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Abstract

Films of cellulose acetate (CA) have been prepared by casting method using tetrahydrofuran
(THF). CA films are y-irradiated with varying radiation doses of 10, 20, 30, 40, 50 and 60 kGy using
cobalt-60 (8°Co) source. Global thermally stimulated depolarization current (TSDC) of non-irradiated and
irradiated CA samples has been investigated under the effect of various poling electric field (Ep) in a
temperature range from 300 K to 440 K. It is observed that, global TSDC spectra of non-irradiated and
irradiated CA samples are characterized by two relaxation peaks. One in the low temperature range ~321
K and the other in the high temperature range ~ 376-383 K are observed for non-irradiated sample. On the
other hand, these temperatures are shifted towards lower temperature for irradiated samples to be located
at 317 K and ~371 K. These relaxations are assigned as § and p-relaxation and attributed to molecular
motion of the polar acetate groups, C.HsO, and polarization of the space charges, respectively. TS-
technique has been carried out to decompose global TSDC spectra of all samples into its elementary peaks
and the molecular parameters such as, activation energy and pre-exponential factor are calculated for each
TS peak. Relaxation map (RM) of all samples has been analyzed using Eyring transformation and
thermodynamic parameters such as, enthalpy activation (AH), entropy activation (AS) and Gibbs free
energy (AG) are estimated. The compensation phenomenon was verified by the linear relationship
between both enthalpy and entropy.
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1. Introduction

Cellulose is a symmetric linear polymer
consists of D-glucopyranose. Cellulose is the
most abundant natural polysaccharide and due
to its ability to regenerate and biodegrade it
has been considered the greenest material
available. Due to the hydroxyl groups on the
surface of cellulose, the formation of a
hydrogen bond is preferred, and the cellulose
chains are grouped into highly ordered
structures. Cellulose as a polymer matrix is
the subject of increasing interest due to its
wide potential in various applications.

Cellulose acetate as a derivative of cellulose
has gained special interest during the past
decades due to its application in food, textiles,
pharmaceutical industries, paper, packaging, in
the processes of separation such as dialysis,
gas separation, hemodialysis and thin films for
electronic applications [1-5]. In addition,
cellulose acetate is used in the medical
applications field, such as membrane for
desalination, whereas, other derivatives of
cellulose such as cellulose acetatebutyrate
(CAB) are used in capsule form to release
drugs [6].
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Irradiation in polymers leads to the
destruction of the initial structure by way of
formation of free radicals, crosslinking,
irreversible bond cleavages, etc., which leads
to the formation of saturated and unsaturated
groups and fragmentation of molecules. These
processes create defects within the polymer
that are clearly responsible for altering the
chemical and physical properties of the
material [7]. vy-irradiation process is used in
the biological sterilization of many materials
used in the manufacture of biomedical
products. The  decomposition  of
polysaccharides such as cellulose, pectin, and
starch by cleavage of glycosidic bonds is
carried out by ionizing radiation. It is known
that after irradiation, molecules of cellulose are
altered by breaking the glycoside bonds and
introducing the carbonyl and carboxyl groups
[8]. The advantages of polymer decomposition
by irradiation include the ability to enhance
quantitative and repeated changes, without
chemical reagents and special devices for
controlling the environment, additives and
temperature.

Thermally stimulated depolarization
current (TSDC) is a dielectric technique in the
temperature domain to characterize the
dielectric response of the polymeric materials
under study. TSDC conforms to the
measurement of dielectric loss at low constant
frequencies in the range 102 to 10* Hz versus
temperature [9-11]. The distinguishing feature
of the TSDC method is the low equivalent
frequency, which is often used to extend
dielectric measurements to the low frequency.
The resulting global TSDC spectrum contains
many peaks whose location, shape, and size
provide valuable information on the timescale
and dielectric strength of the different
relaxation mechanisms that distinguish one
material from another [12-19]. The result of
the TSDC experiment is a global spectrum
containing all the dielectric active relaxation
processes excited by the electric field (Ep)
between initial temperature (To) and poling
temperature (Tp).

