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The polymer has shown its potential application in all fields, particularly in the
fields of medical science, electronics and optical devices [1-3]. Nevertheless, the
performances of polymers are sometimes shown to be inadequate, especially as
regards their mechanical and thermal properties [4,5]. There are various ways to get
content that meets the required criteria. Many techniques are available to improve the
properties of polymers, such as the incorporation of nanoparticles or salts, irradiation
techniques and many more [6]. The incorporation of nanofiller in polymers makes
them novel materials/nanocomposites, which are proposed to potential in the field of
battery, gas sensors, photo-electronic devices, catalysis, electrochemistry and optical
devices [3,7,8].

Research in the use of noble nanomaterials has mushroomed over the last few
decades, and significantly, numerous works have been executed to understand the
nanomaterials and their composites. By confinement of materials in nanometre spatial
dimensions, small size effect, surface effect, quantum size effect and macroscopic
quantum tunnel effect can alter the optical, luminescence, electrical and structural
properties [9]. Considerable works have been done to investigate the structural,
optical and electrical properties of polymer nanocomposites. The luminescence
properties of polymers can be improved dramatically by doping metal oxide, rare
earth metal oxides, metal and so on.

The application of ionizing radiation in polymeric materials and polymer
nanocomposites has grown since the physical and chemical properties of the polymers
can be modified in a controlled way. Important properties of polymer nanocomposites
that are mechanical, thermal stability, chemical resistance, melt flow, optical and
surface properties significantly improved by irradiation [10]. Interest has also evolved
in the peculiar nature of the ion-polymer interaction. It is also important to understand
the effect of irradiation on a more fundamental level how the polymer interacts with
nanofillers. The field of polymer nanocomposites modification by gamma and ion
beam, and its characterization has become a very challenging field owing to vast
technological implications [11]. The primary phenomena associated with the
interaction of radiation with the polymers are chain scission, chain aggregation,
crosslinking, double bonds formation and so on. Various gaseous species are released
during irradiation. Radiation degradation is a random chain scission process that

reduces the molecular weight of the polymer, thus, plasticizing the material [12,13].



All these effects depend on the composition, density, molecular weight of the
polymer, time of irradiation, mass, energy, charge and fluence of the ion beam [14].
The present work aims to investigate gamma-ray and carbon ion irradiations on
structural, optical, luminescence, electrical properties and surface morphology of
polymer composites. All the samples investigated were prepared using the solution
casting method. Al2O3, Eu203 and SiO> were selected as nanofillers while Polystyrene
and Polyvinyl alcohol were selected as polymer matrices. The pristine and irradiated
polymeric films were characterized using powder X-ray diffraction (XRD), Fourier
Transform Infrared (FT-IR) Spectroscopy, photoluminescence, thermoluminescence,
UV-Visible spectroscopy, impedance spectroscopy, differential scanning calorimetry,
and atomic force microscopy.

The whole work is listed in the thesis and divided into the following chapters:
Chapter 1 covers an outline of polymer and polymer composites, followed by their
classification and applications. The relevant literature survey is presented and, the
aims/objectives of the present work have been stated.

Chapter 2 contains the basic information of the material that is used in the present
investigation. It also contains the fundamental details of the characterization
techniques used to characterize the synthesized and irradiated nanocomposites.
Chapter 3 deals with the effects of gamma and carbon ion beam irradiation on
optical, luminescence, electrical and thermal properties of PS/Al>O3 nanocomposites
as a function of filler concentration and irradiation dose.

The diffraction patterns of nanocomposites showed a broad peak at 26 =
19.76°, indicating that the polymeric film is partially crystalline and leading to an
amorphous nature. The inclusion of aluminum oxide nanoparticles does not alter the
XRD pattern of PS. Also, no other peaks are found in XRD pattern of PS. The EDAX
patterns of PS/Al.Oz nanocomposites indicate the presence of aluminum oxide in the
polymer matrix. In FTIR spectra, the new band at 450 cm™ appeared in the FTIR
spectra of nanocomposites are assigned to stretching vibration of Al-O bond. FTIR
analysis displays a decrease in the peak intensity after incorporation of nanofiller and
SHI irradiation. This suggests randomization of macromolecular chains and
degradation at backbones and side-chains of the macromolecular structure by
removing hydrogen atoms. FTIR spectra of nanocomposites do not change upon
gamma irradiation due to the presence of benzene rings [15]. Optical absorption

measurements of the prepared nanocomposites show a redshift in the absorption edge
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with nanofiller level and irradiation dose. UV- Vis spectroscopy shows a decrease in
optical bandgap with the increase in nanofiller concentration and irradiation dose. The
change in optical bandgap due to both types of irradiation is different, the
phenomenon is characterized by the density of state model in Non-crystalline material
as proposed by Mott and Davis [16].

