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We report a significant reduction in the lattice thermal conductivity of the CoSb3
skuttertudites, doped with chalcogen atoms. Te/Se chalcogen atoms doped CoSb3
skutterudite samples (Te0.1Co4Sb12, Se0.1Co4Sb12, Te0.05Se0.05Co4Sb12) are processed
by ball milling and spark plasma sintering. X-ray diffraction data combined with
energy dispersive X-ray spectra indicate the doping of Te/Se chalcogen atoms in
the skutterudite. The temperature dependent X-ray diffraction confirms the stability
of the Te/Se doped CoSb3 skutterudite phase and absence of any secondary phase
in the temperature range starting from 300 K to 773 K. The Raman spectroscopy reveals that different chalcogen dopant atoms cause different resonant optical vibrational modes between the dopant atom and the host CoSb3 skutterudite
lattice. These optical vibrational modes do scatter heat carrying acoustic phonons
in a different spectral range. It was found that among the Te/Se chalcogen atoms,
Te atoms alter the host CoSb3 skutterudite lattice vibrations to a larger extent
than Se atoms, and can potentially scatter more Sb related acoustic phonons. The
Debye model of lattice thermal conductivity confirms that the resonant phonon
scattering has important contributions to the reduction of lattice thermal conductivity in CoSb3 skutterudites doped with Te/Se chalcogen atoms. Lattice thermal
conductivity ∼ 0.9 W/mK at 773 K is achieved in Te0.1Co4Sb12 skutterudites,
which is the lowest value reported so far in CoSb3 skutterudites, doped with single Te chalcogen atom. C 2016 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). [http://dx.doi.org/10.1063/1.4959102]
I. INTRODUCTION

