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Abstract

Incorporating a secondary phase represents a promising strategy for enhancing the
thermoelectric performance of materials. In this study, CulnTe2 was modified with SnTe
powders at various weight fractions (0, 0.5, 1, 2, 4 wt%) and subsequently synthesized via
rapid microwave melting. The phase composition and microstructure of the resulting
materials were systematically characterized. Structural analyses revealed that the
introduction of SnTe induced the incorporation of Sn and Te into the CulnTe: lattice,
accompanied by a progressive contraction in lattice parameters. Owing to the
spontaneous formation of intrinsic Sn vacancies in SnTe and the regulation of carrier
concentration, electrical conductivity of up to 2.7 x 10* Sm~! was achieved, representing a
1.7-fold increase over pristine CulnTez. Coupled with a notable reduction in lattice
thermal conductivity (0.9 WmK~ at 700 K), a maximum figure of merit of 0.44 was
obtained for the CulnTe:-2 wt% SnTe sample. While the absolute zT value is moderate
compared to state-of-the-art CulnTez-based materials, this work establishes the feasibility
of microwave melting combined with second-phase incorporation as a rapid and energy-
efficient synthesis pathway for CulnTe2 modification. These results demonstrate that the
introduction of SnTe is a viable strategy for enhancing the thermoelectric performance of
CulnTeo.

Keywords: thermoelectric material; rapid microwave melting; carrier concentration
modulation; defect engineering; CulnTe:

1. Introduction

Thermoelectric (TE) technology is considered a compelling pathway for harvesting
renewable energy, offering a viable means for waste heat recovery and refrigeration [1-
3]. The conversion efficiency of a thermoelectric device is predominantly determined by
the dimensionless figure of merit zT = (a?0) T/x, where a, o, a?0, x, and T are the
Seebeck coefficient, electrical conductivity, power factor, thermal conductivity, and
absolute temperature, respectively [4,5]. Approaches to enhancing zT can be categorized
into a0 (power factor) boosting by optimizing the n (carrier concentration) [6,7], or kt
(lattice thermal conductivity) reducing by defect engineering [8,9]. Although electrical
conductivity modulation by carrier concentration tuning has been widely attempted, the
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thermal conductivity is invariably compromised due to inherent coupling between
electrical conductivity and carrier thermal conductivity. From this perspective, strategies
such as carrier pocket engineering [10-12], interfacial effects [13,14], and entropy
engineering [15,16], as well as energy-filtering effects [17,18] have garnered significant
interest for their capacity to concurrently modulate the intrinsic carrier concentration and
enhance phonon scattering. Consequently, the primary focus in thermoelectric research is
the discovery and development of materials that achieve substantially higher zT values.

Among the TE materials, the ternary Cu-based p-type semiconductor, CulnTe:,
characterized by a comparatively narrow bandgap, has been extensively investigated
[19,20]. A preferred approach to improving thermoelectric properties is introducing alien
atoms into the matrix to optimize carrier concentration [21]. In addition, adjusting the
stoichiometry in CulnTe2 will generate stress fields and defects, which are recognized to
contribute to significant lattice thermal conductivity reduction. For instance, the use of
non-stoichiometric CulnTe> synthesized by Kim et al., effectively improved the power
factor by ~16.1 uW cmK? at 723 K [22]. Through a systematic variation in Cu content in
CulnTey, Li et al. achieved controlled modulation of Cu vacancies, thereby establishing
vacancy engineering as a viable route to improved thermoelectric performance [23]. Luo
et al. demonstrated that the heterogeneous matrix/precipitate interfaces, through an in
situ oxidation, effectively enhanced the power factor and enhanced phonon scattering,
resulting in the improvement in zT [24]. This approach has motivated the present study
on CulnTe2 modified via SnTe incorporation. These innovative strategies have provided
renewed momentum for tailoring both the chemical composition and microstructure of
thermoelectric materials to achieve enhanced zT values.

