. The photoluminescence and UV-VIS spectroscopy revealed that
CdS/PVA films showed quantum confinement effect. From the shift in
optical band gap, particle sizes were calculated using effective mass
approximation (EMA) method and it was found to be in agreement with
the results obtained from TEM observations. The SEM results indicated
that as grown films were homogeneous with no visible pinholes and
cracks. The film prepared at 100 °C was found to be suitable for

application as a window layer in solar cell.

Fernandes et al., (2011) ©®® synthesized (ZnO) Nanoparticles with
average diameter of 25nm by a modified sol-gel method and used in the
preparation of (in wt.%) (100—x) poly (vinyl alcohol) (PVA)/x ZnO
nanocomposite films, with x =0, 1, 2, 3, 4, and 5. The PVA/ZnO films

14



were exposed to UV radiation for 96 h., and their thermal, morphological,
and spectroscopic properties were investigated. In inert atmosphere, the
nanocomposite films showed lower thermal stability than the pure PVA
film, and the calorimetric data suggest an interaction between PVA and
ZnO in the nanocomposite films. Some crystalline phases could be seen
in the films with ZnO, and a direct dependence on the ZnO concentration
was also observed. The original structure of ZnO Nanoparticles remained
unaltered in the PVA matrix and they were uniformly distributed on the
film surface. The roughness of the PVA film was not modified by the
addition of ZnO; however, it increased after 96 h of UV irradiation, more
significantly in the nanocomposite films. The films showed an absorption
band centered at 370 nm and a broad emission band in the UV-VIS

region when excited at 325 nm.

Guang et al, (2007)®®  prepared novel silver/ (PVA)
nanocomposite films by an in situ reduction method, in which the silver
nitrate, sodium poly (glutamic acid) (PGA) and PVA acted as precursor,
stabilizer and polyolreducant, respectively. The surface-enhanced Raman
scattering (SERS)-activity of as-prepared nanocomposite films was
investigated using benzoic acid (BA) as probed molecule. The results
showed that these surface plasmon resonance (SPR) absorption band on
silver films was more symmetric with stronger intensity than silver
colloidal solution, indicating that Ag Nanoparticles distribution on the
film substrate was uniform. The fact was further confirmed by X-ray
diffraction (XRD), transmission electron microscopy (TEM) and field-
emission scanning electron microscope (FE-SEM) measurements. It was
found that PGA stabilized silver/PVA nanocomposite film revealed the
presence of well-dispersed and spherical silver Nanoparticles with

average diameter of 90 nm, while the particle sizes were enlarged as the

15



PGA concentration increased. The new substrate presented high SERS
enhancement and the enhanced factor was estimated to be 106 for the

detection of benzoic acid.

Chun, (2007) ®® prepared PVA/TiO, composite polymer membrane
by a solution casting method. Glutaraldehyde (GA) was used as a cross-
linker for the composite polymer membrane in order to enhance the
chemical, thermal and mechanical stabilities. The characteristic properties
of the cross-linked PVA/TIO2 composite polymer membranes were
examined by thermal gravimetric analysis (TGA), X-ray diffraction
(XRD), scanning surface microscopy (SEM), and ac impedance method.
The novel DMFC, consisting of an air cathode electrode with MnO,
carbon inks, an anode electrode with Pt Ru black inks on carbon paper
and the PVA/TiO, composite polymer membrane, was assembled and
examined. It was found that the DMFC using this novel cheap PVA/TIO,
composite polymer membrane showed good electrochemical performance
at ambient temperature and pressure. The maximum peak power density
of the alkaline DMFC is about 7.54mWcm 2 at 60 °C and 1 atm.

Hongmei et al., (2007)®Y prepared a series of CdS/PVA
nanocomposite films with different amount of Cd salt by means of the in
situ synthesis method via the reaction of Cd*" dispersed poly vinyl-
alcohol (PVA) with H,S. The as-prepared films were characterized by X-
ray diffraction (XRD), transmission electron microscopy (TEM),
ultraviolet-visible (UV-VIS.) absorption, photoluminescence (PL)
spectra, Fourier transform infrared spectroscope (FTIR) and thermo
gravimetric analysis (TGA). The XRD results indicated the formation of
CdS Nanoparticles with hexagonal phase in the PVA matrix. The primary
FTIR spectra of CdS/PVA nanocomposite in different processing stages
have been discussed. The vibrational absorption peak of Cd-S bond at
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405 cm™ was observed, which further testified the generation of CdS
Nanoparticles. TGA results showed incorporation of CdS Nanoparticles
significantly altered the thermal properties of PVA matrix.
photoluminescence and UV-VIS. spectroscopy revealed that the

CdS/PVA films showed quantum confinement effect.

Anurag and Ram, (2011) ©®° prepared polyvinyl alcohol
(PVA)/Silver nanocomposite. The silver Nanoparticles were enerated in
PVA matrix by the reduction of silver ions with PVA molecule at 60—
70°C over magnetic stirrer. UV-VIS. analysis, X-ray diffraction studies,
transmission electron microscopy, scanning electron microscopy and
current—voltage analysis were used to characterize the nanocomposite
films prepared. X-ray diffraction analysis reveals that silver metal is
present in face centered cubic (fcc) crystal structure. Average crystallite
size of silver nanocrystal is 19 nm, which increases to 22nm on annealing
the film at 150 °C in air. This result is in good agreement with the result
obtained from TEM. The UV-VIS. spectrum shows a single peak at 433
nm, arising from the surface plasmon absorption of silver nanocolloids.
This result clearly indicates that silver Nanoparticles are embedded in
PVA. An improvement of mechanical properties (storage modulus) was
also noticed due to a modification of PVA up to 0.5 wt% of silver
content. The current—voltage (I-V) characteristic of nanocomposite films

shows increase in current drawn with increasing Ag-content in the films.

Aleksandra et al., (2007)®® prepared Ag/PVA Nanocomposites
with different contents of inorganic phase by reduction of Ag” ions in
aqueous PVA solution by gamma irradiation followed by solvent
evaporation. Optical properties of the colloidal solutions and the
nanocomposite films were investigated using UV-vis spectroscopy.

Structural characterization of Ag Nanoparticles was performed by TEM
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and XRD. Interaction of the Ag Nanoparticles with polymer matrix and
the heat resistance of the Nanocomposites were followed by IR
spectroscopy and DSC analysis. IR spectra indicated that Ag nanofiller
interact with PVA chain over OH groups. The changes of heat resistance
upon the increase of the content of inorganic phase are correlated to the

adsorption of polymer chains on the surface of Ag Nanoparticles.

Yajuan et al., (2009) ©” prepared, (PVA)/exfoliated a-zirconium
phosphate Nanocomposites of various compositions by a solution casting
method. The a-ZrP compound was synthesized by refluxing. The
characteristic properties of the PVA/e-a-ZrP composite films were
examined by thermal gravimetric analysis (TGA), differential scanning
calorimetry (DSC), X-ray diffraction (XRD), scanning electron
microscopy (SEM) and tensile tests. Tensile tests indicated that with the
loading of e-a-ZrP, the tensile strength and the elongation at break were
increased by 17.3% and 26.6%, respectively compared to neat PVA. It is
noteworthy that optimum film properties were obtained with 0.8 wt% ea-
ZrP, and higher proportions of e-a-ZrP, may be related to the aggregation
of e-a-ZrP particles and deterioration of the film properties. On the whole,
the nanocomposite PVA/ea- ZrP systems had mechanical and thermal
properties which were superior to that of the neat polymer and its

conventionally filled composites.

Kuljanin et al., (2006) ©® synthesized lead sulfide (PbS)
nanoparticles (NPs) with average diameter of 26 °A and polyvinyl
alcohol (PVA) using colloidal chemistry methods. The PbS/PVA
nanocomposites were characterized using optical, structural, thermal and
mechanical techniques. No difference between infrared spectra and no
difference between glass transition temperatures after incorporation of the

PbS NPs in the PVA matrix indicated weak interaction between nanofiller
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and polymer. Due to weak interaction between nanofiller and polymer a
slight improvement of the mechanical properties of the PbS/PVA
nanocomposite was observed compared to the neat PVA. On the other
hand, the presence of the PbS NPs in the PVA matrix induced the
increase of the crystallization temperature and enthalpy of crystallization.
Also, the thermal decomposition of the PVA shifted towards higher
temperature of 15 °C in the presence of the PbS (NPs).

Kunhua et al., (2011) ®® studied Starch/polyvinyl alcohol
(PVA)/nano-silicon dioxide (nano-SiO,) biodegradable hybrid films were
prepared via the sol—gel method. Fourier transform infrared spectroscopy,
scanning electron microscopy, and X-ray photoelectron spectroscopy
were used to evaluate the structure of the films. The aging and
biodegradable properties of the films were studied as well. A gel network
was formed in the films; this network is responsible for improving the
performance of the starch/PVA/nano-SiO, hybrid films. The crystal
structure of the films was increased owing to the addition of nano-SiO2.
The addition of nano-SiO, also delays aging of the films. However, the
enzymatic degradation test shows that the addition of nano-SiO, has no

significant influence on the biodegradability of the films.

Soon et al., (2012) ®? is aimed to prepare starch/PVA composite
films with added nano-sized poly (methyl methacrylate-co-acrylamide)
(PMMA-co-AAm) particles and to investigate the mechanical properties,
water barrier properties, and soil burial degradation for the films.
Composite films were prepared using corn starch, polyvinyl alcohol
(PVA), nano-sized PMMA-co-AAm particles, and additives, i.e.,
glycerol, xylitol , and citric acid. Nano-sized PMMA-co-AAm particles
were synthesized by emulsion polymerization. The results indicated that

the mechanical properties and water resistance were improved up to 70—
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400%, the results of the soil burial biodegradation revealed that films
added PMMA-co-AAm particles were degraded by about 45-65% after
165 days.

Rayna et al., (2010)®Y synthesized novel hybrid material thin films
based on polyvinyl alcohol (PVA)/tetraethyl orthosilicate (TEOS) with
embedded silver nanoparticles (AgNps) using sol-gel method. Two
different strategies for the synthesis of silver nanoparticles in PVA/TEOS
matrix were applied based on reduction of the silver ions by thermal
annealing of the films or by preliminary preparation of silver
nanoparticles using PVA as a reducing agent. The successful
incorporation of silver nanoparticles ranging from 5 to 7 nm in
PVA/TEOS matrix was confirmed by TEM and EDX analysis, UV—Vis
spectroscopy and XRD analysis. The antibacterial activity of the
synthesized hybrid materials against strains of three different groups of
bacteria Staphylococcus aureus (gram-positive bacteria), Escherichia coli
(gram-negative bacteria), Pseudomonas aeruginosa (non-ferment gram-
negative bacteria) .The hybrid materials showed a strong bactericidal
effect against E. coli, S. aureus and P. aeruginosa and therefore have

potential applications in biotechnology and biomedical science.

Prashant et al., (2011) ©? investigated Pervaporative performances
for dehydration of water—acetonitrile using nanocomposite metal oxide
and Pervap 2202 membranes. Poly (vinyl alcohol) based nanocomposite
metaloxide membranes were prepared through co-precipitation of
different amounts of Fe (1) and Fe (Il1). The freestanding nanocomposite
metal oxide membranes were characterized by Transmission electron
microscopy and X-ray diffraction. Sorption studies evaluated the extent
of interaction and degree of swelling of the membranes. Fe containing

PVA polymer matrix showed improved flux and selectivity. In order to
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observe simultaneous effect of flux and selectivity, pervaporation
separation index showed10 wt.% iron oxide containing membrane is the
most amongst all tested. Diffusion coefficients were calculated using
pervaporation results and sorption kinetics data. An attempt was made to
predict sorption selectivity thermodynamically. PV separation factor was
observed to be governed by sorption and/or diffusion phenomena and
sorption selectivity was found to be higher than PV separation factor.
Prediction of concentration profile in the membrane was also attempted
and the results showed that water concentration in the membrane

decreases with increased membrane thickness.

Li Mei et al., (2008) ©®®  prepared a series of photochromic
nanocomposite films were prepared by well-dispersed Keggin type
polyoxometalates (POM) in polyvinyl alcohol (PVA). The corresponding
structure, photochromic behaviors and mechanism of the films were
investigated with transmission electron microscopy (TEM), atomic force
microscopy (AFM), Fourier transform infrared spectra (FT-IR),
ultraviolet visible absorption spectra (UV/VIS) and electron resonance
spectra (ESR). In composite films, the sphere-shaped POM nanoparticles
were well dispersed with narrow size distribution. AFM images indicated
that the surface topography of polymeric matrix changed after adding
POM, and the surface appearance of nanocomposite films was different
before and after ultraviolet light irradiation. FT-IR results showed that the
Keggin geometry of POM was still preserved inside the composites and a
charge-transfer bridge was built between POM and PVA polymeric
matrix through hydrogen bonding. Irradiated with ultraviolet light,
composite films changed from colorless to blue and showed reversible
photochromism. The composite film containing molybdenum exhibited

faster photochromic efficiency and slower bleaching reaction than that
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containing tungsten. The inferior reversibility of composite films was
observed during the coloration—decoloration cycle. The appearance of the
characteristic signals of W°* or Mo® in ESR spectra indicated that PVA
was a proton donor and the photochemical process was in accordance

with the charge-transfer mechanism.

Karthikeyan, (2005) ®¥ prepared Ag—Polyvinyl alcohol (Ag—PVA)
films. The influence of annealing time upon the variation of cluster size
has been analyzed using optical absorption, emission and Fourier-
transform infrared (FTIR) spectra. Measurements of optical spectra show
that the surface Plasmon resonance lies around 420 nm, and confirm the
growth of Ag clusters. Measurements of FTIR spectra were carried out to
identify the role of chemical interface damping which influenced the
broadening of the absorption band. The emission peak was observed at

540nm for clusters which were annealed for 1 and 2 min.

1.7. Effect of Radiation on Nanocomposite:

Radiation processing can be defined as the treatment of materials
and products with radiation or ionizing energy to change their physical,
chemical or biological characteristics, to increase their usefulness and
value, or to reduce their impact on the environment. Accelerated
electrons, X-rays emitted by energetic electrons, and gamma rays emitted
by radioactive nuclides are suitable energy sources. These are all capable
of ejecting atomic electrons, which can then ionize other atoms in a
cascade of collisions. So they can produce similar molecular effects. The

choice of energy source is usually based on practical considerations, such
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as absorbed dose, dose uniformity (max/min) ratio, material thickness,

density and configuration, processing rate, capital and operating costs.

In the case of electron beam (EB) processing, the incident electron
energy determines the maximum material thickness, and the electron
beam current and power determine the maximum processing rate. In the
case of X-ray processing, the emitted power increases with the electron
energy and beam power. For high throughput industrial processes, the
capital costs and operating costs of an irradiation facility are competitive

with more conventional treatment methods.

Successful irradiation processes provide significant advantages in
comparison to typical thermal and chemical processes, such as higher
throughput rates, reduced energy consumption, less environmental
pollution, more precise control over the process and the production of
products with superior qualities. In some applications, radiation
processing can produce unique effects that cannot be duplicated by other

means.

Krkljes et al., (2007) ® investigated the degradation kinetics of
gamma radiolytically synthesized Ag/PVA nanocomposite by thermo-
gravimetric method under dynamic conditions (30—600°C) in an inert
atmosphere. The results showed that thermal degradation of composites
was a two stage process for the lower amount of nano filler and single-
stage for the higher amount of nano filler. Vyazovkin model-free kinetics
method was applied to calculate the activation energy (Ea) of the
degradation process as a function of conversion and temperature. At a
given degradation temperature, PVA as a host in nanocomposite presents

lower reaction velocity, while its Ea is higher than that of pure PVA.

Wael et al., (2011) ©® used gamma-irradiation to reduce silver ions

to generate silver Nanoparticles in PVA matrix. (PVA/Ag) hybrid
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nanocomposite which prepared from PVA polymeric film and silver
nitrate (AgNO3). UV-visible spectra showed a single peak at 422 nm,
arising from the surface plasmon absorption of silver Nanoparticles. The
shifting of surface Plasmon resonance peak after irradiation reveals that
gamma irradiation can be used as a size controlling agent for the
preparation of silver Nanoparticles embedded in PVA film. This result
was in good agreement with the result obtained from TEM images. TEM
images showed narrow size distribution of Ag Nanoparticles with an
average particle size of 30 nm, which decreased to 17nm with increasing
irradiation dose. X-ray diffraction analysis revealed that silver metal was
present in a face centered cubic (fcc) crystal structure. These results
clearly indicate that monodispersed silver Nanoparticles are embedded

homogenously in PVA matrix.

Manjunatha et al., (2007) ®”  studied the effect of electron
irradiation on the optical properties of polyvinyl pyrrolidone (PVP)
capped cadmium sulphide (CdS) Nanoparticles embedded in polyvinyl
alcohol (PVA) matrix. PVP capped CdS Nanoparticles were prepared by
a non-aqueous chemical method with cadmium nitrate as the cadmium
source and hydrogen Sulphide as the Sulphur source. Synthesized
Nanoparticles are used for X-ray diffraction (XRD) studies that
confirmed the formation of cubic CdS Nanoparticles with an average size
of 3-5 nm. The synthesized CdS nano-powder is dispersed in PVA matrix
and self-standing flexible (PVP-CdS) PVA films of thickness 0.2mm
were obtained. The nanocomposite were subjected to optical absorption
spectroscopy and photoluminescence (PL) studies. The PL emission
spectra of the nanocomposite showed two peaks, at 502 and 636 nm,
which are attributed to the band edge and surface defects of CdS
Nanoparticles, respectively. The composite films are irradiated with
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8MeV electrons from a Microtron and optical absorption and PL studies
are carried out on the irradiated samples. Irradiation of the samples leads

to the quenching of surface defect related emission.

Manal et al., (2009) ®  used electron beam irradiation as
crosslinking agent for preparing Copolymer hydro-gels composed of poly
vinyl alcohol (PVA) and carboxy-methyl cellulose (CMC). The
copolymers were characterized by FTIR and the physical properties such
as gelatin. The thermal behavior and swelling properties of the prepared
hydro-gels were investigated as a function of PVA/CMC composition.
The factors effecting adsorption capacity of acid, reactive and direct dyes
onto PVA/CMC hydro-gel, such as CMC content, pH value of the dye
solution, initial concentration and adsorption temperature for dyes were
investigated. Thermodynamic study indicated that the values the negative
values of suggested that the adsorption process is exothermic. The value
of H (38.81 kJ/mol) suggested that the electrostatic interaction is the

dominant mechanism for the adsorption of dyes on hydro-gel.

Jen et al., (2009) ®@ used UV radiation and sol-gel process through
two steps for modification of polyvinyl alcohol (PVA) to prepare the
modified PVA membranes. From the first step modification of PVA by
UV radiation with 2-hydroxy ethyl methacrylate (HEMA) monomer, the
poly (2-hydroxy ethyl methacrylate) (PHEMA) modified poly vinyl
alcoho), PVAHEMA, was obtained and characterized by Fourier transfer
infrared spectra (FTIR) and optical polarizing microscopy for the
chemical compositions and morphology. With the second step
modification of sol-gel process, the organic—inorganic hybrid sol—gel
material, PVA/HEMA/SIO,, was prepared. Both of the modified PVA,
(PVAHEMA and PVA/HEMA/SIO,), were characterized by X-ray
diffraction (XRD), differential scanning calorimetry (DSC), and
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Thermogravimetic analysis (TGA). To prepare the alkaline solid polymer
electrolyte, the various PVAHEMA and PVA/HEMA-SiO, membranes
were immersed in 40 wt% KOH solution to form the KOH containing
polymer electrolyte membranes. And then their performances were
conducted with impedance spectroscopy to evaluate the ionic
conductivity through the membranes. At room temperature, the ionic
conductivity increased from 0.044 to 0.073 S/cm for the PVA/HEMA
membrane; whereas the ionic conductivity was about 0.11 S/cm for the
PVA/HEMA/SiO, membranes. Compared to other reports in references,
hybrid sol-gel membrane is a highly ionic conducting alkaline solid

polymer electrolytes membrane.