One of the advantages of TSDC over
other techniques is that the thermal sampling
(TSDC-TS) is a powerful technique used for
resolving the global TSDC spectrum to obtain
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its elementary peaks that have a single
relaxation time. TS technique allows the
polarization of narrow segments of the
complex thermal current and, thus, enables the
analysis of the global spectrum into their
"individual" components. TS technique
advantage increases effectively when used in
the fractional analytical mode, i.e., analysis of
relaxation map, (RM) [20-24]. In this
technique, only a small portion of the entire
spectrum will be polarized to obtain a single
relaxation. By changing the values of the
polarization and depolarization temperature
(Tp-Ta= 5K) and repeating the process over the
entire scale, some of elementary modes are
obtained one by one. The set of TS curves
obtained can be independently analyzed and
provide further insights into the general
features of the complex spectrum that was
recorded during global TSDC experiments.

The main purpose of this manuscript
is to highlight the effect of y-irradiation with
different doses on the molecular dynamics of
irradiated cellulose acetate using TSDC-TS
technique. RMA of non-irradiated and
irradiated CA will be constructed to calculate
the thermodynamic parameters such activation
of enthalpy, entropy and Gibbs free energy.

2. Experimental Work

Films of cellulose acetate with average molecular
weight ~ 30,000 and (39.8 wt. % acetyl content)
(Aldrich polymers) were prepared by casting method.
0.5 gm of cellulose acetate was dissolved in 50 ml of
Tetrahydrofuran (THF) solvent at room temperature
(~ 300 K) with stirring for approximately 30 minutes.
The solution was stirred for another 30 minutes at
323 K, then the polymer solution was casted onto
well cleaned glass substrate in the laboratory oven for
one day, to be sure that the solvent was completely
evaporated. The films thickness ranged from 15-50
pm as measured using a digital micrometer (Mitutoyo
No: 293-521-30, Japan). The produced films were
then kept in an isolated environment to avoid the
effect of temperature and humidity on the samples.
Scheme 1 displays the chemical structure of cellulose
acetate.
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Scheme 1. The chemical structure of cellulose acetate.

CA films were exposed to vy-ray
irradiation using a cobalt-60 (®°Co) source with
a dose rate of 5x10* rad/min. Films of CA
were placed in the direction of beam at 5 cm
from the source and irradiated with varying
radiation doses of 10, 20, 30, 40, 50 and 60
kGy.

Measurements of TSDC are carried
out by applying a DC electric field, Ep, on the
samples for certain polarizing time, t, at a
specific polarization temperature, Tp. As the
electric field continues to be applied, the
samples are then cooled to a temperature, low
enough in order to prevent the depolarization
process by the thermal excitation. Then, the
electric field is turned off as well as the
electrodes are short-circuited by means of the
electrometer to remove the stray charges.
Global TSDC spectrum is then measured by
reheating the samples again with an almost
constant heating rate, B=3K/min. This heating
rate ensures good spectrum resolution and
gives measurable current values high enough
to make the background current negligible.

Keithley Electrometer, Model 610C is used to
record the current during the heating process.

To decompose global TSDC
spectrum into its elementary peaks, thermal
sampling technique (TS) will be applied,
because only a small part of relaxation will be
detected. Measurements of TS are carried out
as shown in Fig. 1. The sample is polarized
by applying DC polarizing electric field, Ep, at
polarizing temperature, T, for certain time, t,.
The sample temperature was then quickly
dropped to a depolarization temperature, Tq
lower than T, by 5K, polarization window, Tp-
Tq= 5K. The electric field at this temperature
will be turned off and the sample will be short-
circuited for 15 min, and was quickly
quenched back in ice-water to a temperature
lower than T, by 30 K. Hence, TS current was
recorded by warming the sample again with
almost constant heating rate of B=3K/min.
Therefore, in every TS run, small portion of
dipoles will be polarized characterizing by
single values of both E, and 1o, assuming that a
single relaxation process will be obtained in
each polarization window, Tp-Tg= 5K.

A
=
Th
AT=Tp-Tg=5K TSDC measurement
Ta
To
< > +—>
tn th‘.

Fig. 1:. Schematic diagram of TS technique.
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3. Results and Discussion

Effect of poling electric field (E,) on
Global TSDC of CA

Fig. 2a displays TSDC global spectra of
non-irradiated CA samples polarized at T,= 343 K.
Two different relaxation peaks, one in the low
temperature range ~321 K and the other in the high
temperature range ~ 376-383 K are observed. With
increasing field strength it was observed that the first
relaxation peak was obtained at the same temperature
while the second relaxation peak was shifted to a
higher temperature. The total released charge is
found to increase with increasing field strength, and
thus the current magnitude of both peaks increases
when the polarized electric field (Ep) increases. The
activation energy (Ea) values of each peak have been

estimated using initial rice method by plotting log |
against 1/T, as shown in Fig. 2(c&d).