Figure 3.1 (a) depicts the excitation spectrum of polymer nanocomposites,
observed at an emission wavelength of 435 nm. It shows a broad excitation band
centered around 380 nm. The emission spectra of nanocomposites comprise three
peaks at 411 nm, 435 nm and 462 nm with excitation wavelength at 380 nm, as shown
in Figure 3.1 (b). The intensity of PL emission peaks has been observed to increase
with the increase in filler levels and irradiation dose. It indicates that new radiative
recombination is associated with dose, resulting in the change in the configuration of
the facial layer. Hence the rate of radiation transition escalates with irradiation dose
[17,18].
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Figure 3.1 (a) PL excitation spectra of PS at the emission wavelength of 435 nm (b)
PL emission spectra of pristine and irradiated PS-based polymer nanocomposites at
the excitation wavelength of 380 nm.

Figure 3.2. TL glow curves of polymer composites are comprised of several
TL maxima. Different molecular relaxations such as &-,y- and B - relaxations are

related to maximum temperature at maximum intensity (Tm).
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Figure 3.2 TL glow curves of (a) gamma-irradiated polymer composites (b) 90 MeV
Carbon ions irradiated polymer composites.

TL glow curve intensity shows an increase with dose, which may indicate an
increase in the number of trapping centers upon irradiation. Moreover, the change in
the intensity of TL glow curve for SHI irradiated samples is more pervasive than for
gamma-irradiated ones. It could be concluded that the energy deposited by gamma
rays and C%* ijons formed similar types of defects and trapping centers at various
depths in polymer nanocomposites [19].

Figure 3.3 depicts the variation of (a) dielectric constants and (b) dielectric
loss of pristine and irradiated polymer nanocomposites. As the concentration of filler
increases, the overall response of dielectric constants and dielectric loss increases due
to the interfacial polarization effect between filler and polymer matrices. Moreover,
an increase in the dielectric constant with dose indicates the formation of low

molecular polymeric macromolecules in the lower frequency region.
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Figure 3.3 Variation in (a) dielectric constant and (b) dielectric loss versus

frequency, for polymer nanocomposites with the concentration of filler and dose.
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Figure 3.4 Variation in AC conductivity with frequency for polymer nanocomposites
at various filler concentrations and doses.

The overall values of dielectric loss are enhanced with gamma and SHI
irradiation, attributable to an increase in the number of charge carriers due to
irradiation [20]. There is an exponential increase in conductivity with log frequency.
The overall value of conductivity of nanocomposites increases as filler concentration
and irradiation dose increase, as illustrated in Figure 3.4. After irradiation, the
increase in the conductivity is observed due to the promotion of bonding of nanofiller
to polymer and alteration of polymeric structure to hydrogen depleted carbon
network. The hydrogen depleted carbon network is formed due to the extraction of
hydrogen and emission of volatile gases upon irradiation [21-23].

In DSC analysis, it is observed that the glass transition temperature of
polystyrene increases to a higher temperature due to the inclusion of nanoparticles.
This suggests the strong interaction of polystyrene with nanoparticles and also
explains the existence of constraint on the macromolecular motion [24]. After
irradiation, the glass transition temperature of PA4 is observed to shift towards a
lower value, which may indicate a reduction in the degree of crystallinity. Thus it is
imperative to conclude that the macromolecular motion increases with the irradiation
dose. After analysis of AFM image, the average surface roughness decrease due to
gamma rays and ion beam irradiation. Upon SHI irradiation, polymer nanocomposites
become smoother than the gamma-irradiated samples. This is due to the energy

deposition by SHI irradiation higher than by gamma irradiation.



Chapter 4  discusses the effect of gamma rays and 90 MeV carbon ion beam
irradiations on PS/Eu,0O3 nanocomposites. The changes observed in structural, optical,
luminescence, electrical, thermal properties, and surface morphology after gamma
rays and carbon ion beam irradiations are explained in detail.