In this study, we specifically explore the role of SnTe incorporation in altering the
charge and heat-carrier transport within CulnTez. Phonons with varied frequencies were
expected to be further scattered by multiscale defects —such as point defects, precipitates,
and grain boundaries induced by SnTe incorporation—leading to enhanced
thermoelectric properties. In parallel with material composition optimization, the
synthesis methodology itself represents a critical, but often overlooked, dimension of
thermoelectric materials research. Conventional preparation methods for CulnTe:2 and
related compounds typically involve long-duration melting (several hours) followed by
slow cooling or hot-pressing. In recent years, rapid synthesis techniques—including
microwave-assisted methods, levitation melting combined with spark plasma sintering,
and hydrothermal approaches—have emerged as alternatives that significantly reduce
processing time from hours to minutes while maintaining or even improving material
quality. Meanwhile, microwave heating (MH) offers distinct advantages over
conventional synthesis methods, including higher energy conversion efficiency and lower
processing cost. Although this technique has been successfully employed in the
preparation of thermoelectric materials such as BiCuSeO-Cu:Se and Cu2Se [25,26], its
application to CulnTe2 remains largely unexplored.

This work aims to address these gaps by establishing microwave melting combined
with SnTe incorporation as a rapid and energy-efficient synthesis pathway for CulnTe:
modification. While our primary objective is not to achieve the highest possible zT value
but rather to demonstrate the feasibility of this innovative synthesis approach, our
findings reveal a 1.7-fold enhancement in electrical conductivity relative to pristine
CulnTez, coupled with significant reduction in lattice thermal conductivity due to
multiscale defect scattering. We acknowledge that the current peak zT of 0.44 at 675 K is
lower than state-of-the-art CulnTe:-based materials reported in the literature; however,
this study provides critical foundational insights for further optimization of carrier
concentration and SnTe doping amounts. Our results establish a viable pathway for
CulnTez modification via rapid microwave melting, with systematic optimization
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expected to yield significantly improved zT values in forthcoming studies. These findings
may serve as a valuable reference for guiding the continued development and
optimization of CulnTe: thermoelectric systems, particularly emphasizing the balance
between performance and energy-efficient synthesis.

2. Results and Discussion

The powder XRD patterns of the prepared CIT samples have been depicted based on
the tetragonal CulnTe: (space group, I-42d, a=b=6.18 A, c=12.39 A), as shown in Figure
1. Additionally, weak diffraction peaks corresponding to the cubic SnTe phase (space
group, Fm-3m, a =b = ¢ = 5.99 A) are detected within the resolution limit of XRD. The
coexistence of CulnTez and residual SnTe-derived features may contribute to the
reduction in lattice thermal conductivity through enhanced phonon scattering at lattice
distortions and local strain fields. An enlarged view of the diffraction patterns between
47° and 51° is plotted in Figure 1b. A systematic shift in the diffraction peaks toward
higher 20 values is observed with increasing SnTe content, which is primarily attributed
to the partial substitution of indium (1.56 A) by tin (1.45 A), as the smaller ionic radius of
Sn leads to a decrease in interplanar spacing. This shift corresponds to a progressive
contraction in the lattice parameters, which has also been reported in the Cu2Se and
CusSbSes systems [27,28]. Combined with the lattice distortion schematic (Figure 1c) and
XRD patterns, it can be inferred that various structural features present within the material
may collectively act as potential phonon-scattering centers. Further analysis of the role
played by these effects in modulating the electrical and thermal transport properties of
CulnTe: will be discussed in a later section.
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Figure 1. (a) XRD patterns of CIT samples, the black square is labeled as the SnTe phase; (b) the
enlarged diffraction peaks of CIT samples; (c) schematic diagram of lattice distortion, schematic

diagram of lattice distortion.