1. 8. Industrial application of Radiation process:

Radiation processing was introduced more than fifty years ago, and
many useful applications have since been developed. The most important
commercial applications involve modifying a variety of plastic and rubber
products, and sterilizing medical devices and consumer items. Emerging
applications are pasteurizing and preserving foods, and reducing

environmental pollution .

1.8.1. Modifying polymeric materials:
1.8.1.1. Polymerization:
Low-energy (75 keV to 300 keV) electron accelerators are used to

cure (polymerize and crosslink) coatings, adhesives and inks on paper,
plastic and metal substrates. Such materials consist of oligomers
(polymers with low molecular weights) and monomers to provide fluidity
before curing. This technique avoids the use of volatile solvents, thereby
helping to reduce air pollution. Acrylated urethane polyesters, acrylated
epoxies and polyethers are suitable oligomers, and trimethylolpropane

triacrylate (TMPTA) is a suitable monomer. Polymerizations are chain
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reactions which produce high relative molecular masses. with
comparatively low doses of less than 50 kGy. Line speeds up to 1500

m/minPolymerization can be achieved at 10 kGy /!

. High-energy (up to
10 MeV) accelerators are used to cure fiber-reinforced composite
materials. In comparison to heat curing, the processing time and cost can
be reduced with electron beam or X-ray curing. Acrylated epoxies with
carbon fibers are suitable materials. Higher doses (150 kGy to 250 kGy)

are needed to obtain a combination of polymerization and crosslinking *

" This is an emerging application for electron beam and X-ray
processing. Composite parts now being used in automobiles and aircraft

are mainly cured with heat, but radiation curing offers several advantages
(74)

1.8.1.2. Grafting:

Graft copolymerization of monomers with preformed polymers can

() This can be done

be used to modify the properties of their surfaces
with common polymers such as polyethylene, polypropylene and some
fluoropolymers. Plastic films, membranes, fibers and textiles are suitable
products. Styrene, acrylic acid, 4-vinylpyridine and N-vinylpyrrolidone
can be grafted onto polytetrafluoroethylene (Teflon) ®. Other
combinations are styrene on cellulose, vinylpyridines on wool and p-
nitrostyrene on polyethylene, polyvinyl chloride and polypropylene ",
Hydrophilic properties can be added to hydrophobic polymers to make
permselective membranes ’®. lon exchange membranes, fuel cell and
battery separator films, permeation separation membranes, promotion of
surface adhesion, chelating fibers for sea-water treatment and for
recovering some precious metals from sea-water are other possibilities
(79)

. Grafting can also improve the biocompatibility of polymers for

medical applications .
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1.8.1.3. Cross-linking:

Radiation cross-linking began more than 50 years ago when it was
discovered that polyethylene (PE) could be cross-linked in this way ©.
This is still the most important irradiated material because it is used in
many products and it is relatively inexpensive. Cross-linking is the most
widely used effect of polymer irradiation because it can improve the
mechanical, thermal and chemical qualities of preformed products as well
as bulk materials. Both cross-linking and degradation by chain scissoring
can occur during polymer irradiation, but one or the other effects may be

predominant &89,

Cross-linking doses are usually in the range from 50 to 150 kGy.
Multifunctional monomers can be mixed with the polymer to increase the
G(X) value and reduce the dose requirement. Antioxidants, UV stabilizers
and flame retardant compounds can be added to improve the performance
of the material for particular applications. Such additives may inhibit the
cross-linking effect, so the properties of commercial materials are usually

different from the pure polymers .

1.8.1.4. Insulated wire and cable:

One of the first commercial applications of radiation cross-linking
was the improvement of the insulation of electrical wires and the jackets
on multi-conductor cables. Products of this type were introduced during
the 1950s by the Raychem Corporation (since acquired by Tyco
Electronics), and many wire manufacturers are now using this method to
produce high-performance wire for aircraft and automobiles.
Polyethylene, polyvinylchloride, ethylene-propylene rubber,
polyvinylidene fluoride and ethylene tetra-fluoro ethylene copolymer are
some of the materials used in this application. Increased tolerance to

overloaded conductors and high temperature environments, fire
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retardation, increased abrasion resistance, increased tensile strength,
reduction in cold flow and increased resistance to solvents and corrosive

chemicals are product improvements obtainable by this method @ 887,

1.8.1.5. Heat-shrinkable plastic tubing and film:

Radiation cross-linking stabilizes the initial dimensions of products
and imparts the so-called “memory” effect. Cross-linking occurs mainly
in the amorphous zones of polyethylene, but the crystalline zones
determine the stiffness of the material. The cross-linked material becomes
elastic when heated above the melting temperature of the crystalline
zones, which is approximately 100 °C. The product can then be expanded
or stretched to several times its original size. It maintains the larger
dimension when cooled, but it contracts to its original size when heated
again. Examples of commercial products using this effect are
encapsulations for electronic components, jackets for multi conductor

cables, exterior telephone cable connectors and food packaging films €
89)

1.8.1.6. Automobile tires:

Several components of an automobile tire, such as the inner liner,
the chafer strip, the sidewall, the body and tread plies, and the fabric or
steel-reinforced belt, may be given a low dose of electron beam radiation
before the tire is assembled. This partial radiation cross-linking stabilizes
their thicknesses when the final chemical curing is done in a heated mold.
Procuring also avoids migration of the steel belt through its supporting
material. This dimensional stabilization produces a higher quality tire
with more uniform thickness and better balance. Therefore, the tire can be
made thinner to save material, reduce cost and reduce frictional heating at
high speed. Materials are usually isoprene and diene elastomers with

(90, 91)

doses in the range of 30 to 50 kGy
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1.8.1.7. Plastic pipe:

Concrete floors can be heated by circulating hot water through cross-
linked polyethylene pipe embedded in the concrete. Such plastic pipe also
has other applications. A composite pipe is made with a middle layer of
thin aluminum, which withstands the water pressure, an inner plastic
layer to avoid contact with the aluminum layer, and an outer plastic layer
for abrasion resistance. The inner and outer layers are irradiated,

simultaneously, with high-energy electrons ©2.

1.8.1.8. Plastic foam:

Plastic foam can be made by mixing a thermally unstable substance
with a polymer and then heating the mixture to melt the polymer and
decompose the additive. The evolved gas forms bubbles in the polymer.
A zodi carbon amide can be used as the foaming additive. Polyethylene,
ethylene vinyl acetate copolymer and polypropylene can be used as the
polymeric material. The expansion process is more easily controlled with
cross-linked material. Foamed gaskets, coaxial cable insulation, coated
tapes, helmet liners, athletic safety pads, bra cups, floor backing and

automobile seat padding are typical applications %%,

1.8.2. Biological applications:
1.8.2.1. Sterilizing medical products:
The first industrial facility for sterilizing medical products with

accelerated electrons was built by Johnson at their Ethicon factory in
Somerville, New Jersey, USA in 1956. That facility was equipped with a
2 MeV Van de Graff accelerator and a 5 MeV, 5 kW microwave linear
accelerator (linac) made by the High Voltage Engineering Corporation in
Cambridge, Massachusetts. The next research accelerator facility to be
used part time for sterilizing medical products was built at the RISOE
National Laboratory in Roskilde, Denmark in 1960. The first linac
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installed at that facility was a 10 MeV, 5 kW machine made by Varian
Associates in Palo Alto, California. The third industrial accelerator
facility for medical device sterilization was built by SRTI/CARIC in
Corbeville, Orsay, France in 1967. That facility was equipped with a 6
MeV, 7 KW linac made by CGR-MeV in Corbeville, Orsay, France. The
first gamma-ray sterilization facilities with cobalt-60 sources were also
built in 1960 in the United Kingdom, France and Australia ©.

Since that time, many industrial facilities equipped with microwave
linacs, direct current electron accelerators, radio frequency accelerators,
and also with large cobalt-60 sources, have been built and are operating
routinely for sterilizing large quantities of medical products ©® 9% x-
ray processing is also finding its place in this field ©® ) Dose
requirements are in the range of 10 to 30 kGy, depending on the
bioburden of the products. The International Organization for
Standardization (ISO) has published guidelines for the proper application

of electron beam, X-ray and gamma-ray sterilization processes V.
1.8.2.2. Preserving food:

Several experiments on food irradiation were done during the first
half of the 20th century, but serious investigations of this treatment
process were delayed until the late 1940s when more powerful radiation
sources became available. The U.S. Government began to support these
activities in the early 1950s. Since then, many studies have been done all
over the world and many papers and books have been published on this
topic 92 1% The recent status of the regulatory and commercial aspects
has been reviewed in Reference “®¥. A variety of beneficial effects can
be obtained by irradiating fresh foods. Low doses in the range of 0.1 to
1.0 KGy can inhibit the sprouting of potatoes, onions, garlic, roots and

nuts; insects can be disinfested in cereals and legumes, fresh and dried
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fruits, dried fish and meat; parasites can be disinfected in fresh pork,
freshwater fish and fresh fruits; and the ripening of some fruits can be
delayed. Medium doses of 1 to 7 KGy can extend the shelf-life of raw
fish and seafood as well as fruits and vegetables; pathogenic and spoilage
bacteria can be nearly eliminated from raw and frozen seafood, meat and
poultry, spices and dried vegetable seasonings; some foods will exhibit
improved technical properties, such as increased juice yield in grapes, and
reduced cooking time in dehydrated vegetables. High doses of 30 to 50
kGy can sterilize meat, poultry, seafood, sausages, prepared meals,
hospital diets, etc.; certain food additives, such as spices, enzyme

preparations, natural gums and gels, can be decontaminated %,

1.8.3. Pollution control:
1.8.3.1. Reducing acid rain:
Coal-fired and oil-fired electric power plants produce acid rain by

emitting sulfur and nitrogen oxides. These gases are converted to sulfuric
and nitric acids in the atmosphere by reactions with water vapor,
activated by ultraviolet (UV) radiation from the sun. The amounts of such
emissions can be, substantially , reduced by irradiating combustion gases
with energetic electrons. This process causes the formation of acid vapors
under controlled conditions within the power plant. Then these acidic
gases can be neutralized by injecting ammonia vapor to produce fine
particles of ammonium sulfate and ammonium nitrate, which can be
removed from the combustion gas stream by electrostatic precipitators or
bag filters. This process was, originally, investigated by the Japanese
Atomic Energy Research Institute (JAERI) in Takasaki, Japan in
cooperation with the Ebara Corporation during the early 1970s. Initial
reports of this work were published in the proceedings of the first
international symposium on the treatment of wastes with ionizing

radiation %,
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1.8.3.2. Treating municipal and industrial wastes:

lonizing radiation effects on municipal and industrial wastes have
been , extensively, investigated. The objectives include the disinfection of
municipal wastewater and sewage sludge and the decomposition of toxic

substances in industrial wastewater and contaminated soil %9,

Considerable efforts have been made to characterize and describe
the physical and chemical properties of metal oxide nano materials
because of their extensive applications in numerous technological and
biological fields ‘"% Oxides of transition metals are an important class
of semiconductors that have, wide applications in magnetic storage
media, solar energy transformation, electronics, and catalysis %%,
Among various transition metal oxides, copper oxide (CuO) has attracted
greater attention due to its fascinating properties such as the basis of high
critical temperature  superconductors. CuO is a semiconducting
compound with a narrow band gap and is used for photoconductive and
photo-thermal applications. Copper can also be used as an antimicrobial
agent, and CuO nanoparticles have been investigated previously for
enhancing antibacterial properties **?. The bactericidal property of such
nanoparticles depends on their size, stability, and concentration , which
provides greater retention time for bacterium nanoparticles interaction. In
general, bacterial cells are in the micron-sized range. Most bacterial cells
have cellular membranes that contain pores in the nanometer range. A
unique property of crossing the cell membrane can potentially be
attributed to synthesized nanoparticles through such bacterial pores.
However, to make this possible, it is important to overcome challenges
and prepare/design nanoparticles which are stable enough to significantly

restrict bacterial growth while crossing the cell membrane. Furthermore,
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the antibacterial activities of CuO nanoparticles against pathogenic Gram-

positive bacteria, Gram-negative bacteria and fungi were investigated %,

1.9. Water pollution:

The rapidly increasing population, depleting water resources, and
climate change resulting in prolonged droughts and floods have rendered
drinking water a competitive resource in many parts of the world. The
development of cost-effective and stable materials and methods for
providing the fresh water in adequate amounts is the need of the water
industry. Traditional water/wastewater treatment technologies remain
ineffective for providing adequate safe water due to increasing demand of
water coupled with stringent health guidelines and emerging

contaminants.

It is estimated that 10-20 million people die every year due to
waterborne and nonfatal infection causes death of more than 200 million
people every year, it is estimated that more than one billion people in the
world lack access to safe water and within couple of decades the current

water supply will decrease by one-third®*?.

1.10. Pharmaceutical Water pollution:

Pharmaceutically-active compounds (PhACs) include any substance
or mixture of substances manufactured, sold or represented for use in th
diagnosis, treatment, mitigation or prevention of disease, disorder or
abnormal physical state, or its symptoms in human beings or animals.
PhACs are used, primarily, in human and veterinary applications as either
medication or growth enhancing substances. Following excretion, these
chemicals or their metabolites may enter the aquatic environment PhACs
have been detected in soils, sediments, including sewage sludge, surface

and ground water, and aquatic organisms 2.
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There are several possible sources and routes for pharmaceuticals to reach
the

Environment, but wastewater treatment plants have been identified as the
main

Point of their collection and subsequent release into the environment, via
both

effluent wastewater and sludge. Conventional systems that use an
activated sludge

Process are still widely employed for wastewater treatment, mostly
because they

Produce effluents that meet required quality standards (suitable for
disposal or

Recycling purposes), at reasonable operating and maintenance costs ™.

1.11. Removal of Pharmaceutical pollutants from Waste Water:

Most treatment methods of pharmaceuticals wastewater are
physicochemical and conventional biological processes. Activated carbon
adsorption are frequent examples of physicochemical mechanisms
.Currently there are many adsorbents developed and reported for the
removal of drugs pollutants from aqueous solutions and industrial
effluents .Biological wastewater treatment is one of the main important
biotechnological processes in which microorganisms are applied for
removal of organic contaminants and of which activated sludge Process
and membrane bioreactors are the most frequently used. Most waste
water treatment processes use activated sludge processes where in
microorganisms are utilized to mineralize the pollutants, or degrade them
to acceptable forms. Pollutants can also be eliminated from water by
denudation into air or by sorption onto sludge that is regularly discharged.
Membrane bioreactors (MBR) combine the biological degradation of
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waste products with membrane filtration .The use of (MBR) in
wastewater treatment is becoming increasingly important, since their
various benefits; high biodegradation efficiency and less sludge

production ™.

(Bartelt-Hunt et al., 2009; Nilsen)**® :( Vazquez-Roig et al.,
2010) *"_ Several studies investigated the occurrence and distribution of
pharmaceuticals in soil irrigated with reclaimed water.

(Gielen et al., 2009; Kinney, 2006)“*'®: soil that received biosolids
from urban sewage treatment plants.

(Carbonell et al.,, 2009; Lapen et al., 2008). These studies
indicated that applied wastewater treatments are not efficient enough to
remove these micro-pollutants from wastewater and sludge, and as a
result they find their way into the environment. Once entered the
environment, pharmaceutically active compounds can produce subtle
effects on aquatic and terrestrial organisms, especially on the former since
they are exposed to long-term continuous influx of wastewater effluents.
Several studies investigated and reported on it (Cleuvers, 2004; Nentwig
et al., 2004; Schnell et al., 2009). ‘**
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Table 1.1: Examples of potential applications of nanotechnology in
water/wastewater treatment:

Applications | Examples of nonmaterial Some of novel
properties
CNTs/nanoscale metal oxide and | High specific surface
Nanofibers area and assessable
adsorption sites,
selective and  more
Adsorption adsorption sites, short
intraparticle diffusion
distance, tunable surface
chemistry, easy reuse,
and so forth.
Nanosilver/titanium dioxide | Strong antimicrobial
(Ag/TiO02) and CNTs activity, low toxicity and
Disinfection cost, high

chemical stability ease of
use, and so forth.

Photocatalysis

Nano-TiO2 and Fullerene derivatives

Photocatalytic activity in
solar  spectrum, low
human toxicity,

high stability  and
selectivity, low cost, and
so forth.

Membranes

Nano-Ag/Ti02/Zeolites/Magnetite
and CNTs

Strong antimicrobial
activity, hydrophilicity
low toxicity to

humans, high mechanical
and chemical stability,
high

permeability and
selectivity,
photocatalytic  activity,
and so forth.
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1.12. Industrial wastewater:

Many industries, such as Pharmaceutical, textile, paper, plastics and
dyestuffs, consume substantial volume of water, and also use chemicals
during manufacturing and dyes to color their products. As a result, they
generate a considerable amount of polluted wastewater. Colors are visible
pollutant and presence of even very minute amount of coloring substance
makes it undesirable due to its appearance Generally, dyes are stable to
light, heat and oxidizing agents, and are usually biologically non-
degradable?

The removal of color arising from the presence of the water-soluble
reactive dyes is a major problem due to the difficulty in treating such
wastewaters by conventional treatment methods. Dye wastewater is
usually treated by physical or chemical treatment processes. These
include flocculation combined with flotation, Electroflocculation,
membrane filtration, Electrokinetic coagulation, electrochemical
destruction, ion-exchange, irradiation, and precipitation, ozonation, and
katox treatment method involving the use of activated carbon and air

mixtures 9,
1.13. Eosin stain:

Eosin dyes(Figure.1.2.), and specifically the one most commonly used
to counter stain hem alum is Eosin Y. Eosin Y is a pink water soluble
acid dye which also displays yellow-green fluorescence. EosinY, a
heterocyclic dye containing bromine atoms %%,
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Eosin Y coal tar Xanthene dye, which used extensively in the drugs
manufacturing, printing and dyeing industries™®, was chosen as the
model anionic dye to avoid environmental hazards during investigation,

as this dye is not specifically listed as toxic by different health agencies.

1.13.1. Eosin stains structure:

COO-
Br X l Br
O O O
Br Br

Figure.1.2. Eosin stains structure
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Chapter Tow

Materials and Methods
2.1. Materials:

2.1.1. Poly (vinyl alcohol), PVA:

Poly (vinyl alcohol), (molecular weight = 450,600g.mol™). With an
average degree of polymerization of 1750+50, was obtained from (CRC,
Italy). It was in the form of crystalline powder partially hydrolyzed and

used without further purification.

2.1.2. Gelatin, Gel:

Gelatin type (B) derived from bovine skin, with Bloom number 50-
300(from the supplier), were investigated. It presents an iso-electric point

between 4.7 and 6. Obtained from Scientific Fischer chemicals Company.