Chemical substitution and cage filling of the CoSb3 skutterudites draw enormous attention in
the last two decades due to their enhanced thermoelectric properties in the intermediate temperature
range starting from 600 K to 800 K.1–3 Skutterudites have cubic structures with space group Im3̄.
Each unit cell of skutterudite consists of eight formula units having six Sb4 pnicogen rings and two
voids/cages. Atoms having an ionic radius lower than the cage radius can fill these voids/cages.
As proposed by Slack, phonon-glass-electron-crystal model in skutterudites can be achieved by
partial or complete filling of these cages with the filling atoms, called as fillers. Fillers act as
“rattlers” to enhance the phonon scattering and reduce the thermal conductivity (k).4–8 Reducing
the thermal conductivity is the important factor for thermoelectric materials, because it enhances
the figure of merit (ZT), which is represented by ZT=S2T/ρk. The parameters S and ρ are the
Seebeck coefficient and electrical resistivity of the materials respectively at absolute temperature T.
It is known that in a semiconductor like CoSb3 skutterudites, k is the combined effect of electronic
thermal conductivity (ke) and lattice thermal conductivity (kL). In the filled skutterudites, the fillers
provide an additional phonon scattering channel known as resonant scattering, which enhances
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the total phonon scattering and lowers the lattice thermal conductivity (kL). Filling the cages with
different elements create different resonant phonon frequencies. Several groups attempted to reveal
the changes in the phonon vibrational modes of the rare-earth filled skutterudites using infrared
absorption spectroscopy,9 heat capacity measurement,10,11 Raman spectroscopy12–15 and neutron
scattering techniques.16 In-elastic neutron scattering was used to determine the low-energy localized vibrational modes of the filler atoms. Neutron spectroscopy and ab initio calculations of the
rare-earth (La- and Ce) filled Fe4Sb12 skutterudites showed that quasi-harmonic coupling between
the filler and the host skutterudite lattice reduces the lattice thermal conductivity of skutterudites.16
However, molecular dynamics simulations showed that anharmonic interactions, lattice distortions
and weaker interatomic interaction between the host and the fillers reduce the kL.16–18 Several works
on filled skutterudites have too addressed the lattice dynamics of the misch-metal filled skutterudites using ultrafast spectroscopy and Raman scattering.16,19 To date, the exact role of these filler
atoms in tailoring the lattice thermal conductivity in skutterudites remains as an open question.
The effect of rare-earth (La, Ce) fillers on the lattice vibration of CoSb3 skutterudite lattice is
well studied,10–20 but the effect of comparatively lighter and smaller chalcogen filler atoms (Se, Te)
on the lattice vibration of skutterudites is scarce in the literature. Although, the reports on Te/Se
substitution in place of Sb in CoSb3 skutterudites are discussed,21–28 the multiple advantages of
filling Te/Se are largely ignored. In this work, we target the influence of Te/Se chalcogen filler
atoms on the phase stability and lattice thermal conductivity reduction of CoSb3 skutterudites. Filling of Te/Se in the cages/voids could reduce the lattice thermal conductivity of CoSb3 skutterudites
to a larger extent due to the additional phonon scattering arising from the random oscillations of
the loosely bound fillers inside the cages. In contrast, substituting Te/Se in place of Sb in the Sb4
ring makes a bond between Sb and Te/Se and hence cannot contribute more towards the change
of phonon modes. In order to investigate the exact role of the chalcogen filler atoms, present
samples of chalcogen atoms (Te, Se) filled CoSb3 skutterudites were processed using ball milling
followed by spark plasma sintering keeping the composition of Co:Sb as 1:3. X-ray diffraction
data combined with energy dispersive X-ray spectrum indicate that in all the cases, the skutterudite
lattice was being successfully doped with Te/Se chalcogen atoms. To address the effect of Te/Se
chalcogen dopant atoms on the lattice vibration of the Te/Se doped skutterudites, phase evolution
of the skutterudite lattice as a function of temperature, the stability of the phase and the presence
of secondary/impurity phase were investigated by temperature dependent X-ray diffraction. The
Raman spectroscopy investigation of the samples indicated the different optical phonon vibrational
modes, which is an important finding to understand the phonon scattering mechanism due to the
optical phonon resonance modes. The Debye model has been used to understand the role of different
phonon scattering mechanisms in reducing the lattice thermal conductivity (kL). It was observed that
among the chalcogen atoms, Te has a strong interaction with the host skuttterudite lattice to enhance
the resonant vibrational phonon scattering, the point defect scattering and the phonon-phonon Umklapp scattering, those in turn help to reduce kL to a large extent. The theoretically evaluated kL
from the Debye model is in good agreement with our experimentally measured kL of the CoSb3
skutterudite samples, doped with Te/Se chalcogen atoms.
II. EXPERIMENTS

Chalcogen atoms (Te and Se) doped CoSb3 skutterudites samples were processed using ball
milling and spark plasma sintering (SPS) as described elsewhere.29 We have processed three samples namely Te0.1Co4Sb12, Se0.1Co4Sb12 and Te0.05Se0.05Co4Sb12, which will be denoted as Te0.1,
Se0.1 and Te0.05Se0.05 respectively for Te0.1Co4Sb12, Se0.1Co4Sb12 and Te0.05Se0.05Co4Sb12, for easy
reference in the rest part of the text. Te0.05Se0.05 sample has been studied to investigate the effect
of binary fillers on the phase stability and lattice vibrations. Compositional analyses of the samples
have been carried out using scanning electron microscope (ZEISS MERLIN SEM) having EDAX
detector. In–situ temperature dependent X-ray diffraction investigations from room temperature to
773 K have been carried out using Rigaku Smart lab X-ray diffractometer. The samples were heated
at the rate of 10 K/min in vacuum and XRD spectra were recorded at each 100 K interval. The
Stoke’s Raman spectra were collected on the samples by utilizing LabRam Horiba Jobin-Yvon
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TABLE I. Physical parameters calculated for all the samples.