The X-ray diffraction pattern of polystyrene shows a peak centered around
20 =19.76°, which suggests a partially crystalline nature with a dominant amorphous
nature of polystyrene. The X-ray diffraction pattern of Europium (I11) oxide doped
polystyrene film shows typical peaks of Europium (Ill) oxide at 26 = 16.5°, 28.5°,
29.68°, 32.04°, 40.9° and 51.86° inscribed as (200), (222), (123), (400), (422) and
(235) reflections, respectively. These comply with the BCC structure of Europium
(11) oxide (JCPDS card no. 86-2476). The crystallite size of the polymeric film is
seen to increase slightly with an increase in the filler concentration, whereas it slightly
decreases with SHI irradiation fluence. No change in crystallite size is observed after
gamma irradiation which is due to the presence of aromatic groups in polystyrene that
are rarely damaged by gamma irradiation dose used [15].

FTIR transmittance spectra of synthesized polystyrene/Europium (I11) oxide
nanocomposites were obtained in the wavenumber range 3200-400 cm™ . The
intensity of peaks decreases due to the incorporation of the filler. This feature may be
assigned to the interaction between polymer matrix with filler.

After gamma irradiation, there is no change in the intensity of vibrational
bands of PS/Europium (l11) oxide. The existence of a benzene ring in polystyrene is
responsible for radiation stability [15]. In addition, The fraction of energy is used to
modify the matter, while gamma rays traverse through the matter. Consequently, there
is no change in the bond structure of polystyrene after gamma irradiation. But the
value of LET for C% ions is too high compare to gamma rays. This large value of
LET indicates that these ions are very capable of breaking off all linkage within a few
nanometer areas around their trajectory

In absorption spectra of PS/Eu>Oz nanocomposites, two new peaks were
obtained at 370 nm and 401 nm. The peaks appearing at 370 nm and 401 nm can be
ascribed to "Fo—°Lg and ‘Fo—°Ds transitions of Eu®* , respectively [26]. The redshift
of the absorption edge has been noted with the increase in the concentration of
europium (I11) oxide.



It can be observed that the optical bandgap of PS/Eu,Os nanocomposites
decreases after gamma and SHI irradiations. The effect of gamma irradiation on
optical bandgap is lower than that of SHI irradiation which may be attributed to the
production of more structural disorder due to SHI irradiation. This can be explained
by the density of state model in Non-crystalline solids suggested by Mott and Davis
[16]. According to this model, the density of state and disorder in polymer matrices
result in a decrease in bandgap and an increase in conductivity [16, 26, 27].

Photoluminescence excitation and emission spectra of pristine polymer films
are shown in Figure 4.1. In excitation spectra, the broad peak centered at 247 nm
might be ascribed to charge transfer transition between the carbonyl group of polymer
matrix and Eu* ions. The emission spectra of Eu®" doped polystyrene show peaks at
595 nm, 612 nm and 617 nm, which correspond to *Do—'F1 and *Do—'F> transitions,
respectively. The f-f transitions °Do—'F1 and °Do—'F; are associated with magnetic

and electric dipole transitions, respectively.
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Figure 4.1 (a) Photoluminescence excitations spectrum (b) Photoluminescence

emission spectra of pristine polystyrene composite films.

The intensity of characteristic peaks of Eu®" ions increases with an increase in the
concentration of filler. The creation of coordination bonding is associated with the
augmentation of charge carriers. It serves as playing a crucial role in decreasing the
activation of a singlet excitation state. It implies that the number of defects increases
in polystyrene due to doping of Eu20Os, inferring alteration of the non-radiative and
radiative recombination process. The change in the photoluminescence spectrum of
PSE5 with gamma rays and SHI irradiation is shown in Figure 4.2. Gamma

irradiation causes a decrease in the PL intensity of Eu* ions.
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Figure 4.2 Photoluminescence emission spectra of (a) PSE5 film irradiated with
gamma rays at the dose of 25 kGy and 50 kGy (b) magnified peaks in the range of
580-650 nm (c) PSES5 film irradiated with SHI irradiation.

In contrast, the intensity of PL emission peaks of PS and Eu®* ions increases
after SHI irradiation. Moreover, the irradiation may also be responsible for forming
the system of conjugated bonds and carbon enriched polymer due to the extraction of
hydrogen and its transformation into a graphite-like structure. The result explains the
unusual behaviour of the systems after gamma irradiation.

Figures 4.3 depict TL glow curve of PS/Eu,0z polymeric films irradiated with
gamma rays and SHI irradiation, respectively. TL analysis of PS shows that the
intensity of glow curves improves with irradiation dose. The results can be inferred to
imply that the growth of trapping centers inside polymer matrix increases with

irradiation dose [28].
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Figure 4.3 TL glow curves of (a) SHI irradiated (b) Gamma rays irradiated polymer

nanocomposites.