To further investigate the fractured surface of CIT samples, SEM analysis was
conducted. Densely packed grains were observed, indicating good sinterability and low
porosity in the prepared CulnTe:. However, a limited number of micro-holes and
precipitates, ranging in size from hundreds of nanometers to several microns, were also
observed embedded along the grain boundaries of the CulnTe2-2 wt% SnTe sample, as
marked by the cyan circle in Figure 2. The porosity of the CIT samples was increased upon
SnTe incorporation, which is considered beneficial for enhancing phonon scattering and
suppressing lattice thermal conductivity. In addition, to further determine the distribution
of each constituent element, the CulnTe2-4 wt% SnTe sample was analyzed by elemental
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mapping. A homogeneous distribution of Sn was confirmed by the EDS analysis
presented in Figure 2e, suggesting that Sn derived from SnTe was incorporated into the
CulnTe2 matrix. This can be intuitively interpreted from Figure 2f, where numerous
interfaces were provided by residual secondary phases, and pores in this system could
lead to significant modifications in the electrical and thermal transport properties. It is
well-established that microstructural features such as the size, number, and distribution
of pores directly affect the relative density. The density and relative density of the CIT
samples fabricated via the microwave method are presented in Table 1. The relative
density of all samples exceeded 95%, and the theoretical density was calculated based on
the nominal composition of CulnTe: with varying SnTe additions. It can be inferred from
Table 1 that the relative density of SnTe-modified samples was lower than the pristine
phase.

SnTe‘compounds
icro-holes

Figure 2. Cross-sectional SEM images of CIT samples. (a) CulnTe>-0.5 wt% SnTe sample; (b)
CulnTe2-1 wt% SnTe sample; (c) CulnTe2-2 wt% SnTe sample; (d) CulnTez2-4 wt% SnTe sample, the
white dotted circles clearly show the presence of micrometer-sized holes; (e) EDS elemental
mapping for the CulnTez-4 wt% SnTe sample; (f) schematic of the phase interface, the blue bullets

represent SnTe phase inclusions and micropores

Table 1. The density, relative density, and carrier concentration of CIT samples.

Composition Density  Theoretical Density = Relative Density n
(g/cm?) (g/cm?) (%) (cm-)
CITO 5.970 6.092 98.0 6.7 x 10v7
SnTe 6.322 6.464 97.8 1.4 x 102
CIT 0.5 5.919 6.076 974 7.5 x 107
CIT1 5.880 6.077 96.7 2.5 x 10
CIT 2 5.878 6.081 96.6 6.4 x 1018
CIT 4 5.867 6.088 96.4 9.6 x 1018