2.1.3. Copper Oxide, CuO Nanoparticles:

Copper(I1)Oxide (CuOQ) is black powder, Nanoparticles size is
40nm, with molecular weight of 79.546 g/mol , assay > 99%, melting
point 1326°C and density 6.3-6.49g/ml at 20°C obtained from MK Nano
(Diven. of M K impex Corp.) Chemical Nano Company, Canada.

2.1.4. Citric acid:

Citric acid used in this work, is white powder (CsHgO7.H,0), with
molecular weight of 210.14 g/mol, assay 99.5-100.5%, was obtained from
PRS Panreac Co. (Spain).

2.1.5. Eosin dye:
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Eosin yellow, also known as Acid red 87, C.l. 45,380, Bromo
fluorescein; Sodium eosin, with Molecular Formula C20H6Br4Na205,
and molecular weight equal 691.58 g/mol. were obtained from Scientific
Fischer chemicals

Company.

2.2. Methods:

2.2.1. Preparation of polymer blends of (poly vinyl alcohol)/ Gelatin
(PVA/Gel) films:

Films of Poly (vinyl alcohol)/Gelatin (PVVA/Gel) blends were prepared

by casting solution technique. In all of the prepared samples (PVA/Gel)
blends containing different ratios from the two polymers (25/75), (50/50)
and (75/25) by weight were prepared as follows:

Accurate weights of PVA powder were prepared by stirring in distilled
water for 15 minutes at 95°C until completely miscibility of PVA. Then
accurate weights of Gelatin were added to PVA solution with stirring at
heat temperature 95°C for 15minutes until complete miscibility of
solution. After cooling solution 0.5ml of citric acid (0.1M) was added to
the solution as plasticizer. The produced solution was, subsequently,
casted onto plastic dishes to form transparent films. The films were dried

under ambient conditions.

2.2.2. Preparation of poly (vinyl alcohol)/ Gelatin/Copper
Oxide (PVA/Gelatin/CuQO) films:

Different weights of Copper Oxide (0.01 and 0.1gm) were dissolved

in (0.1N) Hydrochloric acid. These weights were loaded after preparation
of PVA/Gelatin powder different ratios (25/75), (50/50) and (75/25) by
weight in 20ml of distilled water with spontaneous stirring. The solution
of PVA/Gelatin should be cooled during adding citric acid (0.1M) and
Copper Oxide. The solution was then subsequently casted onto plastic
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dishes to form films. The casted films were dried under ambient

conditions. The (PVA/Gelatin/CuQ) films have blue-greenish color.

2.2.3. Irradiation process:
Electron beam (EB) Irradiation was carried out in atmospheric air at

ambient temperature using 1.5 MeV and 25 Kw electron beam
accelerator. All specimens were irradiated on one side using a current of
10 mA and scan width variable up to 90 cm. the polymeric samples were
exposed to an irradiation dose of about 5 KGY each pass. Several passes
under these conditions were required for high irradiation doses. The

irradiation doses are ranged throughout this work from 2 to 5 KGY.

2.3.1. Measurements and Analysis:

2.3.1.1. Swelling Studies:
Swelling study was conducted on (PVA/Gelatin) and synthesis

nanocomposite films of (PVA/Gelatin/CuO) as a function of time in
which a dry weight of insoluble polymer blend of (PVA/Gelatin) and
nanocomposite film of (PVA/Gelatin/CuO) (W,;) was immersed in
distilled water and different PH values(4-10) , at 25°C for different
intervals of time durations up to 24h. after each time interval, the sample
was withdrawn and blotted on filter paper to remove excess water and
weighed (W,), in which the degree of swelling is calculated according to

the following equation:

Degree of swelling (%) = [(W; - W;)/ W,] X100

Where: W, (is the wet weight after degrading for a predetermined time).

W (is the original weight of the sample).

2.3.1.2. Structure Morphology by SEM:
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The scanning electron microscope (SEM) JEOL-JSM-5500 LV (Japan)
was employed to examine the structure morphology of (PVA/Gelatin)
blend and nanocomposite polymer blend films of (PVA/Gelatin/CuO)
before and after irradiation. The blend samples were kept in liquid
nitrogen for enough time prior to fracture. A sputter coater was used to
pre-coat, conductive, gold onto the fracture surfaces before observing the

microstructure.

2.3.1.3. Spectroscopic analysis:

2.3.1.3.1. Fourier transform infrared spectrometry, (FTIR):

Fourier transform infrared spectrometry (FTIR-6300)-Japan, was used
for scanning and measuring the absorption spectra at resolution 4 cm™,
high signal to noise spectra were obtained by collection of one hundred
scans for each sample. The spectra of unirradiated and irradiated samples
were measured using a designed holder for sample of 2x2 cm dimension,
over the range: 400 — 4000 cm™ . From the spectra and the change in
absorbance,( peak intensity) at the characteristic peak wave number, (cm’

1) were recorded.

2.3.1.3.2.Ultravilote/visible spectroscopy.(UV/VIS):

Ultravilote/visible spectroscopy, (UV/VIS) spectrometer (Jasco/v-560
Japan). Was used for scanning the absorption spectra in the range 100 nm
to 900 nm and measuring the optical density for unirradiated, irradiated

samples.

2.3.1.3.4. X-ray diffraction (XRD):
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X-ray diffraction is an important tool used to identify phases by
comparison with data from known structures, quantify changes in the cell
parameters, orientation, crystallite size and other structural parameters. It
iIs also used to determine the (crystallographic) structure (i.e. cell
parameters, space group and atomic coordinates) of novel or unknown
crystalline materials. This carried out by using Shimadzu X-ray
diffractometer (XRD-6000)-Japan, using Cu-K. The spectra were

obtained for structure analysis of the samples.
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Chapter Three
Results and discussion
CHARACTERIZATION OF UNIRRADIATED

AND IRRADIATED POLYMER BLEND
3.1. Swelling degree:

Increasing demand for highly absorbing materials in recent years
indicates that this subject will be the topic of extensive research work in
future. This because their applications cover a wide range of uses, in
particular in the medical and pharmaceutical fields and as diapers or pads
for surgical operations “?Y.  Polymer networks are formed through the
chemical and/or physical cross-linking of polymer chains. These
materials represent an important class of polymer matrices for polymer
Nanocomposites since they are used in numerous structural applications
due to their long-term resistance to mechanical loads, elasticity, and
temperature resistant attributes. The most commonly used polymer
networks include epoxies, polyurethanes, and thermoplastic elastomers.
In many ways, the presence of Nanoparticles in a polymer matrices. The
Nanoparticles can influence the development of local network structure
during polymerization and cross-linking reactions, and the excluded
volume of the Nanoparticles can impact the local dynamics of chains
between cross-links 2.

There are many different ways of cross-linking: irradiation using
ultraviolet rays, X-ray photons, ions, electron-beam or R-particles, or due
to a chemical cross-linker. Irrespective of the method of cross-linking,
some fraction of the polymer remains unattached to the network and/or
gets detached by the cross-linking process (e.g., chain scission during
radiation). The network content of the polymer is called the "gel

fraction”, and the fraction of loose macromolecules (sol macromolecules)
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is called the "sol fraction". In some cases, this sol fraction is large and its
influence becomes important 2.

A cross-linked polymer hydrogels swell but not dissolve when water or
a solvent enters it. The swelling properties, which usually use degree of
swelling to define hydrogels, depend on many factors such as network

density, solvent nature, polymer solvent interaction parameter %%,

The swelling degree of the sample was characterized at room
temperature 25°C for which rounded samples with 1cm diameter were
placed in de-ionized water. The swelling character of polymer blend of
(PVA/Gelatin) film in different pH was also studied. The experiments
were carried out by measuring the weight gain as a function of immersion
time in 10 ml water. The swelling degree was calculated by using the

following equation:

Water absorption was conducted to characterize the swelling
degree state of PVA/Gelatin blend ratios before and after irradiation for

different ratios.

3.1.1.Swelling of unirradiated polymer blend of
(PVA/Gelatin):

The swelling behavior of unirradiated polymer blend of (PVA/Gelatin)
film for different ratios were investigated and reported as swelling degree
percentage. The observed studied polymer blend ratios were (25/75),
(50/50) and (75/25) of PVA/Gelatin. The selected ratio was studied for
24 h., through immersing in de-ionized water and with different solution
of pH (4) and pH (10).

Figure(3-1to3-3) showing the swelling degree percentages of

unirradiated polymer blend of (PVA/Gelatin) film for different ratios in
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de-ionized water and with different solution of pH(4) and pH(10). The
obtained results were found that swelling degree percentages were found
to be increases gradually by increasing time until to reach saturation

level.

It was observed From Figure(3.1), that the unirradiated polymer
blend of (PVA/Gelatin) film of the studied ratios (25/75) , (50/50) and
(75/25) showed higher swelling degree percentages (%) after different
times of immersion in de-ionized water. The higher swelling degree
percentage (%)550% was presented after 6h for the studied polymer
blend ratio (75/25) while, the unirradiated ratio (50/50) gives 300% at 4h.
The highest swelling degree percentage (%) was appeared after 2hrs for
the ratio (25/75) was 244%. Then the swelling degree percentages (%)
decrease slightly by increasing time of immersion of studied ratio in de-

ionized water.

Where after 8h of immersion the swelling degree percentages (%) of
unirradiated film ratios (75/25) start to decrease gradually to be (425%).
The ability of presented blend ratio(50/50) and (25/75) for swelling
degree percentages began to decrease at different values of time
respectively after 6 and 4hr of dipping in ionized water. Swelling degree
percentages (%) of the obtained ratios (50/50) and (25/75) were 230%
and 180% after 6 and 4hr., respectively.

The values of the swelling degree percentages showed that the
studied blend film ratio had water retention capability. The reason of
higher swelling degree percentages (%) for the unirradiated PVA/Gelatin
blend of (75/25) ratio film sample might be due to free amino groups in
Gelatin and hydroxyl group which plays an important role in water
uptake because of their hydrophilic nature “*».  Also the Polyvinyl
alcohol (PVA) is hydrophilic polymer with unique properties leading to
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more uptake percentage. It absorbs water, swells easily and it has been

used in controlled resale application 2.

600

—e— (25/75)
—A— (50/50)
500 —m— (75/25)

Swelling (%)

0 5 10 15 20 25
Time(hr.)
Figure .3.1. swelling degree for PVA/ Gelatin polymer blends

distilled water.

Figure (3-2) showing the effect of different of pH values (4) and (10)
on the swelling degree percentages (%) for unirradiated polymer blend
ratios (25/75) , (50/50) and (75/25).

From these Figures, it is clear that the swelling degree percentage
(%) gradually increases with increasing pH value and time. At lower pH
value (4) different two maximum values of swelling degree percentages
(%) were observed for the studied unirradiated ratios (75/25) and (25/75)
after 4h., were 500% and 350% respectively. The studied unirradiated
ratio (50/50) showed lower swelling degree percentages (%) after 4hr.,
was 194%. Then swelling degree percentages start to decrease after 8hr.,

of immersion.

Degradability was found to be absent in case of unirradiated ratio
(25/75) , (50/50) and (75/25) which it might be due to the higher
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hydrophilic character of PVA and gelatin and also, due to uses of citric

acid as cross-linking between the used polymer matrix.

However, under pH 6.4, or in a certain pH range, (4-7), the
majority of the base and acid groups are as NH™ and COO™ or NH,
and COOH forms, and therefore ionic interaction of NH® and COO™
species (ionic cross-linking) or hydrogen bonding between amine
and carboxylic acid (and probably carboxamide groups) may lead to a

kind of cross-linking followed by decreased swelling 2.

—e— (25/75)
—aA— (50/50)
—m— (75/25)

500

Swelling (%)

) 5 10 15 20
Time(hr.)

Figure.3.2. swelling test of Unirradiated PVA/ Gelatin polymer blends at
pH (4).

In presence of higher pH value (10) as shown in Figure (3-3), there
are three higher values of swelling degree percentages (%) presented in
the following order: (75/25) > (25/75) > (50/50) where, the swelling
degree percentages (%) were 700% , 560% and 450% after 6hr for the
unirradiated ratios(75/25) , (25/75) and at 4hr for the studied ratio(50/50)
respectively. Degradation process has been disappeared for the three
studied ratios (25/75) (50/50) and (75/25) at pH value (10).
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When the ionic strength of the solution is increased, the deference in
osmotic pressure between the polymer blend and the medium is

decreased. Thus the swelling capacity of the polymer blend is decreased
(126)

—e— (25/75)
—aA— (50/50)
—m— (75/25)

600

400

Swelling (%)

200

0 5 10 15 20
Time(hr.)

Figure.3.3.swelling test for PVA/ Gelatin polymer blends Unirradiated at
pH (10)

Swellings of the PVA/Gelatin were dependent on their gelatin
proportions. As the proportion of gelatin decreased, there was a
significant increase in the swelling ratio. This may be attributed to the
higher proportions of gel fraction of gelatin present in the samples.
It may be estimated from the swelling studies that the rate of release of
the drugs dissolved in the oil phase may be higher for the samples with
higher water content. Water content in the gels increases for the samples
with high swelling ratio due to the increased amount of gelatin. This may
be accounted to the partition coefficient effect, which states that the
solute distributes itself amongst the two immiscible liquids in a definite

127,128,129
o ¢ ),

concentration rati The gels were able to maintain their

structural integrity even after 8 h of study, though there was some
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alteration in their texture. This might facilitate the usage of the emulsion

hydrogels (EHs) as implantable delivery devices 3%,

The cross-linking yield of unirradiated polymer blends modified
by adding citric acid as cross-linker, Citric acid (CA) with one hydroxyl
and three carboxyl groups exists widely in citrus fruits and pineapples,
where it is the main organic acid. Citric acid was chosen as the additive
for the following reasons. First of all, as a result of its multi-carboxylic
structure, esterification could take place between the carboxyl groups on
citric acid and the hydroxyl groups on the PVA. Such an esterification

13D " Furthermore, because of the

would improve the water resistibility
multi-carboxyl structure, citric acid may serve as a cross-linking agent.
Cross-linking of a blend reinforces the intermolecular binding by
introducing covalent bonds that supplement natural intermolecular
hydrogen bonds “*? so as to improve the mechanical properties and water
resistibility. As compared to the hydroxyl groups on glycerol(in case of
using glycerol as cross-linker), the carboxyl groups on citric acid can thus
form stronger hydrogen bonds with the hydroxyl groups on PVA/gelatin

blends, thus improving the interactions between the molecules 2.

The third point, citric acid is rated as nutritionally harmless since it is
a nontoxic metabolic product of the body (Krebs or citric acid
cycle).Consequently; it has already been approved by FDA for use in

humans ¥,

Although Yoon and co-workers also used citric acid as the additive to
prepare PS films as the plasticizers “**, they selected 50°C as the molding
temperature. The esterification will not occur in the blending system
under such a low temperature. A series of structural and physical

properties changes result from the esterification which need a high
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temperature. The water absorption capacity and the degradability are the
most important properties for biodegradable materials. It was reported
that the water absorption acquired equilibrium in 12 hrs “*® so we
selected 24 hrs, which is longer than equilibrium time as the observing

time.

3.1.2.Swelling of (PVA/Gelatin)irradiated polymer blend:

Swelling behavior of the irradiated polymer blends (PVA/Gelatin) at
irradiation dose (5KGy) was investigated to evaluate their capacity to
absorb water and simulate their degradation time in the presence of

radiation.

Figures (3-4t03-6) shows the effect of irradiated polymer blend
ratios (25/75), (50/50) and (75/25) of (PVA/Gelatin) in de-ionized water
and in solution of pH (4), pH (10) at the applied dose (5KGy). The same
behavior was observed in the studied irradiated polymer blend ratios

dipping in de-ionized water and with solution of pH (4).

The swelling degree percentages of irradiated polymer blend ratios
(25/75), (50/50) and (75/25) of (PVA/Gelatin) at the applied dose 5KGy
of gamma irradiation was found to be gradually increase with increases
time until to reach equilibrium time. Also, results show variation of

maximum swelling degree percentages of studied ratios.

Figure.3.4.shows The maximum values of swelling degree
percentages of irradiated polymer blend ratios (25/75), and (75/25) at the
applied dose (5KGy) in de-ionized water are (650%, 850%) respectively
were presented after 6hrs, while it was (360%) for the ratio (50/50) after
4hrs of dipping, then, the obtained swelling percentages began to

decrease after 6hr of dipping.
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Figure.3.4.Swelling test for PVA/ Gelatin irradiated 5kGy in Water

Figure.3.5.shows the swelling behavior at pH(4) for the irradiated
polymer blends(PVA/gelatin) different ratios(25/75, 50/50, 75/25) when
gamma irradiation dose (5KGy) was applied, the highest values of
swelling degree percentages were (350%, 155% and 500%) respectively

observed after 4hrs of immersion in pH (4) solution.

500

400

—e— (25/75)
—aA— (50/50)
—m— (75/25)

300 -

Swelling (%)

200 -

100 -

(0] 5 10 15 20

Time(hr.)

Figure.3.5.Swelling test for PVA/ Gelatin irradiated 5kGy in pH (4).
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Figure.3.6. illustrated the effect of gamma irradiation dose 5KGy on
swelling degree percentages of irradiated polymer blend ratios (25/75),
(50/50) and (75/25) of (PVA/Gelatin) when it was dipped in pH (10).

The observed results showed that the irradiated ratio polymer blend
ratios (25/75), (50/50) and (75/25) at 5KGy gives a maximum swelling
degree after (6hr) of dipping in solution of pH(10) about (460% , 580%
and 700%), while, the swelling degree gradually increases with increasing

time until the obtained 8hr of saturation level.

—e— (25/75)
—a— (50/50)
—m— (75/25)
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Figure.3.6.Swelling test for PVA/ Gelatin irradiated 5kGy in pH (10)

Generally, it was found that the swelling degree decrease as the
esterification and crosslink degree increased 1%,

Cross-linking  and chain scission occurred when  polymers
were exposed to gamma irradiation. Polysaccharides and other natural
polymers generally degrade by breaking the glycosidic linkage under
gamma radiation 37,

It is reported in the literature that PVA and Gelatin molecules form
free radicals when irradiation is caused by a gamma source. Gelatin is a

natural biopolymer that consists of protein molecules and can easily
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fragment due to gamma irradiation. The exposure of gamma irradiation
produces the free radicals due to the chain scission of the gelatin
molecules. The generated free radicals may crosslink each other and
form more cross-linked sites with the exposure of gamma irradiation;

as a result, mechanical properties might be increased ®37.

Higher gamma radiation might have caused degradation of the
polymer and the film became hard and brittle while at lower doses
cross-linking might have dominated over chain seasoning. When the
(PVA/ gelatin)film is subjected to the irradiation, the hydroxyl group
from PVA and gelatin radicals is initiated to form a cross linked

network ®37),

3.2. ETIR characterization:

Infrared spectra of the polymer blend of (PVA/Gelatin) for different
ratios samples were investigated. Infrared spectroscopy has been carried
out to further characterize the composition of the polymer blend as-
prepared samples. It has also run to study the effect of different doses
of gamma radiation on the characteristic functional groups of the

prepared film samples.