Generally TSDC spectrum may results from dipole
reorientation (B or a-relaxation), the ionic conductors
and impurities migration in the polymeric material
(space charge, p-relaxation). We can differentiate
between different relaxation processes by examining
the variation of current intensity (In) against the
electric field strength (Ep). Thus, it was observed that
the current intensity (Im) for the first relaxation peak
increased with the increase in the electric field, while
for the second peak, the current intensity increased
until it saturated at the high electric fields (Ep) as
shown in Fig. 1b. In addition, it was observed that
the position of the first peak was a constant that did
not shift with the change in the electric field strength,
indicating that the main contribution to the first
relaxation peak was due to the molecular motion of

the polar acetate groups, CH3O; [25].
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Fig. 2: a) Global TSDC spectra of non-irradiated CA polarized at T,= 343 K for t,= 30 min., b) Maximum
current (Im) of 1% peak versus applied electric (Ep) and (c&d) current (1) versus 1000/T of 1%t and 2™ peak
according to initial rice method.

Egypt. J. Chem. 64, No 5 (2021)

Cellulose acetate (CA) structure with
polar main-chain and polar side groups
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enhances the free carrier formation, which charge is the origin of the second TSDC
accumulate at the electrode during formation. relaxation peak.

On the other side, the second relaxation peak The pre-exponential factor (%) of
obtained at a higher temperature can be each relaxation peak is estimated using the
attributed to the polarization of the space following formula
charge due to trapping of the injected electrons k. T2 E
from the metallic electrode close to the surface 7y =—2-T2exp [— K * J @
of polymer. This process is characterized by an PE, B T
increase in the released charge with the applied Where ks, Tmax and g are defined as the
field strength and a shift in the peak Boltezmann's constant, the temperature of
temperature. Since both of these observations peak position and rate of heating, respectively.
were obtained in the current study, it can be The molecular parameters of first and second
assumed that the p0|arizati0n of the space peaks are calculated and listed in Table 1.
Table 1: The molecular parameters of 1% and 2" peak of non-irradiated CA.
Ep (V/m) 1% Peak 2" Peak
Tmt Ima X102 Ea 701 Tme Imz X102 Ea 702
(K) (A) (eV) (sec) (K) (A) (eV) | (sec)
5x10° 321 7.5 0.16 4.27x107? 383 5 0.32 | 6x10*
1x10° 319 44.5 0.22 0.33x107? 365 12.5
5x108 321 58 0.29 | 0.02x102% | 373 35 0.07 2.2
7x10° 321 70 0.18 1.84x107 371 30.5
1x107 321 269 0.17 | 2.80x102% | 381 31 0.09 5.30

Effect of Polarizing Electric Field (Ep) of
Irradiated CA

Radiation treatment on a large commercial scale
has proven to be a very effective method for
improving the end-use properties of various
polymers. The grafting, degradation and crosslinking
reactions of radiation-initiated polymers have found

many beneficial applications in elastomers and
plastics.  The important properties of polymer
materials such as mechanical and thermal stability
and electrical properties can be greatly improved by
radiation treatment. Hence, global TSDC of
irradiated CA has been investigated under the effect
of various doses.

1) Ep=5X10% V/m

16 4 2) Ep=1x105 vim |
3) Ep=3%10° V/m
4) Ep=5x105 vim
5) Ep= 7X108 v/im
—~ 124 6) Ep=1X107 V/m

4 -
1
o ’f\\’_
300 320 340 360 380 400
T (K)

20 (b)
m  1st Peak
® 2nd Peak

8 10

6
E, (x10° VV/m)

Fig. 3: (a) Global TSDC spectrum of irradiated CA sample with 20 kGy polarized with various poling
electric fields (Ep) at Tp= 343 K and t,= 30 min. Carbon paste was used as conducting electrode and B=