TL analysis of PS shows that the intensity of glow curves improves with
irradiation dose. The result can be inferred to imply that the growth of trapping
centers inside polymer matrix increases with irradiation dose [28]. These results also
correlate with the results obtained from photoluminescence analysis and suggest that
PSE5 can be used for dosimetry applications [29].

The frequency-dependent dielectric constant and dielectric loss of pristine and
irradiated polymeric films are depicted in Figure 4.4. Also, the overall value of the
dielectric constant increased after irradiation which indicates that charge carriers
density increases due to the scission of the polymer chain. It results in increasing
interfacial polarization of space charges; as a result, the dielectric constant is observed
to be increased. Due to the Swift heavy ion, Significant degradation of the sample

occurs, resulted in an effective increase in the dielectric response than that of gamma

irradiation.
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Figure 4.4 (a) Dielectric constant vs log frequency (b) Dielectric loss vs log
frequency for PS/Eu203 polymer composites.
The dielectric loss increases with an increase in the concentration of filler and
irradiation dose. It is due to the increase in interfacial polarization. In addition, the
variation in dielectric loss of PSE5 after SHI irradiation is higher than that of gamma

irradiation.
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Figure 4.5 illustrates AC conductivity of pristine and irradiated samples as a
function of frequency, filler level and irradiation dose. It is perceived that the
conductivity is increased with filler concentration. The increase in the conductivity
upon the incorporation of europium (I11) oxides may be attributed to the formation of
several conduction paths. After irradiation, there is an increment in the AC
conductivity of polymer composites with irradiation dose because of the promotion of
filler to polymer bonding by irradiation. The amount of deposition of local energy
increased with the gamma irradiation dose and ion fluence, indicating an increase in
free electrons and impurities. In addition, the increase in A.C. conductivity of C®* ion
beam irradiated PSE5 is more pronounced than that of gamma-irradiated PSE5 due to
the high value of LET of swift heavy ions [30].

From DSC analysis, it is observed that the Tg of the polymer matrix is
displaced from 335.4 K towards higher temperature due to the incorporation of filler.
The interaction of nanoparticles with polymer matrix can change the kinetics of the
chain by the increase in the glass transition temperature of polystyrene [31]. After
both types of irradiation, the glass transition temperature of PSE5 is observed to
decrease. This fact may also suggest a decrease in the degree of crystallinity. Thus an
increase of macromolecular motion with irradiation dose is imperative, and this might
be caused due to the chain scission of the polymer matrix. This result is consistent
with the XRD and FTIR results.

The change in surface morphology due to the incorporation of nanoparticles
and irradiations was studied using Atomic Force Microscopy. The average roughness
of pristine PS and PSES5 is obtained to be 9 nm and 81 nm, respectively. These results

suggest that the average roughness increases due to the incorporation of filler.
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Furthermore, it is suggested that polymeric films become smoother after both
types of irradiations because of defect enhanced surface diffusion. Moreover, The
changes in surface morphology of polymeric material due to swift heavy ion
irradiation have been reported to be highly pronounced as compared to those due to
gamma irradiation because swift heavy ions transfer more energy into polymer

composite than gamma irradiation dose.

Chapter 5 focuses on the study of the irradiation effect on various properties of
PVA/ H3PO4/SiO2 nanocomposite polymer electrolytes. The structural, optical,
electrical, thermal properties and surface morphology of the pristine and irradiated
polymeric films have been studied using X-ray diffraction, UV-visible spectroscopy,
dielectric spectroscopy, differential scanning calorimetry and AFM, respectively. The
results are reported. The explanation for the influence of gamma rays and 90 MeV
carbon ion beam irradiations on various properties of nanocomposite polymer
electrolytes is given.

The XRD spectra of PVA/H3PO4/SiO2 polymeric films indicate the semi-
crystalline nature of PVA nanocomposites. X-ray diffraction (XRD) analysis of all
samples revealed the change in the polymeric structure into the amorphous phase after
both types of irradiation.

In FTIR spectra of pristine samples, the peaks in the region of 850-1200 cm™
have been found to decrease due to the incorporation of nanoparticles. The inclusion
of SiOz in polymer electrolytes promotes an increase in free volume. Thus, the sample
becomes more amorphous [32].

