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ABSTRACT

Electron beam (EB) irradiation has been extensively studied as a tool for tai-
loring the structural and electrical properties of a material. In this work, the
influence of EB irradiation on the structural and transport properties of p-type
thermoelectric Bij 2Pbg33Sr1 54Ca 06C030, misfit cobalties has been investigated.
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Science+Business Media, LLC, The EB doses range from 10 to 50 kGy. The X-ray diffraction patterns are
analysed using Rietveld refinement, which revealed that pristine and irradiated
samples possess a misfit-layered crystal structure composed of two monoclinic
subsystems with different b-axis lengths. The EB irradiation caused the modi-
fication in lattice parameters, resulting in a moderate increase in misfitness (b;/
b,) in the structures. Furthermore, the increase in EB irradiation dosages led to
decreases in resistivity and an increase in the Seebeck coefficient, which can be
attributed to the misfitness (b;/b;). The highest power factor is noted in the
50kGy EB-irradiated sample possessing a value of 284.51 pW/mK? at 224K
and may be considered a promising material for thermoelectric device
applications.

part of Springer Nature 2023

transform waste heat energy directly into electric
power and vice versa. [1]. The thermoelectric mate-
rial’s performance is computed based on the parame-
ter, known as the figure of merit ‘ZT’, mathematically

1 Introduction

The detrimental effect of utilizing non-renewable
energy sources such as fossil fuels has driven the

market for clean and green renewable energy sources.
Thermoelectricity is a sustainable energy conversion
method in which thermoelectric (TE) devices

given as, (S*/pK)T where S is the Seebeck coefficient, p
is electrical resistivity, T is temperature, and K is
thermal conductivity. In order to develop high-class
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material for the thermoelectric application, the ZT
should be high. The challenge in enhancing this ZT
stems from the inverse relationship between the
aforementioned factors. [2]. Also, by raising the dif-
ferential temperature amid the system’s cold and hot
ends, ZT can be improved under conditions where the
system is allowed to run continuously at a high tem-
perature in the air [3]. The intermetallic alloys and
semiconductors such as CoSb; [4, 5] BiSb, Bi;Te; and
SbyTes [6] have high ZT >1 and are most widely used.
Recently, Bi, Te; nanowire of width N = 5 has shown a
high ZT of 2.5at 350 K [7], and n-type SnSe possessed a
high ZT of 2.8 £ 0.5 at 773 K [8]. Nonetheless, the
detrimental nature and high cost of the aforemen-
tioned alloys make their practical applications chal-
lenging, and hence the study of silicides gained
momentum. Silicides are earth-abundant and low-cost
environmentally friendly materials with high ZT > 2
in n-type doped Mg,Si; _ Sny [9]and Si; _ Ge, [10],
but their low melting point, as well as silicon’s (Si) high
thermal conductivity, created a pathway to the ther-
moelectric oxide materials [11]. In 1995, Slack et. al.
anticipated that a good thermoelectric material would
require a unique material property known as “Phonon-
glass electron-crystal (PGEC)”, which is a phe-
nomenon of phonons scattering without significantly
altering the electrical conductivity, comparable to its
occurrence in glass-like materials [12]. In glass-like
materials, the thermal conductivity is low due to the
disordered exchange of energy within the domains
and also possesses insulating behaviour in the absence
of the desirable electron-crystal characteristics [13].
The cobalties are known to possess unique PGEC
characteristics. Terasaki et al. initially in Na,CoO,
reported the highest ZT value of 0.26 at 300 K,
understood due to its large Seebeck coefficient and low
resistivity values [14]. Several studies have been con-
ducted to understand the reasons for the coexistence of
large thermopower and glass-like low thermal con-
duction along with the metal-like electrical conduction
in cobalties [15-17]. One such explanation appre-
hended has been the misfitness (rangesfrom1.6to ~ 2) in
the layered crystal structure [18]. Typically, the crystal
structure of cobalties consists of two monocliniclayers:
the insulating rock salt (RS) type block layer and the
common conducting Cdl, type CoO, octahedra of a
two-dimensional triangular lattice [16]. This stacking
of the layers of different symmetry leads to in-plane
anisotropy in the cobalties and the lattice mismatch
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between these two layers causes chemical pressure
along the b-axis [19]. Furthermore, considering the
electronic structure, the Fermi energy (Ep) value in
these cobalties has been characterized by a narrow
band with a width of less than 2 eV, strong electron—
electron correlation [17], and Kondo-like semicon-
ductors behaviour [20]. Kondo semiconductors are
expected to possess good thermoelectric characteris-
tics with larger thermopower, as pointed out by
Mahan et. al. [21]. Several misfits cobalt oxides
with a layered structure such as CazCo4O9(Co — 349)
[22, 23], BizSI‘zCOQOy(BC — 222) [23] and BizSI‘z
CaCo,0g_5(Bi — 2212) [24, 25] have been studied to
improve the thermoelectric properties of the rock-salt
substructure, and several approaches have been
adopted to change the ratio of misfitness (b1/b2) or
oxidation states of cations. [19, 26, 27]. Furthermore,
adopting quite a few like, physical, chemical, and/or
mechanical methods, cobalties show strong crystallo-
graphic anisotropy behaviour by developing plate-like
grains, a shape anisotropy characteristic. This aniso-
tropy allows grains of conducting planes to align
preferentially, enabling the material to possess high
electrical conductivity [28]. To further improve the
material’s functionality, several post-synthesis pro-
cesses have also been undertaken, such as subjecting
the materials to extremely intense radiations, like
electron beams (EB), gamma rays, ion beams, and
neutron beams. The aforementioned high-energy
particles interact with materials causing defects like
vacancies, interstices, and ionization. [29-32]. Kim et.
al. reported a 5% enhancement in the power factor in
the electron beam-irradiated Si;_,Ge, thin film [13].
Sotelo et. al. reported that substituting Pb*" to the Bi**
site is one of the effective ways to induce cation in the
rock salt sub-structure and enhance thermopower [3].
Keshri et. al. reported non-stoichiometric
Bi1_2Pb0,33Sr1‘54Ca2_o6CU3Oy, whichis poorer inBiand Sr
concerning 2 : 2 : 2 : 3 and substituted of Pb*" to Bi*"
site to form stable compound synthesized under
normal condition [33]. In this study, in accordance
with the aforediscussed Bi-based cobalties, we
have synthesized a non-stoichiometric [(Bi, Pb), 5(Sr,
Ca); 50,],Co0, where (x = 1.02) via nitrate route. In
order to enhance the thermoelectric performances, the
ratio of misfitness (b;/b,) has been altered by subject-
ing the synthesized Bij 2Pbg33511.54Ca06C030y to EB
irradiation.
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2 Experimental