3K/min. (b): Variation of I, versus
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Fig. 3a shows global TSDC spectra of
CA irradiated with 20 kGy as a representative
sample of irradiated samples. It is observed
that irradiated CA sample is characterized by
two relaxation peaks with lower current for
each peak in comparison with non-irradiated
CA. The maximum current (ln) values of both
peaks are found to be poling field dependent,
as shown in Fig. 3b. High-energy radiation
reactions with polysaccharides lead to
dehydrogenation, depolymerization reactions,
destruction of basic monomer units and
oxidative degradation. It is known that, after
irradiation, the scission of the cellulose acetate
chain occurs to form carbonyl and carboxyl
groups due to the breaking of the glycoside
bonds. So, the position of both peaks is shifted
towards lower temperature to be located at 317
Kand ~371 K.
Thermal sampling

The distribution of relaxation times is
usually used to describe the phenomenon of
relaxation in the polymer, and then analysis of
complex TSDC spectra is performed using the
appropriate parameter related to the symmetry
and the shape of the distribution of relaxation
times that characterize these modes [26-28].
Hence, thermal sampling (TS) technique has
been carried out [29-31] to resolve complex
TSDC modes experimentally and therefore,
the dielectric relaxation times distribution. To
obtain a more accurate and deeper insight into
the relaxation behavior of the non-irradiated
and irradiated cellulose acetate (CA) samples,
the global TSDC spectra were decomposed

3 8

T (K)

310 320 330 340
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into their elementary spectrum with TS
technique in the poling temperature range from
318 to 353 K, with a temperature window, Tp-
Tq = 5K for each spectrum. Thus, elementary
relaxation processes of non-irradiated and
irradiated samples are obtained as shown in
Fig. 4. Overall, it was observed that the
intensity of the partial depolarization peaks did
not exhibit a strong dependence on the poling
temperature (Tp) for all samples.  When
applying the TS to form polymer electrets,
only the portion corresponding to the trapping
depth (Ea) is filled with the charge carriers,
which are not in thermal equilibrium due to the
influence of the poling electric field (Ep)
during the polarization process. This portion
depends on both temperature window and
polarization temperature. Also, these charge
carriers, not in equilibrium, give rise to the
depolarization current when they are thermally
stimulated to relax to the equilibrium state.

It was found that, TS peaks are
somewhat broader than those for a Debye
relaxation. This broadness is observed in the
polymers due to the interaction of different
relaxation modes and may be explained as a
result of the coupling between relaxation
times. TS peaks correspond to different
relaxation modes and it appears that the
relaxation time of each peak is distributed
fairly widely. The pre-exponential factor 7 is
calculated using Eq. 1, suggesting that each
peak of TS spectrum resulted from a dipole
has a single relaxation time [32-34].

6.1

6.0+

5.9+

5.8+

5.7+

| (x10™% A)

5.6+

5.5+ 4

5.4+ ]

53 r r r
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Fig. 4: TS spectra of a) non-irradiated CA, b) irradiated CA with 40 kGy, ¢) 50 kGy and d) 60
kGy. Poling temperatures (Tp) are: 1) 318 K, 2) 323 K, 3) 328 K, 4) 333 K, 5) 338 K, 6) 343 K, 7) 348 K
and 8) 353 K. The samples are polarized with E,= 3x10° V/m.

The molecular parameters that characterize
non-irradiated and irradiated CA samples, such
as the activation energy (E.) and pre-
exponential factor (zo) have been estimated and
summarized in Table 2. It was observed that,
the pre-exponential factor values did not
correspond to the classical Debye relaxation
time (102%-10%* sec). These results are in
good agreement with what was previously
published elsewhere for dipolar relaxation of
polymers [24].

The temperature dependence of
relaxation time (t) obeys Arrhenius equation
as follows:

T=1, eXp(E"1 kBT) @

This equation governs either the localized
hopping among potential wells or the rotation
of permanent dipoles, which may be associated
with defects within the polymer matrix [35].
One has to address the issue of compensation
phenomenon in the discussion of TSDC-TS
data. The compensation is a correlation
between pre-exponential factor (z) and the
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apparent activation energy (Ea), as obtained in
Fig. 5. Empirically, the values In 7o and E, are
explained in terms of the compensation law
and it obeys the following equation [36]:

Ty=T7,€ Ea (3)
0™ ‘c Xp kBTC

Substitution of equation (3) into equation (2)
gives the compensation equation as follows:

7(T)=7,exp {% (%_Tiﬂ 4)

Where 7. and T. are adjustable
parameters and defined as compensation time
and compensation temperature, respectively.
One of the most popular assumption of the
compensation phenomenon in a polymer is
based on the possibility of a process in which
chain segments of increasing length contribute
to an increase in temperature until reaching a
maximum size at the compensation
temperature [37].
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Table 2: Molecular parameters of non-irradiated and irradiated CA samples.