3.2.1. Infrared spectra of unirradiated polymer blend of
(PVA/Gelatin) film:

The FTIR spectrum for synthetic unirradiated polymer blends of
(PVA/Gelatin) were investigated for different ratios and the frequencies
of the absorption bands together with their structural assignments are
listed in Figure.3.7. and table .3.1shows The studied of unirradiated ratios
of (25/75), (50/50) and (75/25) of (PVA/Gelatin) film. The characteristic
absorption peaks in the wavelength ranging 4000-400 cm™ are: The O-H
stretching band in the IR spectrum is by far the most characteristic feature
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of alcohols and phenols. The unirradiated polymer blend (25/75) of
(PVA/Gelatin) film has been showing in( Figure.3.7.A), spectrum gave
very broad and strong band centered at 3600cm™ as the stretching
vibration of hydroxyl group with strong hydrogen bonding as intra-

e (126133139 this band also indicating the presence of

and/or intertyp
hydroxyl group with polymeric association and a secondary amide. Also
this broad band is overlaps the N—H stretching in the same region ®**. A
weak band appeared at 2300cm™ is the characteristic bands of symmetric
C—H stretching .C, C triple bond band are appeared at 2132.88 cm™. The
stretching vibration bands of carboxylate anion COO" showed at 1708.62
cm™, indicating the esterification of polymer blend of (PVA/Gelatin) film

(138) \weak band O—H wagging was found at 650cm™ @29,

FTIR spectrum for selected unirradiated polymer blend ratio (50/50) of
(PVA/Gelatin) film is shown in (Figure.3.7.B) too. The O-H stretching
band in the IR spectrum of unirradiated polymer blend ratio (50/50) of
(PVA/Gelatin) film is centered and observed at 3637.94 cm™. The
band at 2360.44 cm™ was indicating O—H stretching of hydroxyl group.
Symmetric C—H stretching band is present at 2321.87 cm™. A weak
band is observed at 2136.74 cm™ and has been assigned to the
combination frequency of (CH=+CC) this is identical to study found by
LINGA et al., (2007) ®*®. The peak at 1729.97 cm™ in the unirradiated
polymer blend ratio (50/50) of (PVA/Gelatin) film spectrum can be
assigned to C=0 stretching vibration peak. This band caused by the ester
bond and carboxyl group in citric acid as the study produced by Rui et
al., (2008) “*¥ Two peaks are presented at 1655.64-1450.07 cm™
assigned to NH, bending vibration and Amide (I11) respectively which
they are the characteristic bands of gelatin **®. Sharp signal at 1097.18
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cm™ is due to C—O—C stretching vibrations were observed. This band is
recognized as crystallization sensitive band, 442143,

FTIR spectrum for unirradiated polymer blend ratio (50/50) of
(PVA/Gelatin) film is also shown in (Figure.3.7.C) too. From this figure
there are different characteristic peaks were observed in the wavelength
ranging 4000-400 cm™ such as: 3630cm™ (OH centered stretching broad
band), 2370.09 cm™(OH stretching), A weak peak presented at 2324.73
assigned to Symmetric C—H stretching band. A Combination frequency
of (CH+CC) observed at 2172.59 cm™ according to study by LINGA et
al., (2007) 9, Carbonyl group C=0 was present at 1752.65 cm™ as
sharp band. C-O-C finger print was appeared at 550cm™ @39,
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Figure.3.7. FTIR of(PVA/gelatin) polymer blend different ratios un
irradiated
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Table 3.1.The Assignment of FTIR Spectra of Absorption
Polymer blend film of (PVA/Gelatin).

Bands

Band position,Cm™ Assignment

3340.1 cm™ O—H stretching vibration

3340.1 cm™ N—H stretching

2908.13 cm™ CH, symmetric stretching

2321.87 cm™ C—H symmetric stretching

2149.16 Cm™ combination frequency of (CH+CC)
2132.88 cm™ C,C triple bond

2136.74 cm™ combination frequency of (CH=+CC)
1708.62 cm™ C=0 Stretching

1455.64-1250.07 cm™

NH; bending vibration

936.96 cm™ CH, rocking
860.88 cm™ C-C stretching vibration
677.99 cm™ O—H wagging
541.19 cm™ C-O-C finger print
3.2.2._Infrared spectra of irradiated polymer blend of

(PVA/Gelatin) film:
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Infrared spectral analysis monitors the vibrational energy levels in
the region of different molecules. The IR spectra for the irradiated
polymer blend ratios (25/75), (50/50) and (75/25) of (PVA/Gelatin)
through Gamma radiation with (5KGy) dose is shown in Figures (8-3)
and Table (1). From the FTIR spectra of irradiated polymer blend ratio
(25/75) of (PVA/Gelatin) in Figure.3.8. at 5KGy , we can conclude that
the produced film had an ester linkage and secondary alcoholic group.
Further, the FTIR results suggest a complete esterification of the of the
carboxylic acid of gelatin. This is consistent to study reported by
Dharmendra et al., (2011) 4%

The FTIR-spectra of irradiated polymer blend ratio (25/75) of
(PVA/Gelatin) at (5KGy) in comparison with the FTIR spectrum for
unirradiated (25/75) blend of PVA/Gelatin Figure.3.8. shows different
remarkable changes were notice .Firstly is the feature in the centered O-H
stretching becomes more broad and strong band after radiated at (5KGy)
of gamma radiation. Secondly, the intensity of the two bands at 2360.44
and 2321.87 cm™ in unirradiated 25/75 blend of PVA/Gelatin increases
at the studied radiation dose (5KGy). It becomes 2370.09 and 2332.05
cm™ which are indicating for O-H stretching and symmetric C-H

stretching respectively 2.

Thirdly, the intensity of C,C triple bond stretching band is
increasing after radiation and shifted to becomes 2171.83 cm™. Fourthly
the peak of stretching vibrational of C=0 which appeared at 1708.62 cm™
were found to be positively changed after radiation and it's also shifted to
the higher side of the spectrum. This also indicating that all carboxyl

groups are esterified 4%,

This phenomena demonstrates that the esterification occurred between

citric acid and Gelatin as well as between citric acid and polyvinyl
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alcohol. Also the esterification occurred more easily between Gelatin and

citric acid than that between polyvinyl alcohol and citric acid %%,

The effect of (5KGy) of gamma radiation on the FTIR spectra of the
studied irradiated polymer blend ratio (50/50) of (PVA/Gelatin) film is
shown in Figure (3-7). As it can be noticed in this figure that O—H
stretching centered band becomes more boarders and strong and shifted to
be 3345.26 cm™. CH, symmetric stretching band at 2908.13 cm™ was
absent. The band at 2360.44 cm™ after radiation is increase and becomes
stronger at 2370.09 cm™ assigned to O—H stretching band.

The symmetric C—H stretching band which present at 2321.87 cm™
were disappeared after radiation. The weak band which observed at
2136.74 cm™ has been increases and shifted to becomes 2171.83 cm™
due to the combination frequency of (CH=+CC) according to LINGA et
al., (2007) %9,

Strong broad band was present at 1745.34 cm™ reason to carbonyl
group C=0. A weak band was appearing at 922.53 cm™ assigned to CH,
rocking,, While C—H stretching was found at 853.56 cm™ . 686.03 cm™
band is observed assigned to O—H wagging “?®.  The band at 563.86
cm arises from C-O-C finger print 4%,

The FTIR spectra of irradiated polymer blend (75/25) of
(PVA/Gelatin) at the applied dose (5KGy) shown in Figure.3.8. with
comparison of unirradiated polymer blend ratio (75/25) of (PVA/Gelatin)
spectra the following data are appeared. There is no change in peaks
observed in the wavelength ranging 3330.62 -868.92 cm™.  The band at
556.55 cm™ was shifted and decrease to 541.92 cm™ assigned to C-O-C

finger print 9.
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Figure.3.8. FTIR PVA/gelatin polymer blend different ratios irradiated
5KGy

3.3. Ultraviolet/visible spectroscopy,(UV/VIS):

3.3.1. Ultraviolet (visible absorption spectroscopic studies):

Optical properties of materials are very sensitive to the transition
from bulk materials to low dimension systems. The good conductor
particles are well known to exhibit a strong change of their optical
properties. The ultraviolet/visible spectroscopy,(UV/VIS) spectra to
different ratio of polymer blend of (PVA/Gelatin) at unirradiated state
and with (5KGy) dose of gamma radiation were investigated. The
synthesis polymer blend ratios were (25/75),(50/50) and (75/25) of
(PVA/Gelatin).

3.3.1.1. UV/VIS spectra of unirradiated polymer blend of
(PVVA/Gelatin) films:

Figure.3.9. displays the UV/VIS spectra of studied unirradiated
polymer blend for different ratios of (PVA/Gelatin).
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The UV/VIS spectra of unirradiated polymer blend ratio (25/75) of
(PVA/Gelatin) an absorption band in the range of 300-320 nm can be
seen. Also another band was observed in the range 250-270 nm. The
obtained absorption band at (300 nm) can be attributed to the high energy
absorption in the UV region and may assigned to [I—I1" transition which
comes from unsaturated bands, mainly C=0 and or C—C, which are

present in the tail-head of the polymer matrix 4",

The sharp absorption edge around 250 nm indicates the semi-
crystalline nature of PVA according to Elashmawi et al., (2009) @49,
Also the band observed at 244 nm Can be attributed to amino acids in

gelatin which assigned to I11—I1" transition .

The UV/VIS spectra of unirradiated polymer blend ratio(50/50) of
(PVA/Gelatin) where, an absorption band in the range 290-300 nm were
observed. This band may assigned to 11—II" transition due to unsaturated
bands, mainly C—O and or C—C, which are present in the tail-head of
the polymer matrix ®*”. The UV/VIS spectra of unirradiated polymer
blend ratio (75/25) of (PVA/Gelatin) were illustrated in Figure.3.9. An
absorption band in the range 300-350 nm can be seen. Also another band
was observed in the range 240-250 nm. The obtained absorption band at
(300 nm) can be attributed to the high energy absorption in the UV region
and may assigned to Il—II" transition which comes from unsaturated
bands, mainly C=0 and or C—C, which are present in the tail-head of the
polymer matrix “?. The sharp absorption edge around 244 nm indicates
the semi-crystalline nature of PVA according to Elashmawi et al.,
(2009) “*®_ Also the band observed at 244 nm Can be attributed to
amino acids in gelatin which assigned to II—I1" transition @9,
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Figure.3.9. UV/VIS. for Unirradiated polymer blends different ratios

3.3.1.2. UV/VIS spectra of irradiated polymer blend of

(PVA/Gelatin) films:
The UV/VIS spectra of irradiated polymer blend different ratios of

(PVA/Gelatin) with (5KGy) dose of gamma radiation are observed in
Figure.3.10. The UV/VIS spectra of irradiated polymer blend ratio
(25/75) of (PVA/Gelatin) at 5KGy dose of gamma radiation illustrated in
Figure.3.10. According to this figure, the absorption band presented at
(290 nm) increased after radiation and becoming (293 nm), this consistent
to Abd El-kader et al., (2000) “*". Also, the intensity of the peak
observed at (244 nm) shifted with increasing to becomes (245 nm)
according to Elashmawi et al., (2009) ““®. Spectra of irradiated polymer
blend ratio (50/50) of (PVA/Gelatin) at the selected dose (5KGy) of
gamma radiation. The observed band at (290nm) shifted and increasing
after radiation to be (293.88nm).

63



Figure.3.10. also performed the UV/VIS spectra of irradiated
polymer blend ratio (75/25) of (PVA/Gelatin) at the selected dose 5KGy
of gamma radiation. From this Figure, the absorption band presented at
(290 nm) is shifted after radiation and becoming (292 nm). Also, the
intensity peak observed at (244 nm) shifted to lower wave length and

becomes (238 nm).
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Figure.3.10. UV/VIS of polymer blends irradiated (5KGy).

3.4. Morpholoqy:
3.4.1. Scanning electron microscopy(SEM):

Scanning electron microscope is a type of microscope that uses high-
energy beam of electrons instead of light to scan surface of a relatively
thick sample. Scanning electron microscope has a resolution of 1 to10

nm. SEM images can be used to study the surface morphology of a
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material. A smooth surface can be distinguished from a rough surface by
visual inspection. Comparatively larger (~1 pum) aggregates of
Nanoparticles at the surface can be observed in the SEM image. SEM
images can be used as a quick method to study the formation of polymer

blend structure @2,

In order to obtain information about the external shape,
microstructure of polymer blend of (PVA/Gelatin) synthesized by
casting method, different films ratios of (PVA/Gelatin) were analyzed
by Scanning electron microscope (SEM). Also, the effect of (5KGy)
doses of gamma irradiation on morphology of the prepared films was
studied by using scanning electron microscope (SEM). The scanning
electron microscope (SEM) recorded for polymer blend of (PVA/Gelatin)

before and after irradiation was displayed in the following data.

3.4.1.1. Scanning electron microscopy of unirradiated
polymer blend of (PVA/Gelatin) film:

The morphology of the polymer blend film of (PVA/Gelatin) before
and after irradiation was investigated by Scanning electron microscope
are been shown in Figures (3.11), (3.12), (3.13), (3.14) (3.15) and (3.16).

Figure.3.11. is presents cross-sectional images of studied
unirradiated polymer blend film ratio (25/75) of (PVA/Gelatin) before
irradiation. It is clear from images that the yield polymer blend film is
homogeneous with a regular in the surface. This may be due to the high
ratio of gelatin than PVA in polymer matrix of blend, also, homogeneity
produced cause of miscibility of polymer blend film of (PVA/Gelatin)
through cross-linking by citric acid as plasticizer.

The scanning electron micrographs of unirradiated polymer blend
film ratio (50/50) of (PVA/Gelatin) as illustrated in Figure.3.12. From

this figure, it was obvious that the upper surface and cross-section of the
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studied polymer blend showed homogeneity between the two miscible of
PVA and Gelatin phases. The surfaces of the blend films were also rough
phase may be due to the two equal percentage of polymer matrix in
unirradiated polymer blend film ratio (50/50) of (PVA/Gelatin).

The scanning electron microscope (SEM) images for unirradiated
polymer blend film ratio (75/25) of (PVVA/Gelatin) are presented in Figure
Figure.3.13. The scanning electron micrographs of unirradiated polymer
blend film ratio (75/25) of (PVA/Gelatin) shows relatively smooth and
homogeneous surface with very sparsely distributed small particles
without any phase separation. The homogeneity of the unirradiated
polymer blend film ratio (75/25) may be due to the heights ratio of PVA
than Gelatin in polymer matrix in presence of citric acid. The regular
dots might be due to Gelatin ratio with the heights ratio of PVA in the

observed blend. This is consistent to Mohammad et al., (2012) ®Y,

ig3.11.PVA/geIatin Plymer blend ig3.12.PVA/geIat oymer

25/75 Unirradiated 50/50 Unirradiated
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75/25 Unirradiated

3.4.1.2. Scanning electron microscopy of irradiated polymer
blend of (PVA/Gelatin) film:

The effect of gamma irradiation dose (5KGy) on the selected
polymer blend film ratio (25/75) of (PVA/Gelatin) is observed in Figure
3.14.

This Figure shows feature films matrix with smooth surfaces. The
observed surface after the irradiation dose (5KGy) becomes more regular
and more homogeneity. This indicates that homogeneity and smoothing
increases by applying the dose of gamma irradiation. In addition, cross-
linking was increasing after irradiation due to presence the binder (citric
acid) between the two miscible polymer in the surface of observing
irradiation polymer blend ratio (25/75) of (PVA/Gelatin) as seen in
Figure .3.14. This is similar to study of (Chitosan/PVA) 2.

The effect of gamma irradiation (5KGy) on the studied polymer
blend film ratio of (50/50) of (PVA/Gelatin) has been demonstrated in
Figure .3.15. The observed images presented regular and more
homogeneous surfaces. Also, images pointed out that the PVA micro
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domains were dispersed within the Gelatin matrix in the polymer blend
film of (PVA/Gelatin) with relatively good interfacial adhesion between
the two components in the selected irradiated polymer blend ratio (50/50)
of (PVA/Gelatin). All these characteristic results obtained can be related
due to effects of gamma dose irradiation. These data are similar to the
study obtained by Zhuang et al., (2002) ¢°2,

The last polymer blend film ratio (75/25) of (PVA/Gelatin) was
exposed to gamma irradiation (5KGy) as other ratios, It could be notced
from scanning electron microscope (SEM) of irradiated polymer blend
film ratio (75/25) of (PVA/Gelatin) in Figure.3.16.the surface of the
sample observed in smooth phase while, the homogeneity increases after
irradiation. Semi regular dots appeared when the film exposed to gamma
irradiation.

We can conclude that, played effective role in surface microstructure
of irradiated samples. Similar results were obtained by luliana et al.,
(2012) %9,
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Figure .3.16.PVA/gelatin Polymer
Blend 75/25 irradiated (5KGy)

3.5. XRD of unirradiated polymer blend of (PVA/Gelatin):

The films based on blends of gelatin and PVA, with fixed
concentration of citric acid (0.1N) macromolecule, produced in the
present work were subjected to X-ray diffraction (XRD) analysis and the

results has been shown in Figures below.
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3.5.1._XRD of unirradiated pure polymer films of (PVA) and
(Gelatin):

Figure .3.17.shows the XRD of pure PVA and Gelatin, from this
figure, the diffraction pattern of PVA sample at, 20 =14°and 19.5°

represents the crystalline phase **¥, while the shoulder represents the
non-crystalline (amorphous) part of PVA sample. The large peak at 20 =
19.5° corresponds to (110) reflection, a plane which contains the

extended planar zig-zag chain direction of the crystallites ®%.

The crystalline phase of this polymer may be regarded as an
amorphous matrix in which small crystallites are randomly distributed.
However, it is
more natural to treat a crystalline region as a certain sufficiently imperfect
crystalline lattice in which the free volume is filled with an amorphous
phase. Sites saturated with crystal defects, which are due to chain folded

crystals, may play the role of an amorphous region “**.
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Figure .3.17.XRD of pure PVA and Gelatin.

3.5.2. XRD of unirradiated polymer blend of (PVA/Gelatin):

The micro structural variations of PVA upon the incorporation of
gelatin were investigated with wide-angle X-ray diffraction (WAXD).
The observed (WAXD) patterns for (PVA/gelatin) blend films are shown
in Figure .3.18.

Irrespective of the ratio and plasticizer, the XRD patterns obtained
were typical of partially crystalline materials, with a characteristic peak at
20 = 20.22°, which is agreeing with the results obtained by ®* working
with pure PVA films. Similar XRD patterns were observed in previous
studies with pure gelatin films and in that for pure PVA films ®* .In a
study dealt with the crystallinity of films obtained from blends of gelatin
and PVA, observed similar XRD spectra for films based on pure gelatin
(26 = 20°) or pure PVA (20 = 22.5°), but observed three prominent peaks
at 20 = 11°, 17° and 35° for the blended films. Similar observations were
found with the crystallinity of pure gelatin films, in which they found a
characteristic peak at 26 = 7° to 8°. This peak corresponded to the
presence of a small amount of triplehelical structure, characteristic of the
rod-like triple helices of collagen®™®, intensity of this peak decreases by
decreasing the amount of gelatin ratio in the polymer blend matrix as
shown in Figure .3.18.These results also show clearly that the gelatin
interacts with the polymer chain, mainly with hydroxyl groups, as
observed in FTIR spectra and decreases the crystallinity with an increase
in its content. The decrease in the crystallinity phase of the
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semicrystalline PVA matrix with gelatin is the result of the local ordering
in the polymeric structure due to complex formation. These crystalline
regions are connected to amorphous regions in which the molecular

chains of the polymer are irregularly folded >,
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Figure .3.18.XRD of unirradiated polymer blend of (PVA/Gelatin)

3.5.3. XRD of irradiated polymer blend of (PVA/Gelatin):

XRD pattern of (PVA/gelatin) after exposing to electron beam

irradiation of gamma rays has been shown in Figure .3.19.