After irradiation, a decreased intensity of vibration bands can be attributed to
altering the bond structure due to the removal of hydrogen from the backbone and
side-chain. It also suggested chain scission of the polymeric matrix. The absorption
spectrum of pure PVA is characterized by an absorption band at 275 nm, which is the
result of n — 7* transition of C=0 group of polymer matrix [33]. The absorption is
observed to increase with the concentration of SiO2 nanoparticles and with irradiation
dose. This could be due to the creation of a charge-transfer complex that delocalized
conduction electrons. The absorption edge of PHS10 after irradiation is seen to shift
towards a longer wavelength with nanofiller level and irradiation dose. The
modification of indirect optical bandgap (Eg) due to the incorporation of

nanoparticles and irradiation was determined using Tauc’s relation [34]. The bandgap
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Dielectric Constant

of nanocomposite polymer electrolyte decreased due to the incorporation of
nanofillers and after irradiation. The reduction in the energy bandgap due to the
addition of nanoparticles highlights the interaction of polymer electrolyte with
nanoparticles which is a result of the formation of localized states between HOMO
and LUMO energy bands suggesting the probability of lower transition energy.
Moreover, Swift heavy ions effectively produce structural disorders and more radicals
in the host matrix than that of gamma irradiation which could be described based on
the density of state model in amorphous solids, given by Mott and Davis [16].

The variation of the real part of complex permittivity of pristine and irradiated
PHS is illustrated in Figure 5.1. The imaginary part of the complex permittivity of
pristine and irradiated nanocomposite polymer electrolytes is shown in Figure 5.2,
€'(w) and ¢"(w) are seen to increase with an increase in the concentration of SiO>
nanoparticles which is related to the interfacial polarization effect between PVA
matrix and SiO2 nanoparticles. After irradiation, the ¢'(w) and €"(®) increase with an
increasing dose. It could be due to enhancing the mobility of polymer chains as a
result of the breaking of several bonds.
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Figure 5.1 Frequency-dependent dielectric constant of PVA and, pristine and
irradiated PHS nanocomposite polymer electrolytes.
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Figure 5.2 Frequency-dependent dielectric loss of (a) PVA and pristine and (b)
irradiated PHS nanocomposite polymer electrolytes.

Figure 5.3 displayed a high-frequency depressed semicircle followed by a
low-frequency spike. The low-frequency region is a consequence of the electrode
blocking effect and the intercept of the spike on the X-axis gives the value of bulk
resistance. From Figure 5.3, it is perceived that the value of bulk resistance decreases
with increasing concentration of nanoparticles and irradiation dose. This must have
enhanced amorphicity and offering a new conducting path, indicating an increase in

ionic conductivity.
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Figure 5.3 Cole-Cole plot of pristine and irradiated PHS nanocomposite polymer

electrolytes.

The frequency-dependent AC conductivity plots for pristine and irradiated
nanocomposite polymer electrolyte at constant temperature are shown in Figures 5.4
& 5.5, respectively. The increasing trend of DC conductivity can be ascribed to the
reduction in crystallinity with the rising mobility of charge carriers. AC conductivity

of irradiated nanocomposite polymer electrolyte is higher than that of pristine PHS.
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The effect of irradiation on the thermal properties and degree of crystallinity
of PHS10 were investigated using DSC thermograms. The relative change in the
value of the degree of crystallinity (AX%) of PHS10 is reduced due to gamma and
SHI irradiation, respectively. The melting point of PHS10 is observed to shift towards
the lower temperature after irradiation, suggesting a decrease of molecular weight due
to the scission of the polymer chain.

Three-dimensional scanned topographical image of pristine and irradiated
nanocomposite polymer electrolytes was obtained using AFM in tapping mode. It was
analyzed by means of average surface roughness (Ra). The obtained average
roughness Ra of pristine PHS10 was found to be 92 nm, that of SHI irradiated
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PHS10(1 x 10%ionsicmz) and gamma-irradiated PHS10 (50kGy) is 82 nm and 86 nm,
respectively. The roughness changes detected in the case of gamma irradiation are
less than those in the case of ion beam irradiation due to the lesser transfer of energy
by gamma radiation than by ions [1]. Thus the surface of irradiated polymeric
material became smoother than the pristine polymeric material. The decrease in

surface roughness indicates increasing the ionic conductivity of the material.

Chapter 6 This chapter summarizes the work carried out and highlights its significant

conclusions together with the future scope of work.
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