Polarization window Tp Tm Ea To
Sample TS No. (To-To) (K) K) ev) (sec)
1 318-313 318 313 0.52 2.30x108
2 323-318 323 315 0.48 1.24x107
3 328-323 328 317 0.48 1.41x107
Non-irradiated CA 4 333-328 333 319 0.38 7.64x10°
5 338-333 338 322 0.31 1.35x104
6 343-338 343 324 0.26 1.04x103
7 348-343 348 326 0.14 1.49x101
8 353-348 353 330 0.16 7.00x102
1 318-313 318 309 0.20 7.51x103
2 323-318 323 313 0.26 7.05x10*
3 328-323 328 317 0.13 1.90x101
Irradiated CA (10 kGy) 4 333-328 333 319 0.13 1.98x101
5 338-333 338 321 0.10 7.97x101
6 343-338 343 323 0.21 7.55x103
7 348-343 348 325 0.10 8.54x101
8 353-348 353 327 0.18 2.87x102
1 318-313 318 315 0.22 3.91x103
2 323-318 323 315 0.29 2.26x10*
3 328-323 328 317 0.42 1.45x106
4 333-328 333 319 0.34 3.66x10°
Irradiated CA (20 kGy) 5 338-333 338 321 0.20 7.32x10
6 343-338 343 323 0.02 73.125
7 348-343 348 323 0.017 95.820
8 353-348 353 321 0.015 114.85
1 318-313 318 307 0.031 25.470
2 323-318 323 309 0.130 1.79x101
3 328-323 328 311 0.193 7.30x10*
Irradiated CA (30 kGy) 4 333-328 333 313 0.183 7.00x10*
5 338-333 338 315 0.114 3.65x101
6 343-338 343 317 0.047 10.755
7 348-343 348 319 0.028 36.574
8 353-348 353 323 0.036 22.585
1 318-313 318 309 0.031 26.005
2 323-318 323 311 0.038 17.629
3 328-323 328 313 0.028 34.520
Irradiated CA (40 kGy) 4 333-328 333 317 0.038 18.314
5 338-333 338 319 0.040 16.470
6 343-338 343 321 0.036 21.410
7 348-343 348 323 0.037 20.929
8 353-348 353 327 0.038 21.005
1 318-313 318 309 0.048 9.290
2 323-318 323 311 0.080 1.744
3 328-323 328 313 0.058 5.475
Irradiated CA (50 kGy) 4 333-328 333 315 0.066 3.731
5 338-333 338 317 0.054 7.295
6 343-338 343 319 0.044 12.795
7 348-343 348 323 0.048 10.981
8 353-348 353 325 0.037 20.688
1 318-313 318 309 0.044 11.387
2 323-318 323 311 0.039 15.987
3 328-323 328 313 0.050 8.413
Irradiated CA (60 kGy) 4 333-328 333 315 0.042 14.263
5 338-333 338 317 0.045 11.888
6 343-338 343 319 0.047 11.010
7 348-343 348 321 0.044 13.087
8 353-348 353 323 0.041 16.411

Egypt. J. Chem. 64, No 5 (2021)
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Fig. 5: The variation of pre-exponential factor () against activation energy (E.) for the elementary
process (TS-peaks) for a) non-irradiated CA, b) irradiated CA with 10 kGy and c) irradiated CA with 10

Arrhenius relaxation can be analyzed using the
Eyring  transformation to get many
thermodynamic parameters such as, activation
enthalpy (AH), activation entropy (AS) and
Gibbs energy (AG). The relaxation time t(T)
can be expressed based on Eyring rate theory
in terms of entropy as follows [38]:

h AG
=——2~8 — 5
7(T) T Xp(kBTJ (5)
Where
AG=AH -T AS (6)

In terms of thermodynamic, the activation
enthalpy defines the heat change associated
with binding, whereas, and the activation
entropy defines the disorder change of the
overall system

Hence,

Egypt. J. Chem. 64, No 5 (2021)

h AH AS 7
e S

Hence, the values of AH and AS at
each polarizing temperature are estimated
from the slope (4H/kg) and intercept (-4S/ks)
of the plot of In (zTks/h) against 1/T, as shown
in Fig. 6. An appropriate regression over the
full range of individual relaxation lines gives
the activation enthalpy and entropy values and
listed in Table 3. So, by knowing the values of
AH and A4S, the values of AG are calculated
and summarized in Table 3.