From this figure, the level of crystallinity percentage decreased after
exposed to electron beam irradiation and the ratio of gelatin in the blend
composition increased and the interplanar spacing was found to gradually
decrease after irradiation “*®. The blends with high gelatin
concentration(i.e., less amount of PVA in the blend matrix) showed

adecrease in peak intensity and decrease in width at the half maximum of
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the peak (26 = 20°) which may support the participation of gelatin side
chains in the PVA crystals in the blends®”.

The decreasing of intterplanar spacing which noticed after the
irradiation process of (PVA/gelatin) thin films with different ratios
maybe refer to the increasing of the crosslinking induced in the polymer
network. PVA has a flexible structure which favors close molecular
packing and crystallization and the crystallization of gelatin is due to its
tendency to re-naturation.

In general, decreasing in the intensity of the crystallinity peaks (at 26
= 19.75°) of (PVA/Gelatin) films exposed to electron beam irradiation,

has been observed ®°°,
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Figure .3.19.XRD of irradiated polymer blend of (PVA/Gelatin)
at SKgy

Table (3.2). (PVA/gelatin) polymer blends XRD parameters

before and after irradiation to a dose of 5 kGy gamma rays:

PVA/gelatin | EB dose 20 Intensity
ratio (kGy) (degrees) (cps)
(%)
75/25 0 20.22 118

5 19.13 67
50/50 0 19.92 26

5 20.00 22
25/75 0 20.11 79

5 19.75 84
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3.6.Characterization Of Polymer Nanocomposite Before And After
Expousing To Ionizing Radiation(y-Radiation)

3.6.1. Swelling degree:

3.6.1.1. Swelling of unirradiated nanocomposite films of
(PVA/Gelatin/0.01CuQ):

The swelling degree of unirradiated nanocomposite blended film
ratios (25/75/0.01Cu0), (50/50/0.01Cu0O) and (75/25/0.01Cu0O) of
(PVA/Gelatin/0.01CuQ) were performed by dipping the selected ratios

samples in de-ionized water and with solutions of pH(4) and pH(10) at
different times are mentioned in Figure 3.20, Figure 3.21,and Figure 3.22
Figure 3.20, shows the swelling degree percentages of unirradiated
nanocomposite  film  (25/75/0.01CuQ),  (50/50/0.01CuQO) and
(75/25/0.01Cu0Q) of (PVA/Gelatin/0.01CuO) in de-ionized water. From
the diagram shown in the figure, it is clear that the maximum values of
swelling degree percentages of the studied unirradiated nanocomposite
film ratios were appeared after 2hr of dipping in de-ionized water. The
maximum values swelling degree percentages were (522%, 300% and
251%) for the unirradiated nanocomposite film ratios (75/25/0.01Cu0),
(25/75/0.01Cu0O) and (50/50/0.01CuO) respectively. Then the swelling
degree percentages start gradually to decrease until complete saturation

occurs after 24hr.

75



con L —a (25/75/0.01Cu0)
: —a (50/50/0.01Cu0)
—& (75/25/0.01Cu0)

Swelling (%)

a =] 10 15 0 5

Timedhr.}

Figure .3.20. Swelling degree of unirradiated polymer
nanocomposite

(PVA/gelatin/CuO 0.01) in de-ionized water.

Figure 3.21 illustrated the swelling degree of polymer blend
nanocomposite with ratios (25/75/0.01Cu0Q), (50/50/0.01CuO) and
(75/25/0.01 CuQ) of (PVA/Gelatin/0. 1CuQ), at pH (4). The results
showed high swelling degree percentages were (708%, 503% and 460%)
for the unirradiated ratios (25/75/0.1CuQ) and (50/50/0.01CuO)
(75/25/0.01Cu0Q) then the swelling percentages decreases with increases

time.

]
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Figure .3.21. Swelling degree of unirradiated polymer nanocomposite
(PVA/gelatin/CuO 0.01) pH (4).

Figure 3.22.illustrated the effect of pH (10) on the swelling degree
percentages of unirradiated nanocomposite ratios (25/75/0.01Cu0Q),
(50/50/0.01Cu0) and (75/25/0.01CuQ) of (PVA/Gelatin/0.01Cu0O). The
swelling degree percentages were found to be decrease with increasing
contact time. The higher values of swelling percentages of unirradiated
nanocomposite film ratios reaches 700%, 600% and 630% for the
selected ratios (25/75/0.01Cu0Q) (50/50/0.01Cu0) and (75/25/0.01CuQ).

Swelling (%)

—a (25/75/0.01Cu0)
—a (50/50/0.01Cu0)
—& (75/25/0.01Cu0)

0 5 10 15 20 25
Timedhr.}

Figure .3.22. Swelling degree of unirradiated polymer Nanocomposite
(PVA/gelatin/CuO 0.01) pH (10).

3.6.1.2.Swelling of irradiated nanocomposite films of
(PVA/Gelatin/0.01CuQ):

The swelling degree of irradiated nanocomposite film of
(PVA/Gelatin/0.01CuQ) for different studied ratios (25/75/0.01Cu0),
(50/50/0.01CuQ) and (75/25/0.01CuQ), were carried out at dose of

gamma radiation has been shown in Figure 3.23.

From this Figure, it is obvious that the rate of swelling degree

percentages gradually decreases by increasing dipping time. The
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maximum swelling percentages were achieved after 2hr (220%, 270%
and 625%) for the irradiated ratios (25/75/0.01Cu0), (50/50/0.01Cu0)
and (75/25/0.01Cu0). The obtained data proofed that cross-linking was
present between nanocomposite film ratios due to gamma irradiation also,

of degradation process not observed even after 24hrs.

—(Z5/75/0.01Cu0)
—&—(50/50/0.01Cu)

00 -
—8—(75/25/0.01Cu0)

Swelling (%)
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Figure .3.23. Swelling degree of irradiated polymer Nanocomposite
(PVA/gelatin/CuO 0.01), 5KGy distilled water

The swelling percentages of irradiated nanocomposite film ratios
(25/75/0.01CuQ),  (50/50/0.01Cu0O) and  (75/25/0.01Cu0O) of
(PVA/Gelatin/0.01CuQ) at 5KGy was found to be increases at lower pH
(4) with contact time as performed in Figure 3.24.However, the time of
saturation totally equal with the studied ratios, it was obvious, that the
6hrs is the specific time of saturation. The swelling percentages of the
irradiated ratios shows different maximum values were (700%, 604% and
564%) presented after 6hr for the irradiated ratios (75/25/0.01Cu0),
(25/75/0.01Cu0) and (50/50/0.01CuQ) respectively.
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Figure .3.24. Swelling degree of irradiated polymer nanocomposite
(PVA/gelatin/CuO 0.01) pH (4) 5KGy.

The studied nanocomposite film ratios (25/75/0.01Cu0O),
(50/50/0.01Cu0) and (75/25/0.01Cu0) of (PVA/Gelatin/0.01CuQ) were
exposed to the applied doses (5KGy) of gamma irradiation at higher
pH(10) values shows the same behavior of pH(4) has been shown in
Figure 3.25. The swelling degree of the investigated ratios was observed
a maximum swelling percentages after 8hr as the following (636%, 600%
and 406%) for nanocomposite film ratios (25/75/0.01CuO),
(50/50/0.01CuQ) and (75/25/0.01CuQ) of (PVA/Gelatin/0.01Cu0O) in
case of applied dose (5KGy). Also, the results indicating that there is no

degradation in the observed irradiated nanocomposite ratios.
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Figure .3.25. Swelling degree of irradiated polymer nanocomposite
(PVA/gelatin/CuO 0.01) pH (10) 5KGy.

3.6.1.3.Swelling of unirradiated (PVA/Gelatin/0.1CuQ)
nanocomposite films:

The degree of swelling and solubility of unirradiated nanocomposite
film ratios (25/75/0.1CuQ), (50/50/0.1CuQ) and (75/25/0.1CuO) of
(PVA/Gelatin/0.1CuQ) in de-ionized water and with different values of

pH (4, 10) were investigated in presence of higher ratio of Copper oxide

Nanoparticles. The performed curves are shown in Figures below.

The observed data of swelling degree percentages of unirradiated
nanocomposite film ratios (25/75/0.1Cu0O), (50/50/0.1Cu0O) and
(75/25/0.1Cu0) of (PVA/Gelatin/0.1CuO) in de-ionized water showed
that the swelling degree percentages were increase with increasing of

dipping time to reach a nearly saturation level of water absorption.

After 6hour of immersing unirradiated ratios (25/75/0.1CuQ),
(50/50/0.1Cu0) and (75/25/0.1CuQ) in de-ionized water the higher
values of swelling percentages were presented to be (609%, 400% and

800%) respectively. The swelling percentages obtained in lower values

80



after 8h , which indicting beggaring of saturation and decreases of

swelling percentages as shown in Figure 3.26.

—n— (2575/0.1Cu0)
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Figure .3.26. Swelling degree of unirradiated polymer nanocomposite
(PVA/gelatin/CuO 0. 1) in de-ionized water.

The effect of lower pH (4) for unirradiated nanocomposite film
ratios (25/75/0.1Cu0), (50/50/0.1CuQ) and (75/25/0.1CuQ) is shown in
Figure 3.27., this figure showed similar behavior through ability of
swelling reached to 24hr.; it was obvious that 4hr is the specific time of
saturation with higher swelling percentage. The maximum observed
swelling percentages were (606%, 556% and 653%) respectively for the
unirradiated ratios (25/75/0.1Cu0Q), (50/50/0.1Cu0) and (75/25/0.1CuQ)
of (PVA/Gelatin/0.1CuO).
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Figure .3.27. Swelling degree of unirradiated polymer nanocomposite
(PVA/gelatin/CuO 0. 1) in pH (4).

The degree of swelling and solubility of unirradiated nanocomposite
film ratios (25/75/0.1Cu0O), (50/50/0.1CuO) and (75/25/0.1CuO) of
(PVA/Gelatin/0.1CuQ) at higher value of pH (10) are shown in Figure
4.9.

The obtained results illustrated that 4hr is suitable time of saturation for
the unirradiated ratios (25/75/0.1Cu0), (50/50/0.1CuQO) and
(75/25/0.1Cu0). It was presented also, that the maximum swelling values
are (700%, 600% and 556%) presented after 4hr of dipping the
unirradiated ratios (75/25/0.1Cu0O), (25/75/0.1CuO) and (50/50/0.1Cu0)

respectively.
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Figure .3.28. Swelling degree of unirradiated polymer nanocomposite
(PVA/gelatin/CuO 0. 1) in pH (10).

3.6.1.4. Swelling of irradiated nanocomposite films of
(PVA/Gelatin/0.1CuQ):

Figures (“29, 30, 317-3) depicts the irradiated nanocomposite film
ratios (25/75/0.1CuQ), (50/50/0.1CuO) and (75/25/0.1CuQ) of
(PVA/Gelatin/0.1CuQ) irradiated with gamma ryes dose (5KGy) in de-
ionized water and with different solutions of pH(4) and (10) .

The presented results showed that as Cooper oxide Nanoparticles
content increased the swelling degree value ,whereas solubility value of
irradiated nanocomposite film ratios (25/75/0.1CuQ), (50/50/0.1CuO)
and (75/25/0.1Cu0) of (PVA/Gelatin/0.1CuQ) in de-ionized water and
with different solutions of pH(4) and (10) decreased. This result
illustrates that inter-intra molecular combination is improved by the
presence of interactions between the added nano-size Copper oxide
Nanoparticles and the PVA/Gelatin matrix. This is Compatible with study
by Soon et al., (2012) **®.

Also, the obtained results showed that the studied irradiated
nanocomposite film ratios (25/75/0.1CuQ), (50/50/0.1CuO) and

83



(75/25/0.1CuO) of (PVA/Gelatin/0.1CuQ) have strong ability tend
swelling, due to resistance to soluble in water after immersing for 24

hour. This may be attributed to applied doses of gamma irradiation.

From Figure 3.29.it is clear that the swelling degree of the studied
irradiated nanocomposite film ratios in de-ionized water at (5KGy) was
increases with increasing dipping time till saturation obtained. The higher
values of swelling percentages at (5KGy) are performed after 4hr (640%,
14496 and 50+%) respectively for the irradiated nanocomposite film
ratios (75/25/0.1Cu0), (25/75/0.1CuQ) and (50/50/0.1Cu0O) .
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Figure .3.29. Swelling degree of irradiated polymer nanocomposite

(PVA/gelatin/CuO 0. 1)(5KGy) in de-ionized water.
The maximum swelling degree of irradiated nanocomposite film
ratios (25/75/0.1CuQ), (50/50/0.1CuO) and (75/25/0.1CuQ) of

(PVA/Gelatin/0.1CuO) in pH (4) at (5KGy) obtained after (4hrs) around
(800%, 600% and 900%) respectively which are listed in Figure 3.30.
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Then swelling degree of these studied ratios tends to decrease with less

extent, up to 24 hrs.

The measurement of swelling and solubility for the studied films
plays a key role in determining the degree of combination between the

components of film as well as resistance to water %169,
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Figure .3.30. Swelling degree of irradiated polymer nanocomposite
(PVA/gelatin/CuO 0. 1)(5KGy) at pH (4).

The effect of pH (10) on the irradiated nanocomposite film ratios
(25/75/0.1Cu0), (50/50/0.1Cu0) and (75/25/0.1CuO)of
(PVA/Gelatin/0.1CuO) was investigated in Figure 3.31. From the
obtained curves, it is clear that the swelling degree of the irradiated
nanocomposite film ratios increases with increases contact time. The
irradiated nanocomposite showed maximum values of swelling degree
after 4Hrs were (504%, 402% and 636%) at (5KGy), respectively.
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Figure .3.31. Swelling degree of irradiated polymer nanocomposite

(PVA/gelatin/CuO 0. 1)(5KGy) at pH (10).

3.6.2. FTIR characterization:

3.6.2.1. Infrared spectra of unirradiated nanocomposite
films of (PVA/Gelatin/CuQ):

For further confirmation and investigation of the interaction between

Copper Oxide nano-rods and nanocomposite film of (polyvinyl
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alcohol/Gelatin) matrix, the infrared spectra of nanocomposite films of
(polyvinyl alcohol/Gelatin/CuQ) were studied by FTIR spectroscopy.
Also, the different concentration of Copper Oxide Nanoparticles loaded
on (polyvinyl alcohol/Gelatin) matrix was characterized by FTIR

spectroscopy.

3.6.2.1.1. Infrared spectra of unirradiated nanocomposite

film of (PVA/Gelatin/0.01CuQ):

Figure.3.32 and Table.3.4. Shows the FT-IR absorption spectra of
unirriadiated nanocomposite films ratios of (25/75/0.01Cu0),
(50/50/0.01Cu0Q) and (75/25/0.01Cu0) of (PVA/Gelatin/0.01CuO).

The FT-IR spectra of unirradiated nanocomposite films ratio
(25/75/0.01Cu0O) of (PVA/Gelatin/0.01CuO) showed in (Figure.3.32-A).
From this figure different bands were observed. The band at 3600.26 Cm’
!is assigned to O—H stretching vibration of hydroxyl groups observed in
a strong broad band. Band at 2149.16 Cm™ is generally ascribed to the
combination frequency of (CH+CC) according to “*®.  Carbonyl group
C=0 was present at 1745.34 cm™ . The vibrational absorption peaks of all
metal oxides (M—O) bands were observed with low intensity. As well as
bands in the low frequency range assigned to the loaded CuO
Nanoparticles. The intensity bands at 868.92-708.71 Cm™ attributable to
Cu—O—Cu in plane vibration according to study Ali et al., (2009) ‘%
and Zhanget al., (1999) V.

The peaks at 556.55 and 434.38 Cm™ are attributed to Cu(l1)—O out
of plane vibrations *®.

FTIR spectrum for unirradiated nanocomposite film ratio
(50/50/0.01CuO0) of (PVA/Gelatin/0.01CuO) is shown in (Figure.3.32-B).

The O-H stretching broad band in the IR spectrum is centered and
observed at 3345.26 cm™ (#6192189  The combination frequency of
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(CH+CC) was present at 2171.83 cm™ this is identical to LINGA et al.,
(2007) %9,

The band at 1745.34 cm™ in the unirradiated nanocomposite film
ratio (50/50/0.01CuQ) of (PVA/Gelatin/0.01CuO) spectrum can be
assigned to C=0 stretching vibration peak of carbonyl group. This band
caused by the ester bond and carboxyl group in citric acid as the study
produced by 9.

A weak band is appeared at 936.96 cm™ assigned for CH, rocking,
19 The vibrational absorption peaks of all metal oxides (M—O) bands
were observed with low intensity. In other words, bands in the low
frequency range assigned to the loaded CuO nanoparticles. The intensity
bands at 853.92 Cm™ and 708.71 Cm™ are observed due to CuU—O—Cu
in plane vibration according to 2169,

The peak at 647.99 Cm™ indicates the vibration of Cu (1) —O in
the studied film ®®¥.  The lower intensity band at 503.15 and 427.06 Cm’

! are attributed to Cu(I1)—O out of plane vibrations ‘¢,

(Figure.3.32-C) presented FTIR spectra for unirriadiated
nanocomposite film ratio of (75/25/0.01Cu0) of
(PVA/Gelatin/0.01CuQ). The FTIR spectrum of unirriadiated
nanocomposite film (75/25/0.01Cu0O) of (PVA/Gelatin/0.01CuO) is
shown in (Figure 4.13-C) .This spectrum shows absorption peaks at
around 3421.34 cm™ for (OH centered stretching broad band), at around
2171.83 cm™ for combination frequency of (CH=+CC) “®®.  Carbonyl
group C=0 was present at 1745.34 cm™ as broad band. The intensity
bands at 853.56 Cm™ referring to Cu—O—Cu in plane vibration ¢% %,
The lower intensity band at 548.50 Cm™ assigned to Cu (11)—O out of

plane vibrations .
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Figure .3.32. FTIR spectra of Unirradiatied Nanocomposite film

of(PVA/Gelatin/0.01CuO) .

Table3.4. The Assignment of FTIR Spectra of Absorption

Polymer nanocomposite film of (PVA/Gelatin/CuO).

Bands

Band position,Cm™ Assignment
3345.26 Cm™ O—H stretching vibration
2149.16 Crrl combination frequency of
: m
(CH+CC)
1745.34 cm™ C=0 Stretching
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936.96 cm™ CH, rocking

868.92-708.71 Cm™* Cu—O—Cu in plane vibration
647.99 Cm™ Cu (1) —O vibration
556.55 and 434.38 Cm™* Cu(11)—O out of plane vibrations

3.6.2.1.2. Infrared spectra of irradiated nanocomposite film
of (PVA/Gelatin/0.01CuQ):

The effect of dose of Gamma irradiation on different nanocomposite
film ratios of (PVA/Gelatin/0.01CuQO) were performed by FT-IR

spectroscopy as shown in Figure .3.33 and table 3.4.