The electrical properties of CIT samples obtained by the microwave method are
shown in Figure 3. The electrical conductivity (0) and electrical conductivity gradient (k)
of CIT samples are displayed in Figure 3a,b, respectively. It can be seen that the electrical
conductivity for all samples exhibited a monotonic increase as the temperature was
elevated. For a given temperature region, the owe of samples increased substantially with
SnTe content, rising from 7 x 103 Sm to 2.7 x 10* Sm™, representing a 170% enhancement
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over that of pristine CulnTe:. It can be observed that the ¢ of the CulnTe>-2 wt% SnTe
sample and the CulnTe2>-4 wt% SnTe sample remained nearly constant at 750 K, and was
142% higher than that of the pristine phase. In order to quantify the manipulation of
electric performance in CulnTe: after SnTe addition, the relationship between the slope of
o and the added amount of SnTe at different temperatures were summarized, as shown
Figure 3b. For the x <2 composites, the value of k increased with the SnTe addition, which
was attributed to the high n ~10% cm= (Table 1) owing to the spontaneous formation of
intrinsic Sn vacancies. For the x = 4 sample, the increasing trend of k was slowed down
after 475 K. This observation suggests that the interaction between the Cu and SnTe might
potentially contribute to the variation in electrical conductivity, although the exact
mechanism remains to be further investigated. It is speculated that an ionic exchange
process could possibly influence the overall carrier contribution to electrical properties
within the temperature range, [29,30] but definitive confirmation requires additional
characterization such as XPS analysis. Consequently, with increasing x, a diminution
trend of the k for CulnTe: is observed. Figure 3c depicts the energy-band model of the
SnTe-modified CulnTe: system [31]. The significant enhancement in electrical
conductivity can be primarily attributed to the substantial increase in hole carrier
concentration (from 6.7 x 107 cm for CIT 0 to 9.6 x 108 cm™ for CIT 4, as listed in Table
1), which arises from the spontaneous formation of intrinsic Sn vacancies (Vs:) within the
incorporated SnTe. As illustrated in Figure 3¢, the introduction of SnTe establishes a type-
I (straddling) band alignment at the SnTe/CulnTe2 hetero-interfaces due to the narrower
band gap (0.20 eV) and higher-lying valence band maximum (VBM) of SnTe compared to
CulnTe:z (1.06 eV), driving hole injection from SnTe into the CulnTe2 matrix and elevating
the overall carrier concentration while creating potential barriers at the interfaces. These
potential barriers simultaneously enable the energy-filtering effect that preferentially
scatters low-energy carriers while allowing high-energy carriers to pass through,
enhancing the Seebeck coefficient without significantly compromising electrical
conductivity. Furthermore, Sn incorporation and the resulting lattice contraction alter the
band curvature near the Fermi level, with calculations based on the single parabolic band
(SPB) model indicating an increase in the density-of-states effective mass (1) from 0.04 mz.
(CIT 0) to 0.08 m. (CIT 2). Therefore, the superior electrical transport properties result from
a synergistic effect combining enhanced carrier concentration from Sn vacancies, carrier
energy filtering at hetero-interfaces, and moderately increased density-of-states effective
mass due to band structure modulation, which decouples the traditional inverse
relationship between electrical conductivity and the Seebeck coefficient and enables the
observed significant improvement in the power factor. The carrier concentration values
were extracted from Hall effect measurements using the van der Pauw method. The Hall
coefficient Ry was measured, and the carrier concentration n was calculated using the
relation n =1/eRy,, where e represents the elementary charge. The temperature-
dependent Seebeck coefficient for the CIT samples is plotted in Figure 3d. The positive
values of the Seebeck coefficient indicated that holes were the dominant charge carriers
across all compositions. Moreover, the Seebeck coefficient decreases with increasing SnTe
content, which is attributed to the enhanced carrier concentration. Additionally, the
effective mass was calculated to be 0.04 m. and 0.08 m. for CIT0.5 and CIT2, where m.
represents the free electron mass. These observed variations suggest that SnTe
incorporation influences both the carrier concentration and the effective mass, as
summarized in Figure 3e. Within the framework of a single parabolic band (SPB) model,
assuming acoustic phonon scattering, the effective mass of charge carriers (m*) was
derived using the following expressions:
. 1 n: 2
™ T i) M
2
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where the ks, #, 1, and e are the Boltzmann constant, reduced Planck constant, reduced
Fermi energy, and elementary charge, respectively.
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Figure 3. (a) Electrical conductivity of CIT samples; (b) electrical conductivity gradient; (c) schematic
diagram of the energy band of SnTe/CulnTe2 composite material, where h represents the hole; (d)

Seebeck coefficient; (e) carrier-concentration-dependent Seebeck coefficient.