Compensation  evidence in the
literature is often presented in the form
of a plot between AS and AH and proportional
to linear regression with a slope called
compensation temperature (Tc), as shown in
Fig. 7 according to the following equation.

AS=M, B AH @®)
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Fig. 6: The variation of In (zTkg/h) against 1/T for a) non-irradiated CA, b) irradiated CA with 10 kGy, c¢)
irradiated CA with 50 kGy and d) irradiated CA with 60 kGy.

Where M. is a dimensionless constant and
equals to 4 and g is thermal volume expansion
coefficient [39]. It is easy to justify the
compensation between AH and S when the
free energy changes of similar systems are or
nearly the same [40].  Enthalpy-entropy
compensation (EEC), indicating to any
increase in enthalpy during non-covalent
bonding of two molecules is often largely
canceled out by a simultaneous decrease in
entropy [41]. Similar behavior of enthalpy-
entropy compensation (EEC) behavior has
been published elsewhere in various fields [42-
45]. The narrow range of Gibbs free energy
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(AG) and the interdependence of enthalpy
(AH) and entropy (AS) in the same system
strongly indicate the effect of a Kinetic
compensation effect [46]. Eby assumed that
different relaxation phenomena in the
polymers were attributed to self-diffusion of
chains and stated that the above relation
should be appropriate for the activation criteria
defined in the relaxation studies [47].
Substituting eqn. (8) to eqn. (7) leads to a new
definition of the compensation temperature in

the following compensation equation as
follows:
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Fig. 7: The variation of AS versus AH for a) non-irradiated CA, b) irradiated CA with 10 kGy and c)

Therefore, the compensation temperature (T.) based
on the egn. 9 is now defined as, Tc=1/M. 5. The
compensation temperature can be used to estimate the
thermal

difference of the

volume

AH (kJ/mole)

irradiated CA with 60 kGy.

expansion

coefficient (45) above and below glass transition

AH (kJ/mole)

Table 3: Molecular parameters of non-irradiated and irradiated CA samples.

temperature (Tq) of the polymer using the empirical
formula, Tc=1/ 944 [48]. Hence, the values of g, A8
and T for non-irradiated and irradiated CA samples
are calculated and listed in Table 4.

Sample TS No:  Polarization window Tp (K) AH (kJ/mole)  AS (J/mole deg.)  AG (kJ/mole)
1 318-313 318 47.10 -111.48 82.55
2 323-318 323 43.28 -122.62 82.88
3 328-323 328 43.28 -123.53 83.80
Non-irradiated CA 4 333-328 333 33.64 -156.68 85.82
5 338-333 338 26.83 -180.52 87.85
6 343-338 343 23.75 -197.55 91.52
7 348-343 348 10.46 -238.76 93.55
8 353-348 353 12.37 -232.53 94.46
1 318-313 318 16.28 -222.22 86.95
2 323-318 323 22.01 -194.31 84.77
3 328-323 328 9.553 -240.75 88.52
Irradiated CA (10 kGy) 4 333-328 333 9.553 -241.08 89.83
5 338-333 338 6.646 -252.71 92.06
6 343-338 343 17.19 -214.00 90.60
7 348-343 348 6.646 -253.29 94.79
8 353-348 353 14.37 -224.80 93.73
1 318-313 318 18.19 -208.52 84.50
2 323-318 323 24.92 -184.84 84.63
3 328-323 328 37.38 -142.89 84.25
4 333-328 333 29.74 -169.72 86.26
Irradiated CA (20 kGy) 5 338-333 338 16.28 -194.56 82.05
6 343-338 343 -0.996 -290.18 98.54
7 348-343 348 -1.329 -292.51 100.46
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8 353-348 353 -1.495 -294.01 102.29
1 318-313 318 0.008 -277.31 88.19
2 323-318 323 9.553 -240.25 87.16
3 328-323 328 15.61 -194.56 79.44
Irradiated CA (30 kGy) 4 333-328 333 14.62 -194.23 79.30
5 338-333 338 7.975 -246.23 91.20
6 343-338 343 1.495 -274.31 95.59
7 348-343 348 -0.249 -284.45 98.74
8 353-348 353 0.490 -280.46 99.49
1 318-313 318 0.008 -281.62 89.57
2 323-318 323 0.681 -278.38 90.60
3 328-323 328 -0.27 -284.03 92.89
Irradiated CA (40 kGy) 4 333-328 333 0.681 -278.72 93.49
5 338-333 338 0.872 -277.81 94.77
6 343-338 343 0.490 -280.05 96.55
7 348-343 348 0.581 -279.80 97.95
8 353-348 353 0.681 -279.88 99.48
1 318-313 318 1.644 -273.07 88.48
2 323-318 323 4.652 -259.19 88.37
3 328-323 328 2.575 -268.66 90.69
Irradiated CA (50 kGy) 4 333-328 333 3.323 -265.51 91.74
5 338-333 338 2.159 -271.07 93.78
6 343-338 343 1.246 -266.17 92.54
7 348-343 348 1.578 -274.48 97.09
8 353-348 353 0.581 -279.71 99.32
1 318-313 318 1.246 -274.81 88.64
2 323-318 323 0.747 -277.55 90.39
3 328-323 328 1.827 -272.2 91.12
Irradiated CA (60 kGy) 4 333-328 333 1.063 -276.64 93.19
5 338-333 338 1.354 -275.14 94.35
6 343-338 343 1.545 -274.48 95.69
7 348-343 348 1.262 -275.89 97.27
8 353-348 353 0.971 -277.81 99.04