The FT-IR spectra of irradiated nanocomposite film ratio
(25/75/0.01Cu0O) of (PVA/Gelatin/0.01Cu0O) at 5KGy illustrated in
(Figure .3.33 -A)

Comparison with unirradiated nanocomposite film ratio of
(25/75/0.01Cu0) of (PVA/Gelatin/0.01CuO) obtained same characteristic
peaks were observed in the wavelength at 3345.26-2149.16 cm™. While
the band presented at 1745.34 cm™ which assigned to Carbonyl group
was shifted after radiation to lower wave number 1737.29 cm™ due to the
stretching C=0 ®*® may be due to the breaking of hydrogen bonds as a
result of irradiation treatment. The bands in the low frequency range
which indicating the loaded CuO Nanoparticles to (PVA/Gelatin) film.
The intensity bands at 868.92-708.71 Cm™ attributable to Cu—O—Cu in
plane vibration according to study %' with no change in their wave

number.
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The effect of (5KGy) dose of gamma radiation on the FTIR spectra of the
studied irradiated nanocomposite film ratio (50/50/0.01CuQ) of
(PVA/Gelatin/0.01Cu0O) is shown in (Figure.3.33 -B).As it can be
illustrated in (Figure 4.14-B)that O—H stretching centered band becomes
more boarder. The intensity band at 2171.83 cm™ after radiation at
(5KGy) decrease and becomes 2149.16 cm™ Strong broad band was
present at 1745.34 cm™ reason to carbonyl group. Cu—O—Cu stretching
band appeared at 853.92 Cm™

The FTIR spectra of irradiated nanocomposite film (75/25/0.01CuQ)
of (PVA/Gelatin/0.01CuO) at the selected dose 5KGy showed in (Figure
.3.33 -C)with comparison this spectrum with unirriadiated nanocomposite
film (75/25/0.01CuQ) of (PVA/Gelatin/0.01CuO) nanocomposite film
spectra, the bands at wave number 3421.34 -2171.83 cm™ are the same
after 5KGy dose of gamma radiation. The absorption band observed at
1745.34 cm™ were shifted towards lower wave number to becomes
1729.97 cm™ due to the breaking of hydrogen bonds as a result of
irradiation treatment assigned to stretching C=0 ®®®.  CH, rocking was
presented after (5KGy) dose of radiation at 922.33 cm™ @ The
intensity band at 853.56 Cm™ does not affected by(5KGy) dose of
radiation referring to Cu—O—Cu in plane vibration ****”. The band at
548.50 cm™ was shifted and increase to 556.55 cm™ assigned to Cu(l1)—

O out of plane vibrations ®°°.




Figure .3.33. FTIR spectra of irradiatied5KGy Nanocomposite film of
(PVA/Gelatin/0.01Cu0)

3.6.2.1.3. Infrared spectra of unirradiated nanocomposite
film of (PVA/Gelatin/0.1CuQ):

The effects of higher concentration of CuO nanoparticles loaded on

polyvinyl alcohol/gelatin matrix were investigated by FT-IR analysis.
The interaction between higher concentration of CuO nanoparticles and

polyvinyl alcohol/gelatin films are displayed in Figure .3.34and table 3.4.

The FT-IR spectra of unirradiated nanocomposite film ratio of
(25/75/0.1Cu0) of (PVA/Gelatin/0.1CuO) illustrated in Figure (Figure
.3.34-A)From this figure it can be seen that the O—H stretching vibration
of hydroxyl groups observed in a strong broad band at 3652.06 Cm™
Where the combination frequency of (CH=+CC) band presented at
2171.83 Cm™ ¥ Carbonyl group C=0 was present at 1745.34 cm™ .
The band at 914.28 cm™ assigned to CH, rocking %%,

Also Figure (Figure .3.34-B)shows the FTIR spectrum for
unirradiated  nanocomposite  film  ratio  (50/50/0.1CuO)  of
(PVA/Gelatin/0.1Cu0).

The broad and strong centered band is observed at 3634.95 cm™

corresponding to the O-H stretching frequency (20162163) The

92



combination frequency of (CH+CC) was appeared at 2171.83 cm™, where
this is identical to *%®.

The band at 1745.34 cm™ in the IR spectrum of unirradiated
nanocomposite film ratio (50/50/0.1CuO) of (PVA/Gelatin/0.1CuO)
spectrum can be assigned to C=0 stretching vibration peak of carbonyl
group. This band caused by the ester bond and carboxyl group in citric
acid 9. The vibrational absorption peaks of all metal oxides (M—O)
bands should be observed in low intensity. In other words, bands in the
low frequency range assigned to the loaded CuO Nanoparticles in studied
produced films. The intensity bands at 853.56 Cm™ and 548.50 Cm™ are
observed due to Cu—O—=Cu in plane vibration and to Cu(l11)—O out of
plane vibrations according to (:2616116%)

(Figure.3.34-C) shows the FTIR spectra of unirriadiated
nanocomposite film ratio (75/25/0.1CuQ) of (PVA/Gelatin/0.1CuO).
This figure illustrated the FTIR spectrum of unirriadiated nanocomposite
film ratio (75/25/0.1CuQ) of (PVA/Gelatin/0.1CuO). This spectrum
shows absorption peaks at around 3634.95 cm™ assigned to O—H
centered stretching broad band. The combination frequency of
(CH=+CC) was not observed. Carbonyl group C=0 is presented at
1745.34 cm™. The lower intensity bands at 1517.09 Cm™ and at 1013.78
Cm™ were appeared as a new bands attributed to symmetric stretching

modes (Cu—0 ) ®7,

(75/25/0.1)-C

(50/50/0.1)-B
(25/75/0.1)-A




Figure .3.34. FTIR spectra of Unirradiatied Nanocomposite film  of
(PVA/Gelatin/0. 1CuQ)

3.6.2.1.4.Infrared spectra of irradiated nanocomposite film
of (PVA/Gelatin/0.1CuQ):

FTIR is of importance to study the molecular structure. The width

and intensity of spectral bands as well as position of peaks are all
sensitive to environmental changes and to conformations of
macromolecule on molecular level. Thus, FTIR spectra have been done
for  irradiated  nanocomposite  film  of  different  ratios
(PVA/Gelatin/0.1Cu0Q) as shown in Figure .3.35.

The FT-IR spectra of irradiated nanocomposite film ratio
(25/75/0.1Cu0) of (PVA/Gelatin/0.1CuO) at 5KGy illustrated in (Figure
.3.35-A) In case of irradiation at 5KGy as in (Figure .3.35-A) the FTIR
spectra of irradiated nanocomposite film ratio (25/75/0.1CuQ) of
(PVA/Gelatin/0.1Cu0O) was shifted to the higher side of the spectrum.
O—H centered stretching broad band becomes less boarder and sharp
also increased to a 3619.59 cm™ after 5KGy dose of irradiation. A new
band appeared after 5KGy dose of irradiation at 2346.87 cm™ assigned to
symmetric C—H stretching “®. While the bands at 2171.83 Cm™,
1745.34 cm™ and at 533.14 Cm™ are absent in case of 5KGy dose of
gamma irradiation. The new peak presented at 1516.36 cm™ after

irradiation may be attributable to symmetric stretching modes (Cu—O)
(167)
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FTIR spectra for the ratio(50/50/0.1CuO) of (PVA/Gelatin/0.1CuO)
at 5KGy ,has been shown in (Figure .3.35-B), from this figure we can
observe that O—H band becomes more boarder and strong also shifted to
be 3650.91 cm™ after radiation with gamma rays . The intensity band at
2171.83 cm™ after radiation at (5KGy) decrease and becomes 2163.79
cm, the band appear at 1750.72 cm™ refers to carbonyl group®®.

The FTIR spectra of irradiated nanocomposite film (75/25/0.1Cu0)
of PVA/Gelatin/0.1CuQ) at 5KGy dose of gamma radiation showed
(Figure .3.35-C), In case of comparison of this spectrum with unirradiated
nanocomposite film (75/25/0.1CuO) of (PVA/Gelatin/0.1CuO) spectra,
the peak at wave number 3634.95 cm™ is shifted and decrease after 5KGy
dose of gamma radiation to becomes 3626.91 cm™. The absorption band
observed at 1745.34 cm™ were shifted towards lower wave number at
1729.97 cm™ due to the breaking of hydrogen bonds as a result of
irradiation treatment assigned to acetyl group stretching C=0 “%®. The
lower intensity bands at 1517.09 Cm™ , 1013.78 Cm™ and 853.56 Cm™
were absent. The band at 541.19 cm™ assigned to Cu(11)—O out of plane

vibrations was also absent ®¢*,

(75/25/0.1Cu0)-C

(50/50/0.1Cu0)-B

(25/75/0.1Cu0)-A
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Figure .3.35. FTIR spectra of Irradiatied5 KGy Nanocomposite film of
(PVA/Gelatin/0. 1CuQ)

3.6.3.Ultraviolet/visible spectroscopy,(UV/VIS):

3.6.3.1.UV/VIS spectra of unirradiated nanocomposite films
of (PVA/Gelatin/0.01CuQ):

The UVI/VIS spectra of unirradiated nanocomposite film of
(PVA/Gelatin/0.01CuQ) were observed in Figure.3.36. The studied
unirradiated nanocomposite films of (PVA/Gelatin/0.01CuO) films are
(25/75/0.01Cu0Q),  (50/50/0.01CuQO) and  (75/25/0.01Cu0O) of
(PVA/Gelatin/0.01Cu0).

(Figure.3.36-A) shows the absorption spectra of unirradiated
nanocomposite film of (25/75/0.01CuO) of (PVA/Gelatin/0.01CuO).
From this figure it is clear that, an absorption band was visualized at
about (390 nm), which corresponds to I1-11" transition of conjugated
polymer structure. The obtained absorption band might be occurred in a

distorted octahedral environment arising from the intercalation with the
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polymer matrix. The interaction of CuO Nannoparticles into the polymer
matrix significantly affected (red shift) on the main absorption band (280-
390) which gives evidence of strong interaction between the host

structure and the organic polymeric matrix 4°®.

The UV/VIS spectra of unirradiated nanocomposite film ratio
(50/50/0.01Cu0Q) of (PVA/Gelatin/0.01CuO) were carried out as been
shown (Figure.3.36-B) It can be seen from this figure that, an absorption
broad band was presented at about (400-440 nm), which corresponds to
11-11” transition. This due to the strong interaction of CuO Nannoparticles

into the polymer matrix as (red shift) 9.

The UVI/VIS spectra of unirradiated nanocomposite film of
(75/25/0.01Cu0) of (PVA/Gelatin/0.01CuO) were investigated as been
shown (Figure.3.36-C) It can be observed, a strong broad band was
mentioned at range (400-440 nm), which corresponds to I1-11" transition.
This due to interaction of CuO Nannoparticles into the polymer matrix

significantly as (red shift) on the appearing ratio ‘%,
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Figure .3.36. The UV/VIS spectra of unirradiated nanocomposite film
of (PVA/Gelatin/0.01CuO).

3.6.3.2.UV/VIS spectra of irradiated nanocomposite films of
(PVA/Gelatin/0.01CuQ):

The effect of (5 KGy) dose of gamma irradiation on nanocomposite
films of different ratios (25/75/0.01Cu0O), (50/50/0.01CuO) and
(75/25/0.1Cu0O) of (PVA/Gelatin/0.01CuO) were investigated by
measurements of the UV/VIS spectra as displayed in Figure.3.37.

The UVI/VIS spectra of irradiated nanocomposite film ratio
(25/75/0.01CuQ) of (PVA/Gelatin/0.01CuO) has been observed at
(Figure.3.37-A). The studied irradiated nanocomposite ratio
(25/75/0.01Cu0Q) of (PVA/Gelatin/0.01CuQ) was affected by radiation
dose (5KGy), The absorption band which observed at unirradiated same
ratio at (390nm) was shifted to higher wave length after irradiation dose
(5KGy), which increasing the absorption intensity of the peak at (450-
480nm) of red shift. This also, attributed to CuO in polymeric matrix as
study of %9,

The same behavior has been observed in the other irradiated ratios of
polymer nanocomposite (50/50/0.01 CuO) and (75/25/0.01 CuO) which
has been shown in (Figure.3.37-B), (Figure.3.37-C) respectively.

(75/25/0.1)-C

(50/50/0.1)-B
(25/75/0.01g)-A
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Figure .3.37. the UV/VIS spectra of irradiated (5KGy) nanocomposite
film of (PVA/Gelatin/0.01CuO).

3.6.3.3.UV/VIS spectra of unirradiated Nanocomposite films
of (PVA/Gelatin/0.1CuQ):

The UV/VIS spectra of unirradiated nanocomposite films of
(PVA/Gelatin/0.1CuO) were observed in Figure.3.38, while, the studied
unirradiated nanocomposite films ratios of (PVA/Gelatin/0.1CuO) films
are  (25/75/0.1Cu0O), (50/50/0.2CuQO) and (75/25/0.1CuQ) of
(PVA/Gelatin/0.1CuO).

(Figure.3.38-A) displays the UV/VIS absorption spectra of
unirradiated nanocomposite polymeric film ratio (25/75/0.1CuO) of
(PVA/Gelatin/0.1CuO). The UV/VIS absorption spectra of studied
unirradiated film ratio show noticeable absorption peak from (400-
440nm), which were related to the formation of CuO nanoparticles. The
observed peak in this case presented as abroad band, indicating
distributed the higher concentration of CuO nanoparticles in PVA/Gelatin

film matrix 9.

The optical absorption spectrum of polymeric film of unirradiated
nanocomposite films ratio (50/50/0.1CuQ) of (PVA/Gelatin/0.1CuO) was
recorded in the wavelength region from 200 to 900 nm and is shown
in (Figure.3.38-B). The UV  absorption edge for the CuO
nanoparticles in P\VA/Gelatin film matrix was observed to be around 420
nm %9, The yield absorption intensity band dependence on

concentration of CuO and the ratio of PVA to gelatin 7.
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(Figure.3.38-C) represents the absorption spectrum of prepared the
unirradiated nanocomposite films of (75/25/0.1CuO) ratio of
(PVA/Gelatin/0.1CuQ). The spectra of the presented ratio exhibit an
absorption band at around 480nm, which related to high energy
absorption. This band also provides an evidence for the miscibility and
complete distribution of CuO nanoparticles on the selected ratio
(75/25/0.1Cu0O) of (PVA/Gelatin/0.1CuO) film matrix in unirradiated

case. This similar to studies by %9

(75/25/0.1)-C

(50/50/0.1)-B
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Figure .3.38. the UV/VIS spectra of un irradiated nanocomposite film
of (PVA/Gelatin/0. 1CuO).

3.6.3.4.UV/VIS spectra of irradiated Nanocomposite films of
(PVA/Gelatin/0.1CuQ):

Figure.4.20 shows the effect of irradiation dose of gamma radiation

(5KGy) on the higher concentration of CuO Nanoparticles in polymer
matrix of studied ratios.
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The UV/VIS spectra of nanocomposite films of (PVA/Gelatin/0.1CuO)
were observed in Figure.3.39. The studied nanocomposite films of
(PVA/Gelatin/0.1CuQ) ratios are (25/75/0.1CuQ), (50/50/0.1Cu0O) and
(75/25/0.1Cu0). The figures show also the effect of irradiation dose of
gamma radiation on the higher concentration of CuO Nanoparticles in

polymer matrix of studied ratios.

In order to investigate the effect of the selected dose (5KGy) of
gamma irradiation on the presented ratio of (25/75/0.1CuQ) of
(PVA/Gelatin/0.1Cu0), the UV/VIS spectrum was measured as been
shown in (Figure.3.39-A). From the observed UV/VIS spectra of related
ratio a strong and broad absorption intensity peak at (450nm). This
indicating, that during irradiated the studied ratio of (25/75/0.1Cu0) of
(PVA/Gelatin/0.1CuO) by the applied dose (5KGy) the loaded CuO
Nanoparticles in prepared sample were speared on texture of polymeric

matrix. This is consistent to Wael et al., (2012) .

(Figure.3.39-B) show the UV/VIS absorption spectra of irradiated
nanocomposite  polymeric  film ratio  (50/50/0.1Cu0) of
(PVA/Gelatin/0.1CuQ) ratio at (5KGy). The UV/VIS absorption spectra
of studied ratio show a shoulder absorption abroad band at 400nm which
were related to the formation of CuO nanoparticles in (PVA/Gelatin) film

matrix after radiation. This accordance to ‘%9

(Figure.3.39-C)illustrated the UV/VIS absorption spectra of
irradiated nanocomposite polymeric film ratio (75/25/0.1CuO) of
(PVA/Gelatin/0.1Cu0O) at (5KGy). The UV/VIS absorption spectra of
studied ratio show absorption abroad band at 441nm .The
corresponding band is also related to the formation of CuO nanoparticles
in PVA/Gelatin film matrix after radiation. This accordance to Wael et
al., (2012) %9,
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Figure .3.39. The UV/VIS spectra of irradiated (5KGy) nanocomposite
film of (PVA/Gelatin/0. 1CuO).

3.6. 4. Morphology:
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3.6. 4.1. Scanning electron microscopy:

3.6.4.1.1.Scanning electron microscopy of unirradiated
nanocomposite films of (PVA/Gelatin/0.01CuO):

The morphology of nanocomposite films of (PVA/Gelatin/0.01CuQ)
inserts was studied through the analysis of images obtained by scanning
electron microscope (SEM) for the nanocomposite films ratios
(25/75/0.01Cu0Q), (50/50/0.01Cu0O) and (25/75/0.01CuQ) before
irradiation displayed in Figures showed below.

Figure.3.40.represents the scanning electron microscope (SEM)
images of studied unirradiated nanocomposite films ratio
(25/75/0.01Cu0) of (PVA/Gelatin/0.01CuQ). The observed image shows
smooth surfaces and homogeneous of films samples. The images showed
also small particles in surface. These small particles may be due to
undistributed CuO nanoparticles on the surface during the preparation of
film sample.

The CuO nanocomposite distribution in the surface and cross section
of the yielding unirradiated nanocomposite films ratio (50/50/0.01Cu0)
of (PVA/Gelatin/0.01CuO) was detected by employing scanning electron
microscope (SEM) images and presented in Figure.3.41.The observed
SEM images of selected ratio shows flat sheet film, while, CuO
nanoparticles dispersed uniformly in polymer bulk. Also, the images
presented CuO nanoparticles as small white particles.

SEM images of unirradiated nanocomposite films ratio
(75/25/0.01Cu0O) of (PVA/Gelatin/0.01CuO) were depicts in
Figure.3.42.These images showed that the surface was smooth,
continuous and in homogeneous case. An image shows also regular small
pores on the surface, it might be of low concentration of gelatin. Also, the

CuO nanoparticles were distributed in the surface of polymer matrix.

103



BB86 . J5M-S5EaLY
2 ' ;

Figure .3.40. SEM(25/75/0.01CuO) Figure .3.41.
SEM(50/50/0.01C

oyt o
: 28 588 K
i |

Figure .3.42. SEM (75/25/0.01Cu0)

3.6.4.1.2.Scanning electron microscopy of irradiated
nanocomposite films of (PVA/Gelatin/0.01CuQO):
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Figures.3.43, 44and 45 performed the effect of gamma irradiation
dose on the different ratios of nanocomposite films of
(PVA/Gelatin/0.01CuO) with SEM.

To investigate the effect of gamma irradiation dose(5KGy) on
observed  nanocomposite  films  ratio  (25/75/0.01CuO)  of
(PVA/Gelatin/0.01Cu0), the scanning electron microscope (SEM) was
determined as been shown in Figure.3.43

The produced images reveal an unusual microstructure of CuO
nanoparticles in low concentration filled polymer matrix composite. In
other words, the small particles size of CuO nanoparticles in surface were
distributed completely on all of the surfaces in regular behavior due to
effective of the used dose of gamma irradiation. This is accordance to
study of Denice et al., (2010) **?. The scanning electron microscope
(SEM) images in Figure.4.24 showed that inserts surface becomes
smooth and more homogeneous.