Polycrystalline samples of Bij.2Pbg33Sr1.54Caz06C030,
was synthesized using the nitrate method. The dilute
nitric acid solution was used to dissolve the stoi-
chiometric amounts of bismuth oxide (Bi,O3), lead
(ID) nitrate, [Pb(NO;),|, strontium carbonate (SrCO;),
calcium carbonate (CaCO;), and cobalt acetate
(CH3C00),Co. The gel was dried at 400 °C for 4 h,
calcined for 8h at 600 °C, and finally sintered at
800 °C for 48 h with intermediate grindings and
pelletization. To confirm phase purity and formation,
a Bruker D8 Advance X-ray diffractometer was used
to acquire a powder X-ray diffraction (CuKoradiation)
pattern. The elemental and morphological analysis
was carried out using energy-dispersive X-ray (EDS)
and scanning electron microscope (SEM). Raman
measurements were taken using the 488 nm (2.53 eV)
LabRAM — HR800 spectrometer. The thermopower
measurement was taken using an automated preci-
sion load-based measurement setup in the tempera-
ture range of 10-300 K, inbuilt at UGC-DAE
Consortium for Scientific Research, Indore [34, 35],
and the resistivity measurement was taken using a
standard four-probe technique using a homemade
resistivity insert.

3 Results and discussion

3.1 X-ray diffraction study and SEM
analysis:

The room temperature (RT) powder X-ray diffraction
(XRD) patterns of pristine and irradiated
Bi12Pbg33S11.54Caz,06Co30, samples, along with the
Rietveld pattern [36] refined using FullProf software
[37] are shown in Fig. 1