Table 4: The values of f, A and T. for non-irradiated and irradiated CA

samples.
Sample B AB Te (K)
Non-irradiated CA 8.83x10* 3.92x10"* 283
Irradiated CA (10 kGy) 9.13x10* 4.06x10* 274
Irradiated CA (20 kGy) 9.85x10* 4.38x10* 254
Irradiated CA (30 kGy) 1.34x10°® 5.96x10* 187
Irradiated CA (40 kGy) 1.28x10°° 5.69x10* 195
Irradiated CA (50 kGy) 1.25x10°® 5.53x10* 201
Irradiated CA (60 kGy) 1.22x10°° 5.40x10* 206

The isokinetic behavior of Gibbs free
energy (AG) against the poling temperature
(Tp) for non-irradiated CA and some samples
of irradiated CA as a representative samples is
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shown in Fig. 8.

It is observed that, Gibbs
free energy varies linearly with the poling
temperature, i.e.,
monotonically with T.

it

always

increases
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Fig. 8: The isokinetic plot of AG against T, for a) non-irradiated CA, b) irradiated CA with 10 kGy and c)
irradiated CA with 60 kGy.

4. Conclusion

Global TSDC of non-irradiated and
irradiated CA samples has been investigated in
a temperature range from 300 K to 440 K
under the effect of various poling electric field
(Ep). Itis found that global TSDC spectrum of
non-irradiated CA is characterized by two
relaxation peaks. One in the low temperature
range located at Tn=321 K and the other in the
high temperature range ~ 376-383 K. These
relaxations are assigned as B and p-relaxation
and associated to molecular motion of the
polar acetate groups, C,H3O, and polarization
of the space charges, respectively. Moreover,
the maximum current () of these peaks is
found to be electric field dependent, i.e., it
increases linearly with increasing electric field.
On the other hand, the temperature position of
these relaxations is shifted towards lower
temperature for irradiated samples to be
located at 317 K and ~371 K. This decreasing
in peak position may due to the degradation of
CA samples because of the irradiation process.
TS-technique has been carried out resolve
global TSDC spectra of all samples into its
elementary peaks and the molecular
parameters such as, activation energy and pre-
exponential factor are estimated for each TS
peak. Eyring transformation is used to
construct relaxation map (RM) of all samples,
hence, the thermodynamic parameters such as,
enthalpy activation (AH), entropy activation
(AS) and Gibbs free energy (AG) are
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calculated. The linear relationship between
enthalpy activation AH and entropy activation
AS indicates the compensation law of non-
irradiated and irradiated CA samples is valid.
The compensation temperature (Tc), thermal
volume expansion coefficient (B) and AP are
calculated for non-irradiated and irradiated CA
samples.
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