The total thermal conductivity (xwt) of CIT samples is shown in Figure 4a. Owing to
strong phonon—phonon interactions, which are typical for crystalline materials, the xtot
was observed to decreased rapidly with the increasing temperature [32]. Additionally, the
total thermal conductivity measured for the x = 2 sample was found to be substantially
lower than that of the pristine composition. To further elucidate the composition
dependence of thermal conductivity, we extended our measurements to include
additional samples with 1.5% and 2.5% SnTe inclusion. As clearly demonstrated in Figure
4a, the thermal conductivity exhibits a non-monotonic variation with respect to SnTe
content. The lattice conductivity decreases progressively from the pristine sample to the x
=1.5% sample, reaches a minimum at x = 2 wt%, and then shows a noticeable increase for
both the x = 2.5% and x = 4% samples. This non-monotonic behavior can be rationalized
by considering the competing mechanisms governing phonon scattering in the SnTe-
modified CulnTe:z system. The electronic thermal conductivity (Figure 4d) was calculated
using k. =LoT . To avoid underestimation of the lattice thermal conductivity
contribution, the Lorentz constant (L) obtained from the single parabolic band (SPB)
model was adopted, as shown in Figure 4b. It can be seen that the trend of electronic
thermal conductivity of CIT samples was consistent with the electrical conductivity. With
increasing SnTe content, the xr of CIT samples decreased and reached 2.3 Wm~K- at 300
K in the CulnTe:-4 wt% SnTe sample (Figure 4c), which can be partly attributed to
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enhanced phonon scattering at lattice distortions and local strain fields induced by SnTe
incorporation.

Itis speculated that the presence of Sn-related defects and residual structural features
enhanced phonon scattering across the entire measured temperature range. To further
elucidate the origin of low thermal conductivity, the structural defect parameters u (anion
positional parameter) and 1 (tetragonal distortion parameter) of samples were calculated.
These parameters are derived from the Abrahams and Bernstein formulas and
characterize the degree of structural distortion in the chalcopyrite crystal lattice:

1

1 1 [c? 2
“25_4\5(?_2) @
c
=% ®

The tetragonal distortion parameter n (Equation (1)) quantifies the elongation or
compression of the anion tetrahedron along the c-axis relative to the a-axis for an ideal
zinc-blend derivative structure with a perfectly cubic unit cell, 7 =1. Deviation from unity
indicates tetragonal distortion of the lattice. The anion positional parameter u (Equation
(2)) defines the position of the chalcogen atom (Te) along the body diagonal of the
tetrahedron. In an ideal chalcopyrite structure, the theoretical value is u=0.25. Deviations
from this ideal value (I Aul = lu - 0.251) reflect anion displacement due to differences in
cation—anion bond strengths and local strain fields. The lattice constants, which are critical
for structural defect characterization, are listed in Table 2. The crystal structure and lattice
parameters were determined by X-ray diffraction (XRD) analysis. The lattice constants
were calculated using Bragg’s law (nA = 2d sin 0), where A is the X-ray wavelength (Cu
Ka, A =1.5406 A), 0 is the diffraction angle, and d is the interplanar spacing. For the cubic
crystal structure, the lattice constant (a) was calculated using the relationship a = AV(h2 +
k2 +12)/(2sin0®), where (h, k, and 1) are the Miller indices of the diffraction peaks. The lattice
constant values reported in Table 2 were obtained by averaging calculations from multiple
diffraction peaks to ensure accuracy. To estimate the experimental uncertainty, each
sample was measured three times. The relative standard deviation was approximately
#2%. As presented in Table 2, the lattice constants of the CIT samples decreased
progressively with SnTe incorporation, indicating lattice contraction induced by the
substitution of Sn ions into the CulnTe: crystal structure. The value of | Aul was increased
from 0.0008 to 0.0052, indicating that the lattice distortion was significantly altered by the
introduction of SnTe. It was proposed that the slight lattice parameter variation originated
from internal lattice mismatch within the CIT samples, which was, in turn, expected to
play a role in determining the thermal transport properties of the SnTe-modified CulnTe:
system [33]. At lower SnTe concentrations (<2 wt%), the primary scattering mechanism is
point-defect scattering induced by the substitutional incorporation of Sn ions into the
CulnTe: lattice. This results in significant lattice distortion, as evidenced by the increased
anion positional parameter deviation |Aul (from 0.0008 in pristine to 0.0052 at x = 2),
which strongly suppresses phonon propagation. However, as the SnTe concentration
exceeds 2 wt%, additional microstructural features emerge that may alter the thermal
transport landscape.