However, the irradiated nanocomposite films ratio (50/50/0.01CuO)
of (PVA/Gelatin/0.01CuO) through gamma irradiation dose (5KGy) was
analyzed by using scanning electron microscope (SEM). The results of
irradiation are observed in Figure.3.44.SEM images in case of (5KGy)
dose irradiation showed more homogeneity and smooth on the surface of
irradiated film sample as been shown in Figure.3.45. The images
appearance distribution of CuO nanoparticles in upper surface of polymer
matrix of studied ratio irradiated nanocomposite films ratio
(50/50/0.01Cu0O) of (PVA/Gelatin/0.01CuO).

No phases separation was observed, indicating good compatibility
between insert matrix and CuO nanoparticles 4.

The same irradiated nanocomposite films ratio (75/25/0.01CuQ) of
(PVA/Gelatin/0.01CuO) was exposed to gamma irradiation dose of
(5KGy).
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The irradiated film was investigated by scanning electron
microscope (SEM) to note any changes on the surface of studied film,
this has been shown in Figure.4.26. SEM images of irradiated samples
display changes in surface, where the pores are homogeneously
disappeared completely and surface becomes more smoothing. Also,
images showed complete distribution of CuO nanoparticles on the surface
of irradiated nanocomposite films ratio (75/25/0.01CuQO) of
(PVA/Gelatin/0.01Cu0).

These observed results proved that smooth, homogeneity,
disappearing of pores and distribution of CuO nanoparticles on the

surface increases by exposing the nanocomposite films to the dose of
(145)

gamma irradiation
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Figure .3.45. SEM(75/25/0.01CuO) Irradiated

3.6.4.1.3.Scanning electron microscopy of unirradiated

nanocomposite films of (PVA/Gelatin/0.1CuO):
The morphological analysis of unirradiated nanocomposite films of

(PVA/Gelatin/0.1CuO) was carried out using a scanning electron
microscope (SEM). SEM was carried out to investigate different factors
such as distribution, the higher concentration of CuO Nanoparticles

behavior, homogeneity, smooth and continuous on the surface films. The
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studied unirradiated nanocomposite films ratio was (25/75/0.1Cu0Q),
(50/50/0.1Cu0Q) and (75/25/0.1Cu0O) of (PVA/Gelatin/0.1CuO).

Scanning electron microscope (SEM) images of unirradiated
nanocomposite films ratio (25/75/0.1CuQ) are presented in Figure.3.46.
The photomicrographs of the films obtained by SEM for the upper
surface and cross-section showed homogeneity between CuO
nanoparticles and (PVA/Gelatin) phases with pores observation. A
similar effect observed in study Denice et al., (2010) ®*?.  Also, the
surface becomes smooth and continuous.

Scanning electron microscope (SEM) images in Figure.3.47. Was
recorded for unirradiated nanocomposite films ratio (50/50/0.1CuO) of
(PVA/Gelatin/0.2CuQ). It could be seen from the observed images that
the surface characterizes by smooth homogeneity with regular pores.
Homogeneity indicated the miscibility of CuO nanoparticles with
(PVA/Gelatin) matrix.

The SEM images of unirradiated nanocomposite films ratio
(75/25/0.1CuO) of (PVA/Gelatin/0.1CuO) were observed in Figure.3.48.
SEM images showed that the surface was rough, continuous and in
homogeneous phase. The rough phase might be due to low concentration
of gelatin. Images shows also an regular distribution of CuO

nanoparticles in the surface of polymer matrix.
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Figure .3.46. SEM(25/75/0. 1CuO)Unirradiated Figure.3.47.SEM(50/50/0.
1CuO)Unirradiated

@ JSM-5586LY

Figure.3.48.SEM(75/25/0. 1CuO)Unirradiated

3.6.4.1.4.Scanning electron microscope of irradiated
nanocomposite films of (PVA/Gelatin/0.1CuQ):

Figure.3.49 show the cross-section view of the irradiated
nanocomposite films ratio (25/75/0.1CuQ) of (PVA/Gelatin/0.1CuQ)

when it is exposed to dose of gamma irradiation (5KGy). The cross-
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section structure clearly indicates the role of the gamma irradiation. At
(5KGy) dose the observed surface was more homogeneity, smooth and
absence of pores. Agumirlation of nano copper particles has been noted

as white particles.

Gamma irradiation dose effect applied to the selected irradiated
nanocomposite films ratio (50/50/0.1CuQ) of (PVA/Gelatin/0.1CuQ)
were carried out through Scanning electron microscope (SEM) and
illustrated Figure.3.50. The SEM images at (5KGy) shows homogeneity
surface with distribution of CuO nanoparticles on the surface. The yield
surface has smooth phase as in Figure.3.50.

The selected irradiated nanocomposite films ratio (75/25/0.1CuQ) of
(PVA/Gelatin/0.1CuO) was exposed to gamma irradiation dose of
(5KGy).

The irradiated nanocomposite thin film at (5KGy) was followed by
scanning electron microscope (SEM) to determine any changes on the
surface of studied film, this has been shown in Figure.3.51.SEM images
of irradiated samples display changes in surface, where the surface
becomes homogeneously, smoothing in case of (5KGy), While CuO
nanoparticles were distributed completely in shape of regular groups of

white tall thin sticks on the surface presented in Figure.3.51.
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Figure.3.51SEM (75/25/0. 1CuO) Irradiated

3.6.4.2.X-ray diffraction:

The X-ray diffraction characterization of CuO nanoparticles,
unirradiated nanocomposite films of (PVA/Gelatin/CuO) for the studied
ratios (25/75/0.01Cu0), (50/50/0.01Cu0Q) and (75/25/0.01CuO) and with
higher concentration of CuO nanoparticles of nanocomposite ratios
(25/75/0.1Cu0), (50/50/0.1Cu0) and (75/25/0.1CuQ) were carried out to
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determine the variation in structure and crystallinty percent as a result of

irradiation, polymer content and CuO Nanoparticles dose content.

3.6. 4.2.1. X-ray diffraction of CuO nanoparticles:

Figure.3.52.represents the XRD pattern of the typical sample
of CuO nanoparticles. All the peaks on the XRD pattern can be
indexed to that of monoclinic CuO according to the literature ®™V. The
detailed analysis of the XRD and the assignments of various reflections

are given in the Table (3-5).

X-ray diffraction graph Figure.3.52 indicated that all the CuO
nanoparticle samples had strong crystalline structure. Intensity of the
XRD peak at 2353K was higher than 2214K and 697K. It was suggestive
that at higher reactor temperature, stronger crystalline structures were
obtained. Also, the XRD pattern of the CuO nanoparticle shows stronger
three peaks observed at 20= (35.45, 38.67 and 48.69). This study is
identical with Huaet al, (2002) 472,

Table 3.5.The strongest peaks observed in XRD Pattern of CuO

nanoparticle:

NO. | Peak no. |20(deg) |d (A% | FWHM(deg) Intensity (count)
1 2 35.45 2.53 0.245 1448

2 3 38.67 2.32 0.238 1405

3 4 48.69 1.8 0.225 410
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Figure.3.52. XRD pattern of CuO Nanoparticles powder.

3.6.4.2.2. X-ray diffraction of unirradiated Nanocomposite

films of (PVA/Gelatin /0.01CuQ):

The X-ray diffraction characterization of unirradiated
nanocomposite films ratios (25/75/0.01Cu0O), (50/50/0.01CuO) and
(75/25/0.01CuQ) of (PVA/Gelatin/0.01CuO) were carried out as been
shown in Figure.3.53.and Table.3.6.

113



(Figure.3.53-A) shows the X-ray diffraction patterns of unirradiated
nanocomposite film ratio (25/75/0.01CuO) of (PVA/Gelatin/0.01CuO).
From this Figure, the observed peak at 26= (20) represent the crystalline
phase. The main peak at about at 26= (20) corresponds to the 110
reflection; a plane which contains the extended planner-zigzag chain
direction of the crystallinites these peaks have resulted from the part
crystallinity in polymer chain molecule. This crystallinity is a result of
strong intermolecular and intra-molecular hydrogen bonding between the

polymer molecular chains "%,

It is well known that the sharpness of the main peak in the XRD
patterns reflects the higher crystallinity (i.e. lower amorphous content) for

the sample ¢,

Also, the observed peak X-ray diffraction of unirradiated
nanocomposite film ratio (25/75/0.01CuQ) of (PVA/Gelatin/0.01Cu0),
indicating a large distance between CuO nanoparticles layer in polymer
matrix. This behavior corresponds to the intercalation of large size of
PVA/Gelatin molecular material “’®. Also, this shift corresponds to an
expansion of the layer spacing which indicate some reorganization of
PVA/Gelatin in the intercalate “’®. Peak appear at 2Theta 12 need

comment which represent peak of glatin.(mustafa)

The X-ray diffraction of unirradiated nanocomposite film ratio
(50/50/0.01Cu0O) of (PVA/Gelatin/0.01CuQ) is shown in (Figure.3.53-B)
The peak of XRD pattern of unirradiated nanocomposite film ratio was
observed at 20 =20.25 represent the crystalline phase. crystallinity is
evidence of strong intermolecular and intra-molecular hydrogen bonding
between the polymer molecular chain “®®**¥) From a general point of
view the diffraction patterns of unirradiated hybrid composite film ratio
(50/50/0.01Cu0O) of (PVA/Gelatin/0.01CuO) show the presence of broad
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peak at 20 =20.00". This value of the peak and Intensity peak are lower.
The reason of that is due to the interaction of CuO nanoparticles hybrid
with PVA/Gelatin matrix *’®. Peak of gelatin at 2 theta =12 disappeared,

this may be due to equal amounts of gelatin an PVA (mustafa).

(Figure.3.53-C) illustrated the XRD pattern of unirradiated
nanocomposite film of (PVA/Gelatin/0.01CuO) for the appearance ratio
(75/25/0.01CuQ). From the observed curve of the diffraction patterns of
unirradiated nanocomposite film (75/25/0.01CuQ), it is clear that
presence of broad lower peak at 20 =20.50 . The reason of lower values
of peak and Intensity is due to the interaction of CuO nanoparticles
hybrid with PVA/Gelatin matrix *"®. The 26 peaks and their intensities
were shown in table (3). Peak appear at 2Theta 12 need comment which

represent peak of glatin.(mustafa)

1200 - C-(75/25/0.01g CuO)

NA_A//\““\__‘\ B-(50/50/0.01g CuO)

A-(25/75/0.01g CuO)

Intensity

600 -

0

1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
2Theta

Figure.3.53. X-Ray diffraction of unirradiated nanocomposite film  of
(PVA/Gelatin/0. 01CuO).

3.6.4.2.3. X-ray diffraction of irradiated Nanocomposite
films of (PVA/Gelatin /0.01CuQ):
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The effect of dose of gamma irradiation on studied nanocomposite
films of (PVA/Gelatin/0.01CuO) of different ratios were also investigated
using X-ray diffraction characterization.
The X-ray diffraction of irradiated nanocomposite film ratio
(25/75/0.01Cu0Q) of (PVA/Gelatin/0.01CuO) at 5KGy dose of gamma
irradiation was investigated as in (Figure.3.54-A). One can see clearly
that the obtained main peak of irradiated nanocomposite film ratio
(25/75/0.01CuQ) of (PVA/Gelatin/0.01CuQ) at 5KGy becomes weaker
and broader at (20) 19.38", due to effect of the applied dose of gamma
irradiation. Also, the broadening of the peaks indicates that the crystal
size of CuO nanoparticles become small *’?. Peak of gelatin at 2 theta

=12 becomed more intense in case of radition.

The observed peak shifted to lower intensity due to intercalation
between CuO nanoparticles and PVA/Gelatin polymer matrix in the
selected irradiated nanocomposite film ratio (25/75/0.01CuO) of
(PVA/Gelatin/0.01Cu0) ¢,

(Figure.3.54-B). shows the X-ray diffraction of irradiated
nanocomposite film (PVA/Gelatin/0.01CuQ) for the selected ratio
(50/50/0.01CuO) at irradiation doses (5KGy) of gamma irradiation. From
these Figure; the peaks of 20 and peak intensities decreases by applying
the applied dose of gamma irradiation, also the observed peaks become
more boarder than that presented in unirradiated case. The presented
peaks 20 were at 19.46 . This indicating the above results of decreasing
peak 20, peak intensity and crystalline size by applying the dose of

irradiation "2

(Figure.3.54-C) shows the X-ray diffraction analysis pattern of
nanocomposite film ratio (75/25/0.01CuO) of (PVA/Gelatin/0.01CuO) at
irradiation dose 5KGy of gamma irradiation.
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The yielding Figures observing the X-ray diffraction of irradiated
nanocomposite film ratio (75/25/0.01CuO) of (PVA/Gelatin/0.01CuO) at
(5KGy) dose of gamma irradiation. From these Figure the peak of 20
become weaker and more boarder at (5KGy) equal 19.94", . This it might
be due to increasing of PVA ratio produced in crystalline phase in
polymer matrix ®. Peak of gelatin at 2 theta =12 become more broader,

and less intense .

i J\’//\\N\*-—\ C-(75/25/0.01g CuO)
M//\\‘“Mv. B-(50/50/0.01g CuO)

A-(25/75/0.01g CuO)

Intensity

1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90
2Theta

Figure.3.54. X-Ray diffraction of irradiated nanocomposite film of
(PVA/Gelatin/0. 01CuO).

3.6.4.2.4. X-ray diffraction of unirradiated Nanocomposite
films of (PVA/Gelatin /0.1CuQ):

The X-ray diffraction technique of the produced unirradiated
nanocomposite films ratios (25/75/0.1CuO), (50/50/0.1CuQO) and
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(75/25/0.1Cu0O) of (PVA/Gelatin/0.1CuO) were performed and illustrated
in Figure.3.55.

(Figure.3.55-A) shows the X-ray diffraction of unirradiated
nanocomposite films ratio (25/75/0.1CuO) of (PVA/Gelatin/0.1CuO).
The diffraction patterns peak at about 20 =20.08 represents the crystalline

phase @V,

The presented peak of unirradiated nanocomposite films ratio
(25/75/0.1CuO) of (PVA/Gelatin/0.1Cu0O) was weaker and broader at 26
=20.08". In other, words increasing of CuO nanoparticles in
(PVA/Gelatin) matrix leading to decreasing of peak intensity. This is may
be due to the interaction between PVA/Gelatin and CuO nanoparticles
lead to the decreaseing of the intermolecular interaction between
(PVA/Gelatin) chains and thus the crystalline degree %®,

(Figure.3.55-B) shows the XRD pattern of unirradiated
nanocomposite film ratio (50/50/0.1CuQ) of (PVA/Gelatin/0.1Cu0). It
can be seen clearly from these Figures, presence of broad peak illustrating
splitting behavior into three peaks at about 20 =11.58", 25.08" and 20.62".
The peaks are corresponding to the (001) reflection for CuO
nanoparticles, PVA and gelatin respectively. The broadening and splitting
behavior increases and became more pronounced with increasing gelatin
content. The presence of this behavior in unirradiated nanocomposite film
ratio (50/50/0.1CuQ) of (PVA/Gelatin/0.1CuQ) suggested that the hybrid
composites have low crystallinity with bi-dimensional structure as

compared with above results composites 2.

(Figure.3.55-C) gives the XRD curves unirradiated
nanocomposite film ratio (75/25/0.1CUQ) of (PVA/Gelatin/0.1CuO).
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The only crystalline phase was determined at the observed peak of
20 =20.42" for unirradiated nanocomposite film ratio (75/25/0.1CUOQ) of
(PVA/Gelatin/0.1CuO).

This crystallinity is a result of strong intermolecular and intra-

molecular hydrogen bonding between the polymer molecular chains 2.

The XRD pattern of unirradiated nanocomposite film ratio
(75/25/0.1CUQ) of (PVA/Gelatin/0.1CuO) observed a weaker and
boarder peak at 26=20.42". However, the observed peak of 20 decreases
by additional of CuO nanoparticles to polymer matrix, of the studied

ratio.

,/\.//\‘N"WH\N C~(75/25/0.1g CuO)

Intensity

~ B-(50/50/0.1g CuO)

V,‘J»//\"“W X A-(25/75/0.1g CuO)

L] L] L] L] L] L] L] L]
0 10 20 30 40 50 60 70 80 90
2Theta

Figure.3.55. X-Ray diffraction of un irradiated nanocomposite film  of
(PVA/Gelatin/0. 1CuO).

Table3.6. The strongest peaks observed in XRD Pattern of
nanocomposite film of (PVA/Gelatin/0.01CuQO) for different ratios.

Intensity

Sample case 26(deg) | d (A) | FWHM(deg) (count)
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25/75/0.01CuO | OKGy |20.00 456 |0.00 66
25/75/0.01CuO |5KGy |19.38 457 10.00 67
50/50/0.01CuO | OKGy |20.25 453 | 2.76 95
50/50/0.01CuO | 5KGy |19.46 455 |2.38 54
75/25/0.01CuO | OKGy |20.50 457 |1.88 119
75/25/0.01CuQO |5KGy |19.94 444 |2.48 116

3.6.4.2.5. X-ray diffraction of irradiated Nanocomposite
films of (PVA/Gelatin /0.1CuQ):

The X-ray diffraction technique of the casted films was used to

determine the variations in structure and crystallinity percent exists as a
result of different treatments such as irradiation and CuO nanoparticles

addition to the polymer.

Compositional  determination of nanocomposite films ratios
(25/75/0.1Cu0), (50/50/0.1Cu0) and (75/25/0.1Cu0O) of
(PVA/Gelatin/0.1CuQ) after exposed to dose gamma irradiation were
characterized by wide angle X-ray diffraction analysis. The results of X-

ray diffraction analysis were presented in Figure.3.56.

The X-ray diffraction patterns for irradiated nanocomposite films ratio
(25/75/0.1Cu0O) of (PVA/Gelatin/0.1CuQ) at radiation dose (5KGy) of

gamma irradiation are given in (Figure.3.56-A)

The irradiated nanocomposite films ratio (25/75/0.1CuQ) of
(PVA/Gelatin/0.1Cu0) at 5KGy shows peaks at 20 = 20.28". Also, as a
result of irradiation, the intensity of diffraction pattern at 20 decreases

gradually by applying irradiation dose @,
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The XRD pattern of the of irradiated nanocomposite film ratio
(50/50/0.1CuO) of (PVA/Gelatin/0.1CuO) at the applied dose of gamma
irradiation was determined by X-ray diffraction analysis as shown in
(Figure.3.56-B) The XRD pattern of irradiated nanocomposite film ratio
(50/50/0.1Cu0) of (PVA/Gelatin/0.1CuQ) at the selected dose (5KGy)
presented a broad peak illustrating splitting behavior into three peaks at
about 20 =11.58", and 20.62". The peaks are corresponding to the 001
reflection for CuO nanoparticles, PVA respectively. The broadening and
splitting behavior increases and became more pronounced with increasing
gelatin content, irradiation dose and CuO nanoparticles content. The
presence of this behavior in irradiated nanocomposite film ratio
(50/50/0.1CuO) of (PVA/Gelatin/0.1CuO) suggested that the hybrid
composites have low crystallinity with bi-dimensional structure as
compared with above results composites. The diffraction characteristic
peak of the one dimensional stacking of the CuO nanoparticles is
overlapped as a shoulder within the main broadened peak. Therefore, the
presence of 001 reflection peak for CuO nanoparticles in the XRD pattern
of the irradiated hybrid composites of (50/50/0.1CuO) of
(PVA/Gelatin/0.1CuQ) indicate a layered frame work due to showing
that the lamellar structure of CuO nanoparticles is maintained. This
similar to study Zampronio et al., (2006) *"" (2005) ¢,

(Figure.3.56-C) presented the XRD pattern of irradiated
nanocomposite film ratio (75/25/0.1CuO) of (PVA/Gelatin/0.1CuO) at
(5KGy). From observed Figures view, the diffraction patterns of
irradiated nanocomposite  film ratio  (75/25/0.1CuQ) of
(PVA/Gelatin/0.1CuO) at selected dose of gamma irradiation show

presence of broad peak illustrating splitting behavior into tow peaks at 260
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=11.47", 21.22" . The peaks are corresponding to the 001 reflection for
CuO nanoparticles, PVA and Gelatin respectively.