The samples are seen to be indexed into two
monoclinic subsystems of a layered cobalt crystal
with common axes of [100]" and [001]" and a misfit
parameter of [010]* [38, 39]. Furthermore, the CoO,
and RS (Bi,Pb), 5(Sr,Ca); 50,, are two-layered struc-
tural phases that are alternately arranged along the c-
axis. Each Co atom in the CoO; layer is surrounded
by six O atoms in an edge-sharing octahedral shape
and the four consecutive layers of
Sr(Ca)O—Bi(Pb)O—Bi(Pb)O—Sr(Ca)O surround the
RS layer. It has been observed that the lattice prop-
erties of the irradiated samples change fairly without
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changing the crystal structure. Irradiation causes a
rise in (b1/b2), which causes defects to occur owing
to vacancy. The key aspect influencing the electrical
properties of misfit cobalties is an increase in the
misfitness ratio (b1/b2) with increasing EB irradia-
tion dosage. The structural parameter values
obtained from the refinement are listed in Table 1.
As discussed earlier, EB irradiation induces inter-
nal strain in the crystal structure by creating lattice
distortions. To confirm the intrinsic strain and to
calculate the average crystallite size of pristine and
irradiated samples Williamson and Hall (W-H)
equation has been adopted [40-42] (Eq. 1).
ﬁcosH:Q+4sSin0 (1)
D
Here f = full width half maximum (FWHM), 0 =
diffracting angle, K = Scherrer constant
(0.9), h = 1.5406A°(Wavelength of CuKa), D = crys-
talline size and, ¢ is the strain [40]. As illustrated in
Fig. 2, the plot is drawn with fcos0 along the y-axis
and 4sinf along the x-axis. The lattice strain and
crystalline size are estimated from the slope and the
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Table 1 Structural parameters obtained by Rietveld analysis of the XRD pattern:

2 v T T T v T
08 10 1.2 14 16 18 2.0 22

Parameters/samples Pristine 10 kGy 20 kGy 30 kGy 40 kGy 50 kGy
Crystal structure Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space group pm pm pm pm pm pm
al = a2(A°) 4.749(5) 4.808(2) 4.913(8) 4.907(9) 4.822(2) 4.593(8)
b1(A°) 4.351(5) 4.258(3) 4.386(8) 4.385(6) 4.750(3) 4.674(4)
b2(A°) 2.778(3) 2.701(9) 2.694(2) 2.688(7) 2.704(5) 2.582(2)
cl = c2(A°) 14.812(1) 14.994(7) 14.574(2) 14.577(5) 14.969(8) 14.915(7)
B1 = B2 (degrees) 95.230(5) 97.221(5) 96.178(5) 96.303(5) 95.276(1) 94.821(5)
b1/b2 1.566(2) 1.576(1) 1.628(2) 1.631(1) 1.756(4) 1.810(5)
Rp 1.32(4) 2.89(3) 3.30(8) 3.22(5) 2.02(7) 0.89(9)
$ 2.43 1.90 1.50 1.53 1.28 1.63
Crystalline size (nm) 22.34 22.45 22.59 22.66 22.87 22.91
Strain (107) 9.11 9.12 9.55 9.94 10.13 11.23
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Fig. 2 Plot of B, Cos® V/s 4Sin0 of pristine and EB-irradiated Bij 2Pbg 33S11.54Caz06C030,

intercept of the plot and are tabulated in Table 1. The
crystalline size has been observed to grow with the
increase in EB dosage. This increase in crystalline size
caused by EB irradiation can be attributed to a rise in
crystal order caused by enabling grains to orient in a
preferable direction [43]. The increased strain values
with increasing EB irradiation, confirm that the EB
irradiation induces strain in the crystal structure,
which may result in an increase in misfit along the
b-axis.

Figure 3 shows the SEM images of pristine and EB-
irradiated Bi1A2Pb0A33SI‘1,54C8.2A06C03Oy. The rnorphol—
ogy of the samples suggests that the pristine and EB-
irradiated samples have randomly oriented flat
grains of similar size which are densely distributed.

@ Springer

Kudo et. al. reported that EB irradiation increases the
order of the crystal [44]. Takashiri et al. observed that
EB irradiation causes atoms in the crystal to migrate,
resulting in the seed crystal orienting in the favoured
direction [43]. In this study, in the SEM images of
10 — 30kGy, any observable change has not been
observed compared to pristine sample images. As
mentioned earlier the grains of conducting planes can
be preferentially oriented using physical, chemical,
and/or mechanical processes [28]. In 40 and 50kGy-
irradiated samples, an increment in grain size has
been observed, which suggests that EB irradiation
alters surface and cross-sectional morphology [45].
This has been verified by calculating the average
grain size using Image-] software, which is shown as
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Fig. 3 SEM images of pristine
and EB-irradiated
Biy 2Pby 33511.54Caz 06C030y
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Fig. 4 Histogram indicating grain size of pristine and EB-irradiated Bij 2Pby 335r1.54Cay 06C030,

a histogram plot in Fig. 4. It has been found that the
grain size increased with the increase in EB irradia-
tion dosage. The stoichiometric compositions were
determined using EDS. The EDS mapping of the
pristine and 50kGy EB-irradiated sample is shown in
Fig. 5, which reveals that the stoichiometric compo-
sition remains intact during sample preparation and
after the EB irradiation.