It should be noted that the reduction in thermal conductivity may result from
multiple mechanisms, including porosity, SnTe inclusions, grain boundaries, and Sn
incorporation into the CulnTe: lattice. The present observations suggest that there exists
an optimal SnTe concentration (-2 wt%) at which the phonon-scattering efficiency is
maximized, balancing between sufficient point-defect density and minimal adverse effects
from secondary phase formation. This optimal composition represents a trade-off
between the beneficial effect of enhancing point-defect scattering and the potential
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detrimental impact of excess SnTe on the overall microstructure and thermal conductivity.
However, the relative contribution of each factor requires quantitative analysis that is
beyond the scope of this study. We plan to conduct systematic investigations in our future
work to characterize the microstructure and quantitatively evaluate the contribution of
each scattering mechanism to the overall thermal conductivity.

(a) ——x=0 (b)
3t ——x=05
3t
*—x=1
x=15 &
>—-x=2 X
x=251 %
x=4 ‘L
T 2r
-
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Figure 4. Thermal performance of CIT samples. (a) Thermal conductivity. (b) Lorentz constant; (c)

lattice thermal conductivity; (d) carrier thermal conductivity.

Table 2. The structural defect parameters of CIT samples.

. 2 2 [Aul [Anl
Composition a/A c/A u 14— 025 n “ly-11
CITO 6.1852 12.3910 0.2492 0.0008 1.0017 0.0017
SnTe 5.99 5.99
CIT 0.5 6.1501 12.3992 0.2460 0.0040 1.0080 0.0080
CIT1 6.1334 12.3910 0.2450 0.0050 1.0101 0.0101
CIT 2 6.1323 12.3929 0.2448 0.0052 1.0105 0.0105
CIT 4 6.1852 12.3910 0.2492 0.0008 1.0017 0.0017

The thermoelectric performance of the CIT samples was evaluated by the
dimensionless figure of merit, zT, with its temperature-dependent values shown in Figure
5a. The zT of CIT samples was observed to increase with the temperature. Benefiting from
the combination of enhanced electrical performance and reduced lattice thermal
conductivity, a peak zT value of 0.44 at 675 K was achieved for the CulnTez-2 wt% SnTe
sample, representing a 1.4-fold enhancement compared to the pristine matrix. The average
zT values of CIT samples are shown in Figure 5b. The average zT was calculated by
integrating the temperature-dependent zT curve over the measured temperature range
and dividing by the temperature interval. The average zT value for CulnTe2-2 wt% SnTe
sample was higher than that of the pure CulnTez. Furthermore, a comparison of the
temperature-dependent zT values for several reported p-type CulnTe: materials with
excellent thermoelectric performance is summarized in Figure 5c [28,34-37]. In addition,
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(a)os

pure CulnTez can achieve zT values of up to 1.18 at 850 K through specific preparation
techniques involving Cu-vacancy engineering [38]. More recent studies have reported
even higher zT values: CuosInTe2 achieved zT = 0.9 at 873 K with precision copper
vacancy regulation, and CulnTe2-based alloys with chemical composition modulation
achieved zT =1.51 at 838 K [23,39]. Our work adopted a rapid microwave melting method
combined with SnTe inclusion, which represents an initial exploratory. Nevertheless, we
recognize that the current zT value of 0.44 at 675 K is lower than state-of-the-art CulnTez-
based materials reported in the literature. Future work will focus on further optimizing
the Cu-deficiency level, carrier concentration, and SnTe doping amount to enhance the
thermoelectric performance.
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Figure 5. (a) zT of CIT samples as a function of temperature. (b) The average zT of CIT samples. (c)

The comparison of reported zT for CulnTe2 compound (continuous thin line).