This indicating that the selected irradiated nanocomposite film ratio
(75/25/0.1Cu0O) of (PVA/Gelatin/0.1CuQ) have low crystallinty with a

bi-dimensional structure as compared with the same ratio blend 7778,

In general, the shifts of the characteristic peak in the patterns of
nanocomposite film of (PVA/Gelatin/CuQ) to lower 20 values indicate
that there is an increase in the interlayer spacing, which is consistent with
the presence of the polymeric species in the matrix. Probably, the increase
in d-spacing is an evidence of the replacement of the weakly bound inter
lamellar water molecules with polymeric species. Although, this is an
indication that the polymeric species lie in the interlayer region. In other
words, the XRD data for CuO hybrid composites confirms the
intercalation of organic polymers into the interlayer of CuO nanoparticles

from the lower angle shifted (001) reflections upon intercalation 719

The increase of d-spacing upon intercalation (interlayer expansion)
IS a consequence of removing one layer of water molecule from the inter

lamellar domain 82,

j\‘/“/\ﬂml , C-(75/25/0.1g CuO)

%JW%. ~ B~(50/50/0.1g CuO)

Intensity

. A-(25/75/0.1g CuO)

i

0 40 80
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Figure.3.56. X-Ray diffraction of irradiated nanocomposite film

(PVA/Gelatin/0. 1CuO).

Table 3.7.The strongest peaks observed
nanocomposite film of (PVA/Gelatin/0.1CuO) for different ratios.

of

in XRD Pattern of

o | FWHM( | Intensit
Sample Case 20(deg) d(A) deg) ( (Qgﬁ?]i') y
5/7501Cu0  |OKGy 2008 [464 000 |2
25/75/0.1Cu0O 5KGy |20.28 4.59 0.00 12
50/50/0.1CuQ OKGy | 20.62 7.63 0.13 142
50/50/0.1CuO SKGy | 20.62 4.65 1.24 28
75/25/0.1Cu0O OKGy |20.42 4.56 0.00 24
75/25/0.1Cu0O 5KGy |21.22 7.70 0.12 518
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3.7. Removal of Eoisn Dye Using Polyme Blend and Nanocomposite:
3.7. 1. Polymer blend:

The behavior of unirradiated and irradiated Polymer blend ratios
(25/75), (50/50), (75/25) of (PVA/Gelatin) at (5) kGy for removal Eosin
Y were investigated as shown in Figure.3.57 and Figure.3.58.

From the obtained results it is obvious that, the removal percentages
increase with increasing time and decrease in presence of irradiation.
Also, results showed that, the polymer blend ratios
(25/75),(50/50),(75/25) of (PVA/Gelatin) gives nearly equal the removal
percentages. The values of removal percentages were (17%, 16%, 15%)
and (15%, 14%, 13%) respectively.
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Figure.3.57. Effect of contact time for removal of Eosin Y dye by

unirradiated 1s- oy, polymer
blend ratios +{ @ (50/50) (25/75),
(50/50) and ¢ (75/25).
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Figure.3.58. Effect of contact time for removal of Eosin Y dye by
irradiated polymer blend ratios (25/75),(50/50) and (75/25) at 5KGy.

3.7. 2. Polymernanocomposite:

3.7.2.1. Effect of time:

The investigation of adsorption rate of Eosin Y onto unirradiated
Polymer nanocomposite ratios (25/75/0.01 CuO), (50/50/0.01 CuO),
(75/25/0.01 CuO) and (25/75/0.1 CuO), (50/50/0.1 CuO), (75/25/0.1
CuO) at constant dose of selected Polymer nanocomposite ratios 0.2 g/L.
The initial dye concentration was 5 mg/L at a pH of (4.0).

Samples were withdrawn at different time intervals at room temperature.

From Figure.3.59 and Figure.3.60 it was shown that, the removal
percentages (%) of Eosin Y were increases by increasing time.
Also, results showed that, the removal percentages (%) of Eosin Y had a
sharp increase at the beginning of the reaction for all investigated
Polymer nanocomposite ratios, followed by a continued slower removal
rate and finally reached to the saturation.

The removal percentages (%) of Eosin Y onto unirradiated Polymer
nanocomposite ratios (25/75/0.01 CuO), (50/50/0.01 CuO),(75/25/0.01
CuO) and (25/75/0.1 Cu0),(50/50/0.1 CuO), (75/25/0.1 CuO) were
(89%,82%,82%) and (80%, 78%, 79%) respectively.
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This phenomenon can be due to the fact that at the beginning of the
time, dye contact with the sorbent materials, the adsorption of Eosin Y
was taken place probably via surface functional groups, there was plenty
of binding sites available for dye adsorption onto the sorbent surface, so
the dye molecules interacted easily in these sites. Until the binding sites
were fully occupied, the dye molecules diffused into pores of the

adsorbents for further adsorption V.

90

(75/25/0.01Cu0)
(25/75/0.01CuO)
80
(50/50/0.01Cu0)

Removal (%)

20 40 60 80
Time(min)

Figure.3.59. Effect of contact time for removal of Eosin Y dye by
unirradiated polymer Dblend nanocomposite ratios (25/75/0.01
Cu0),(50/50/0.01 CuO) and (75/25/0.01 CuO).
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Figure.3.60. Effect of contact time for removal of Eosin Y dye by
unirradiated polymer blend nanocomposite ratios (25/75/0. 1 CuO),
(50/50/0. 1 CuO) and (75/25/0.1 CuO).

3.7. 2.2. Effect of PH:

The pH is an important parameter affecting the adsorption process.
It affects the activities of functional groups on the surface of sorbents and
also influences the availability of dye molecules. In order to examine the
effect of initial pH value on removal of Eosin Y solution onto
unirradiated Polymer nanocomposite ratios (25/75/0.01 CuO)
,(50/50/0.01 Cu0),(75/25/0.01 CuO) and (25/75/0.1 CuO),(50/50/0.1
Cu0), (75/25/0.1 CuO), dye adsorption experiments were done at pH
range of 2 to 8 using initial dye concentration of 5 mg/L.

As it can be observed from Figure.3.61 and Figure.3.62, the dye
removal percentage was decreasing by increasing pH value. It is found
that the percentage removal of Eosin Y was higher when the pH is below
5. After pH 5, the adsorption rate decreased.

In acidic conditions, the surface of the adsorbent is positively charged
due to high concentration of H", so electrostatic attraction between the
adsorbent and the adsorbate (anionic dye) is enhanced. Lower adsorption
of Eosin Y under alkaline conditions is due to the presence of hydroxyl
ions on the surface of adsorbents competing with the adsorbate for

adsorption sites %2,
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Figure.3.61. Effect of pH for removal of Eosin Y dye unirradiated
polymer blend nanocomposite ratios (25/75/0.01 CuQ),(50/50/0.01 CuQ)
and (75/25/0.01 CuO).
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Figure.3.62. Effect of PH for removal of Eosin Y dye unirradiated
polymer blend nanocomposite ratios (25/75/0. 1 Cu0),(50/50/0. 1 CuO)
and (75/25/0. 1 CuO).

3.7. 2.3. Effect of polymer nanocomposite dose:

128



Polymer nanocomposite doses are an important parameter which
determines the capacity of Polymer nanocomposite for a given initial
concentration of dye solution. The effect of Polymer nanocomposite
doses was investigated by varying of unirradiated Polymer
nanocomposite ratios (25/75/0.01 CuO) ,(50/50/0.01 Cu0O),(75/25/0.01
CuO) and (25/75/0.1 Cu0),(50/50/0.1 Cu0O), (75/25/0.1 CuQO) doses from
0.075 to 0.3 g/L at 5 mg/L dye concentration at PH 4.

Results in Figure.3.63 and Figure.3.64, revealed that by increasing of
the unirradiated Polymer  nanocomposite ratios (25/75/0.01
Cu0),(50/50/0.01  Cu0),(75/25/0.01  CuO) and (25/75/0.1
Cu0),(50/50/0.1 CuO), (75/25/0.1 CuQO) doses, the adsorption capacity
(% color removal) increased significantly. With 0.2 g/L of studied
polymer nanocomposite ratios, almost all dyes can be removed from the
liquid. The increase in the polymer nanocomposite ratios dosage can be
attributed to greater surface areas and the availability of more adsorption

sites.
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704
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0.05 0.10 0.15 0.20 0.25 0.30
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Figure.3.63. Effect of polyemer nanocomposite dose for removal of
Eosin Y dye unirradiated polymer blend nanocomposite ratios
(25/75/0.01 Cu0),(50/50/0.01 CuO) and (75/25/0.01 CuO).
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Figure.3.64. Effect of polyemer nanocomposite dose for removal of
Eosin Y dye unirradiated polymer blend nanocomposite ratios (25/75/0. 1
Cu0),(50/50/0. 1 CuO) and (75/25/0. 1 CuO).

3.7. 2.4. Effect of the dye concentration (ppm):

The effect of concentration on the removal of Eosin Y dye by
unirradiated Polymer nanocomposite ratios (25/75/0.01 CuO),(50/50/0.01
Cu0),(75/25/0.01 CuO) and (25/75/0.1 Cu0),(50/50/0.1 CuO), (75/25/0.1
CuO) is shown in Figure.3.65 and Figure.3.66. The applied

concentrations were (5 to 20 mg/L).
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It is observed that, the percentages of removal increases with
decreasing the concentration of dye. The amount of dye adsorption
decreases from 80 % to 10% , while increasing the initial dye
concentration from 5 to 20 mg/L. This proved the fact that the
concentration gradient is an important driving force to overcome the mass
transfer resistances between the liquid and solid phase.

This is due to at lower dye concentration, the ratio of solute connecting
to the polymer nanocomposite sites is higher, which caused the increase
in color removal efficiency, while at higher dye concentration, the lower
adsorption percentage was caused by the saturation of adsorption

sites®1®),
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Figure.3.65. Effect of (Dye dose ppm) for removal of Eosin Y dye

unirradiated polymer Dblend nanocomposite ratios (25/75/0.01

Cu0),(50/50/0.01 CuO) and (75/25/0.01 CuO).
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Figure.3.66. Effect of (Dye dose ppm) for removal of Eosin Y dye
unirradiated polymer blend nanocomposite ratios (25/75/0. 1
Cu0),(50/50/0. 1 CuO) and (75/25/0. 1 CuO).

3.7. 3. Irradiated polymer nanocomposite at optimum conditions:

The effect of selected radiation dose on the removal of Eosin Y dye onto
irradiated Polymer nanocomposite ratios (25/75/0.01 Cu0O),(50/50/0.01
Cu0),(75/25/0.01 CuO) and (25/75/0.1 Cu0),(50/50/0.1 CuO), (75/25/0.1
CuO) at the optimum conditions (concentrations 5 mg/L , dose 0.2
mg/L , PH 4) is shown in Figure.3.67 and Figure.3.68.

The results, show that, removal percentages increase with increasing
time and decrease in presence of irradiation. The values of removal
percentages of irradiated Polymer nanocomposite ratios (25/75/0.01
Cu0),(50/50/0.01  Cu0),(75/25/0.01  CuO) and (25/75/0.1
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Cu0),(50/50/0.1 Cu0), (75/25/0.1 CuO) were (80%,65%,50%) and (77%,
58%, 36%) respectively.
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Figure.3.67. Effect of contact time on the removal of Eosin Y dye by
irradiated(5KGy) polymer blend nanocomposite ratios (25/75/0. 01
Cu0),(50/50/0.0 1 CuO) and (75/25/0.0 1 CuO).at optimum conditions.
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Figure.3.68. Effect of contact time on the removal of Eosin Y dye by

irradiated (5KGy) polymer blend nanocomposite ratios (25/75/0. 1

Cu0),(50/50/0. 1 CuO) and (75/25/0. 1 CuQ).at optimum conditions
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3.8 Conclusion:

The swelling degree percentages of unirradiated polymer blend of
(PVA/Gelatin) film for different ratios in de-ionized water and with
different solution of pH(4) and pH(10) were found to be increases

gradually by increasing time until to reach saturation level.

It is found that the 24 hour is the specific time of saturation of studied
un irradiated polymer blend ratios. The same behavior has been observed
for the irradiated polymer blend ratios. Where the degradation process
was absent for the studied irradiated polymer blend ratios of
(PVA/Gelatin).

Infrared spectroscopy has been carried out for further characterization
for composition of the as-prepared samples. Ithas also run to
study the effect of dose of gamma radiation on the characteristic
functional groups of the prepared polymer blends. A band centered at
3340.1 cm™ as the stretching vibration of hydroxyl group with strong
hydrogen bonding as intra-and/or intertype. The band of N—H stretching

obtained in the same region.

A weak band appeared at 2321.87 cm™ is the characteristic bands of
symmetric C-H stretching. C, C triple bond band is appeared at 2132.88

cm?t.

The stretching vibration bands of carboxylate anion COO" showed at
1708.62 cm™. A weak band is observed at 2136.74 cm™ and has been
assigned to the combination frequency of (CH+CC). it is possible
conclude that the produced film had an ester linkage and secondary
alcoholic group. results suggest a complete esterification of the

carboxylic acid of gelatin.
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The polymer blend of (PVA/Gelatin) investigated using UV/Visible
technique it is characterized by a strong band, in the range 300-320 nm.
This can be attributed to I1—II” transition which comes from unsaturated
bands. Also another band was observed in the range 250-270 nm this

band increased after radiation and becoming (293 nm).

In order to obtain information about the external shape and
microstructure of polymer blend of (PVA/Gelatin) Scanning electron
microscope (SEM) was performed. It is clear from images that the yield
polymer blends films are homogeneous with regularity in the surface at
high content of gelatin, homogeneity produced caused miscibility of
polymer blend film of (PVA/Gelatin) through cross-linking.
Homogeneity and smoothing increases by exposing the thin films to
gamma irradiation (5KGy). In addition, cross-linking was increasing after
irradiation due to presence the binder (citric acid) between the two
miscible polymers in the surface of observing irradiation polymer blend

different ratios.

For polymer blend thin films, three prominent peaks at 26 = 11°, 17°
and 35° for the blended films were observed. Also a characteristic peak at
20 = 7° to 8° has been obtained, intensity of this peak decreases by
decreasing the amount of gelatin ratio in the polymer blend matrix, it is
likely this peak refers to the presence of a small amount of triplehelical
structure, characteristic of the rod-like triple helices of collagen which is
small part of gelatin. In case of irradiated thin films polymer blend
different ratios, the level of crystallinity percentage decreased after
exposed to electron beam irradiation and with increasing the ratio of
gelatin in the blend composition, this maybe refer to the increasing of the

crosslinking induced in the polymer network
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Swelling degree figured out for polymer blend nanocomposite
unirradiated and irradiated, from the observed data, it is clear that the
maximum values of swelling degree percentages of the studied
unirradiated nanocomposite film ratios were appeared after 2hr of
dipping in de-ionized water. The maximum values swelling degree
percentages for the unirradiated nanocomposite film ratios
(PVA/Gelatin/CuQq 1%, 0.1%) reached after two hours, this percentage
differ depends on gelatin ratio (more gelatin, less swelling degree).
Then the swelling degree percentages start gradually to decrease till

complete saturation occurs after 24hr.

In case of irradiated nanocomposite polymer blend (5KGy vy
irradiation), swelling degree become less than for that unirradiated
polymer blend nanocomposite, if we took un example the ratio
(75/25/0.01 CuO), we found that swelling degree after two hours was
(522%) and it decreased to(220%) at the same time(2 hours) after

irradiation process.

FTIR studies shows no different between the polymer blend and
prepared polymer nanocomposite, except a peak noticed at 868.92-
708.71 Cm™ attributable to CuU—O—CU in plane vibration .

For polymer blend nancomposites, UV/VIS. Showed a strong broad
band mentioned at range (300-340 nm), which corresponds to 11-11"
transition. This due to interaction of CuO Nannoparticles into the
polymer matrix significantly as (red shift) on the appearing ratio. In
UV data, the irradiation process and increasing of CuO nanoparticles
content significantly affect the absorption bands of the investigated
polymer blends nanocomposites, which give evidence of the stability

of the prepared irradiated thin films.
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SEM images of polymer nanocomposite  films  of
(PVA/Gelatin/CuQ) showed that the surface became smooth,
continuous and in homogeneous case. Images show also regular small
pores on the surface, it might be to the concentration of gelatin. Also,
the CuO nanoparticles were distributed in the surface of polymer

matrix.

In case of irradiated polymer nanocomposite films of
(PVA/Gelatin/CuQ) proved that smooth, homogeneity, disappearing
of pores and distribution of CuO nanoparticles on the surface increases
by applying of gamma irradiation. Also when the content of copper(ii)
oxide increase, it start to accumulate in the surface of polymer blend

thin films in different shapes.

The X-ray diffraction characterization of CuO nanoparticles, and
nanocomposite films of (PVA/Gelatin/CuO) for the studied ratios

obtained the following:

The shifts of the characteristic peak in the patterns of nanocomposite
films of (PVA/Gelatin/CuO) to lower 20 values indicate that there is an
increase in the interlayer spacing polymer, which is consistent with the

presence of the polymeric species in the matrix.

The behavior of unirradiated and irradiated Polymer blend ratios
(25/75), (50/50), (75/25) of (PVA/Gelatin) at (5) kGy for removal Eosin
Y were investigated. From the obtained results it is obvious that, the
removal percentages increase with increasing time and decrease in
presence of irradiation. Also, results showed that, the polymer blend
ratios (25/75), (50/50), (75/25) of (PVA/Gelatin) gives nearly equal the
removal percentages. The values of removal percentages were (17%,
16%, 15%) and (15%, 14%, 13%) respectively.
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For polymer blend nanocomposite unirradiated, results show that the
removal percentage increase with time, polymer blend nanocomposite
dose (weight) .( With 0.2 g/L of studied polymer nanocomposite ratios,
almost all dyes can be removed from the liquid. The increase in the
polymer nanocomposite ratios dosage can be attributed to greater surface
areas and the availability of more adsorption sites), and it is decreases
with increasing of dye concentration (ppm) and pH value (removal of
Eosin Y was higher when the pH is below 5. After pH 5, the adsorption
rate decreased).

For Irradiated polymer nanocomposite, removal of dye studied at
optimum conditions From the obtained results, it is illustrated that, the
removal percentages increase with increasing time and decrease in
presence of irradiation. The values of removal percentages of irradiated
Polymer  nanocomposite  ratios (25/75/0.01 Cu0),(50/50/0.01
Cu0),(75/25/0.01 CuO) and (25/75/0.1 Cu0),(50/50/0.1 CuO), (75/25/0.1
CuO) were (80%,65%,50%) and (77%, 58%, 36%) respectively.
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