Raman spectroscopy is used to analyse the lattice
structure, distortions in the crystal, ion distribution,
etc. Figure 6 shows the RT Raman spectra of the
pristine and EB-irradiated Bil,2Pb0,33$r1,54Ca2,06C030y

recorded in the wavelength range of 150 — 780cm ™.

For the pristine and EB-irradiated samples, the four
phonon peaks were observed at 219cm~! (P1),
290cm~! (P2), 452cm~! (P3), and 615cm ™! (P4). By the

1
approximation of a harmonic oscillator, w = (ﬁ)z,
where ‘K’ and ‘W are force constant and reduced
mass, respectively, the heavier atoms must vibrate in
the low wave number zone [46]. Here, the vibrations
significant to heavier atoms like Bi, Sr, Ca, Co, etc.,
would be lower than 150cm ™! and higher for lighter O
atoms [47]. Therefore, we understand that peaks P1,
P2, P3, and P4 resemble the vibration of oxygen
atoms. The vibrations of O atoms in the Co — O and
Ca — O planes of the Ca;CoOs layers, respectively, can

@ Springer
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Fig. 5 EDS plot of pristine and 50 kGy EB-irradiated Bij.2Pbp335r1.54Caz,06C030y
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be connected to P1 and P2 [48, 49]. It is reasonable to
assign P1 and P2 to the F,; phonon [50]. P3 and P4 to
Ei, and A, phonon compared with E;, phonon with
472 em™' and Aj, phonon with 593 cm™' for Na,.
CoO; [51]. The intensity of Raman spectra increases
with increasing EB irradiation which confirms the
increased defect density upon EB irradiation [52].

3.2 Electrical and thermoelectric properties

Figure 7a shows the temperature (T)—dependent
resistivity (p) plot of pristine and electron beam-ir-
radiated Biy 2Pbg 33511 54Caz 06C030y. The resistivity
increased with a decrease in temperature suggesting
the insulating behaviour of studied samples mea-
sured in the temperature range 10-300K. Further-
more, the resistivity value is seen to decrease with an
increase in EB irradiation. This decrease in resistivity

-1

(b) —SPHFit

12 4

13 / J

-14 T T T T T T T T
32 34 36 38 40 42 44 46 48 50

1000/T

In(p/T)

Fig. 7 a Temperature (T)-dependent resistivity (p) plot, b fitting of (p) of pristine and EB-irradiated Bi; 2Pbg33Sr1.54Ca306C030y
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can be attributed to lattice strain and possibly due to
the creation of holes via defects due to the bom-
bardment of EB. Since the studied samples are p-
type, the creation of holes via defects enhances carrier
concentration (p). The resistivity equation, i.e.,

p= 1/]96#’ where ‘p’ is the carrier concentration of

holes, ‘e’ is the charge of an electron, and ‘i is the
mobility, suggesting that the resistivity varies inver-
sely with carrier concentration. Thus the decrease in
resistivity due to the bombardment of EB is evident
due to increase in p-type carriers. The decrease of
resistivity with EB irradiation has also been reported
in ProgSrg2CoO3 cobalties by Christopher et. al.[53].

It is also widely known that in cobalties tiny
polarons are typically produced by the excitation of
electrons from the constrained band of the low spin
state of the ‘e;” orbital to the excited state of Co —3d
[54]. The resistivity data were examined by taking the
small polaron hopping (SPH) model [55] mentioned
in Eq. 2 to understand the transport mechanism of
temperature-dependent resistivity of pristine and EB-
irradiated materials.