3. Materials and Methods

The stoichiometric CulnTe: and SnTe compounds were fabricated via a cold
pressing-microwave melting method. High-purity copper, indium, and tellurium
powders (Aladdin, 299.99%) were first homogenized by ball milling, and then the mixture
was pressed into bulk precursors. The pressed CulnTe2 was placed into a carbon crucible
and encapsulated in an evacuated silica ampoule. Microwave heating of the encapsulated
sample was conducted for 10 min, after which the ampoule was slowly cooled. Following
the same procedure, crystalline SnTe ingots of high quality were synthesized from
appropriately proportioned mixtures of Sn (99.99%) and Te (99.999%) powders. The
CulnTez and SnTe powders were mixed according to the desired SnTe weight fractions (x
=0,05,1, 2, 4 wt%), and then ball milled for 12 h at a rotational speed of 300 rpm using a
planetary ball mill. Isopropanol was used as the milling medium to prevent oxidation,
and the slurry was dried at 80 °C under vacuum for 24 h after milling. The resulting
composite powders were then densified by rapid hot pressing (RHP) at 673 K for 30 min
under an axial compressive stress of 60 MPa, yielding disc-shaped specimens with
dimensions of @12 x 1.5 mm. Ultimately, the high-density bulk CulnTez-x wt% SnTe (x =
0, 0.5, 1, 2, 4) sample thermoelectric materials were obtained, denoted as CIT 0, CIT 0.5,
CIT 1, CIT 2, and CIT 4, respectively.

The relative density (d) of the CIT specimens was determined using the Archimedes
method. Phase identification was conducted by X-ray diffraction (XRD) with Cu Ka
radiation, over a 20 range of 10-80° at a scanning rate of 4°/min. Under a low-pressure
(=102 Pa) helium atmosphere, electrical performance testing of the samples was conducted
using a Seebeck coefficient/resistance determination system (LSR-3, Linseis, Germany)
from 300 to 750 K to determine the electrical conductivity and Seebeck coefficient. All the
block samples used for testing were ground and polished into disc-shaped samples with
a diameter of -12.7 mm and a thickness of —1.3 mm. Moreover, the thermal conductivity
of the disc-shaped samples was determined using a flash laser thermal conductivity meter
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(LFA1000, Linseis, Germany) in a flowing argon atmosphere within a temperature range
consistent with the electrical properties. The thermal conductivity was derived using the
standard formula x = ApCy, where A, p, and Cp are the thermal diffusivity, density, and
specific heat, respectively. Thermal diffusivity data were collected employing a laser flash
diffusivity instrument. The inherent error associated with this ultrasonic method was
quantified as 1%, arising predominantly from the measurement accuracy of sample
thickness. At ambient temperature, the electrical transport performance parameters.
including hole carrier concentration and carrier mobility, were measured using the
temperature-variable hall effect testing system (CH-100, Beijing, China) in a reversible
magnetic field of 0.5 T.

4. Conclusions

An effective strategy for improving the electrical properties of p-type CulnTe: is
proposed, wherein SnTe incorporation is employed to achieve enhanced thermoelectric
performance. Electrical conductivity of up to 7000 Sm™ at room temperature was achieved
due to the increased carrier concentration upon 4 wt% SnTe addition. The introduction of
lattice distortion and micro-holes into CulnTe: efficiently enhanced phonon scattering
across a wide spectrum of mean free paths. The «i of the CIT sample decreased from 3.4
Wm K to 2.3 WmK™ at room temperature, while the electrical properties remained
undegraded. As a result, an average zT of 0.16 was attained in p-type CulnTe:-based
compounds. This work demonstrates an alternative strategy for simultaneously
optimizing carrier concentration and thermal conductivity, providing a novel route to
enhancing the thermoelectric performance of copper-based ternary compounds.
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