E
p(T) = pTexpi 2)

In this equation, ‘E," = activation energy and ‘Kg’' =

Boltzmann constant, p, = represents the coef-

2Ky
3pe2a2d)
ficient of resistivity, ‘e’ electron charge, ‘a’ site to site
hopping distance and ‘9 is longitudinal optical
phonon frequency. The resistivity data in the high-
temperature regime has been studied using Eq. 2,
and accordingly the plot of In(p/T) vs temperature
inverse (1/T) for pristine and electron beam-irradi-
ated Bi1‘2Pb0_33SI'1'54Ca2'06C030y is shown in Flg 7b.
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The good fitting of the resistivity data to Eq. 2 implies
that tiny polarons are responsible for conduction at
high temperatures. Table 2 displays the relevant
parameter’s best-fit value. One can note that an
increase in EB irradiation dosage increased the acti-
vation energy (E,) while lowering the p,, signifying
the presence of weak double exchange (DE) [45, 56].
It is well-accepted that the coefficient of resistivity
(p,) is inversely proportional to site-to-site hopping
distance ‘a’, thus hopping energy increases with
irradiation, which also caused a decrease in electrical
resistivity [54, 571.

The temperature-dependent Seebeck coefficient ( S)
of pristine and electron  beam-irradiated
Bi1Asz0A33SI‘1,54Ca2A06C03Oy is shown in Fig. 8a in the
temperature range (10-300K). S = AV/AT where AV
is the thermoelectric potential difference, and AT is
the temperature difference between the hot and cold
end. The studied samples are purely p-type at par
with the reported cobalties, and the positive S value
in the measured temperature range shows that the
holes are the predominant charge carriers [3]. The
Seebeck coefficient makes it clear that the Jahn Teller
(JT) distortion predominates in the samples, as when
sufficiently strong static JT distortions are present,
holes are the predominant charge carriers [54].

Furthermore, the metal-to-insulator transition at
characteristic temperatures, ‘Ts’ is noticeable in the
studied samples and can be attributed to confined
charge carriers controlled by polarons causing the
metal-to-insulator transition. One can note the See-
beck coefficient value increases as the EB irradiation
dosage is increased, which can be ascribed to the
lattice defects, specifically vacancy, created due to EB

Table 2 Fitting parameters calculated from resistivity and thermopower data of pristine and EB-irradiated Bij.2Pbg.33511 54Ca3 06Co30y

samples

Parameters/sample  Pristine 10 kGy 20 kGy 30 kGy 40 kGy 50 kGy

EA (meV) 27.78 £ 0.82 29.84 £ 0.76 30.56 + 0.91 30.96 + 0.78 31.24 + 0.94 31.54 £ 0.89
Py (Qm)(107) — 14.66 £2.01 — 1434 £2.03 —1427+£227 — 14104253 —1354+£241 —12.77+221
So (LV/K) 61.89 + 1.65 74.35 + 1.41 50.01 + 0.78 39.65 + 1.29 48.24 £ 2.07 6.42 + 0.84

S (UV/K!?) —2.86 £ 0.24 — 8.09 £ 0.76 — 859 +£0.53 — 8.80 +£ 0.77 — 8.85 £ 097 —10.12 £+ 0.84
So(UV/K?) (1072) 1.60 & 0.06 0.05 + 0.06 1.39 £+ 0.05 0.56 &+ 0.06 0.63 = 0.10 1.06 &+ 0.04
S5(uV/K?) 1.43 £ 0.25 4.30 + 0.64 4.04 + 0.49 443 +0.42 4.40 £ 0.11 5.06 &+ 0.54
S4(UV/K?Y (1075 — 1924 +£127 —1586£1.63 — 6.52+1.42 — 1294+ 161 —1555+275 —24.67=+1.09
Es (meV) 1.12 £ 0.21 1.63 + 0.04 2.01 £+ 0.17 2.02 £ 0.01 2.84 £ 0.14 2.94 + 0.05

o — 1.19 £ 0.08 — 1.12 £ 0.04 — 1.03 £ 0.03 — 1.02 £ 0.03 —0.75 £ 0.04 — 0.84 £ 0.01
T, (K) 192.64 210.09 183.29 226.87 219.69 214.11
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Fig. 8 a Temperature (T)-dependent Seebeck coefficient (S)
Bij 2Pby.33511.54Cay 06C030,

irradiation. According to Fujii et al., the mismatch
between the CdI2type and rock salt layers causes a
significant anisotropic Seebeck coefficient in cobalties
[38]. From Table 1, it is evident that the increase in EB
dosage increases the ratio of misfitness, thereby
increasing the Seebeck coefficient. The highest
observed Seebeck coefficient, 358.53uV /K is observed
for the 50kGy EB irradiated sample.

The Seebeck coefficient has been examined using
Eq. 3 to understand the contributions of the various
scattering mechanism in the metallic region of the
studied samples.

S(T) = So + S¥2T" 4 S,T* 3)
where S has no physical origin, $* 27% contributed
by electron-magnon scattering, and S4T* contributed
by spin-wave fluctuations [58, 59]. The experimental
data were initially fitted with Eq. (3) and it can be
observed that Eq. (3) is insufficient to fit and explain
the conduction mechanism. As discussed earlier the
cobalties belong to the special class of material called
Kondo semiconductors and the evident slight upturn
trend in the low-temperature region in the Seebeck
coefficient plot suggests Kondo-like scattering in the
studied samples. Therefore, it is plausible to add the
Kondo term in Eq. (3) and the modified equation is
given by;

S(T) = So + 53/23/272 + SyT? + S3T° + S, T (4)

@ Springer
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with the fitting of (S) b Power factor of pristine and EB irradiated

where S,T? is due to kondo-like scattering and S3 T3 is
due to phonon drag produced by electron-phonon
interaction. The best-fit values are tabulated in
Table 2. The best-fit scattering coefficient values
confirm that EB irradiation creates a vacancy, which
enhances scattering and results in a higher Seebeck
coefficient.

The high-temperature insulating regime of S(T) is
fitted by Mott’s polaron hopping model [32] using
Eq. 5.

Kp | E
0= [

(5)

Here, ‘Es’ is the activation energy, and ‘o’ is the
constant governing the relationship between heat
transfer and an electron’s kinetic energy. If o <1
indicates a small polaron exists, whereas (x> 1)
implies the existence of large polarons. It is observed
that the activation energy ‘Es’ increases with an
increase in EB irradiation dose. A similar trend of
‘EA” has been observed in resistivity fit. The obtained
o value from fitting is less than unity suggesting that
at high-temperature thermoelectric transport is
dominated by small polarons, the results are tabu-
lated in Table 2.

Figure 8b shows the temperature-dependent
power factor (PF) of pristine and EB-irradiated
Biy 2Pbg 33511 54Cay 06C030y, calculated using the for-

mula PF = §?/p. The PF value increases maximally as
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Fig. 9 Experimental values
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temperature rises and monotonically declines above
‘Ts’. A similar pattern may be seen in the PF plot and
the Seebeck coefficient plot. As discussed earlier, the
b,/b, ratio (misfitness) increases with increased EB
irradiation, causing a decrease in electrical resistivity
and an increase in the Seebeck coefficient, thereby
resulting in an increase in the PF value. Our pristi-
ne non-stoichiometric sample shows a PF of
9.9uW/mK? at 224K, which is higher than the previ-
ously reported PF in stoichiometric
Bi1 gPbp2Sr,Ca,Co30, samples with a value of
~1.254W/mK? at 224K [3], suggesting that non-stoi-
chiometric compounds are more resilient and can
show higher performance. The sample exposed to
50kGy of EB radiation possesses the maximum PF
value, which is ~ 284.51uW/mK? at 224K. The
increase/decrease percentage values of resistivity,
Seebeck and PF with EB irradiation are shown in
Fig. 9.

4 Conclusion

It is vital to increase the misfitness ratio (b1/b2) in
thermoelectric cobalties to improve thermoelectric
efficiency. A systematic study on the effect of electron
beam irradiation on the thermoelectric properties of
misfit Bij 2Pbg33Sr1.54Caz,0sC030, has been carried out.
It is evident from this study that the ratio of misfit-
ness increased with an increase in EB dosage. SPH
model and the data reveal that at high-temperature
small polarons are accountable for conduction in
pristine and EB-irradiated samples. The power factor
is observed to increase with the increase in misfitness
on exposing the samples to EB irradiation. The
maximum power factor of 284.51uW/mK? at 224K is
evident in the 50kGy EB-irradiated sample. PF value
increased by 2770.94% in the 50kGy EB-irradiated
sample when compared to pristine
Bi].2Pb0_33SI'1‘54C32.06C030y at 224K. At the said
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temperature of 224K, this can be attributed to a
decrease in electrical resistivity by 83.17% and an
increase of the Seebeck coefficient by 119.73% in the
50kGy EB irradiated sample in comparison with the
pristine sample.
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