Sample
Te0.1
Se0.1
Te0.05Se0.05
CoSb331

Density
(g/cc)

CTE
(10−6K−1)

Grain size
(nm)

Lower Ag mode
(cm−1)

Peak width
(cm−1)

8.01
8.0
7.9
8.03

8.02
8.03
8.02
6-11

59
53
55
NA

148.6
151
149.5
150

5
4
4.5
NA

Raman Spectrometer using 633 nm excitation source, a 600 lines/mm diffraction grating and a CCD
detector cooled at 203 K. Each spectrum at a particular temperature was obtained by averaging 10
spectra recorded with integration time of 20 sec. The temperature dependent thermal conductivity
from room temperature to 773 K was performed using transient plane source technique provided
by M/s Hot Disk system, Sweden. The experimental detail of the Hot Disk instrument is discussed
in our earlier publication.29 The uncertainty in the thermal conductivity data measured by M/s Hot
Disk system is ±5%.

III. RESULTS AND DISCUSSIONS
A. SEM and XRD investigation

From Archimedes principle, the density of the samples has been evaluated and presented in
Table I. It is observed that the samples are of high density with ∼99% of theoretical density. X-ray
energy dispersive spectroscopy (EDS) mapping combined with the scanning electron microscope
(SEM) of Te0.1 sample is shown in Fig. 1 (a and b), which confirms that Co, Sb and Te are distributed uniformly throughout the surface of Te0.1 sample. It means that the sample is homogenous and
the corresponding composition analysis (Table in Fig. 1) proves that the atomic percentage of Co,
Sb and Te are matching to the Te0.1Co4Sb12 composition. It indicates that the dopant Te/Se atoms

FIG. 1. Elemental mapping (a) and composition analysis (b) of Co, Sb and Te on the Te0.1 sample surface using EDS. The
atomic percent of Co, Sb and Te refers to the Te0.1 sample. (c) shows the high resolution SEM image to look at the distribution
of grains in Te0.1 sample.
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may be entering into the cages of the skutterudite lattice. To know the distribution of grain size
of the samples, high resolution SEM has been carried out on the fracture surface of the samples.
Fig. 1(c) presents the SEM image of Te0.1 sample. The average grain size has been calculated using
image J software and is found to be in the submicron range (150nm-200nm). Similar results have
been observed in Se0.05 and Te0.05Se0.05 samples. XRD patterns recorded at room temperature for
the aforementioned samples are shown in Fig. 2(a). It shows the formation of the CoSb3 skutterudite phase and none of the filler/dopant has precipitated out.23 No separate Sb peak is observed
in the XRD patterns of the samples reported here. However, the absence of separate Sb peak not
necessarily indicates the cage filling of the skuterudite lattice by Te/Se dopant because of the poor
sensitivity of XRD measurements for 1 wt% of Sb.30 Therefore, two scenarii may arise; a) Te/Se
is occupying the voids of the skuterudite lattice or b) Te/Se is substituting the Sb from Sb4 ring of
the skutterudite lattice. Within accuracy of XRD and SEM measurements, both the aforementioned
scenarii are equally likely to occur. In-situ temperature dependent XRD has been performed from
room temperature to 773 K to see the stability of the phase as well as the precipitation of Te/Se
at higher temperature and is presented in Fig. 2(b) for Te0.05Se0.05 sample. It confirms that the
skutterudite phase is stable up to 773 K and there is no precipitation till 773 K. Similar behavior
of the temperature dependent XRD pattern is observed in Te0.1 and Se0.1 samples (not shown). The
most intense (013) Bragg peak at 2θ = 31.2◦ (inset of Fig. 2(b)) shifts towards the lower diffraction angle with increase in temperature owing to the purely thermal expansion of the lattice. The
lattice parameters were calculated using Rietveld refinement of XRD data in X’pert High Score
software (Fig. 2(c)). As shown in Fig. 2(d), the increase of lattice parameter with T can be explained
through thermal expansion mechanism. The coefficients of thermal expansion (α) of the samples

FIG. 2. (a) Room temperature XRD of the three samples (Te0.1, Se0.1 and Te0.05Se0.05). The inset shows the close-up of the
most intense peak. (b) Shows the in-situ high temperature XRD of Te0.05Se0.05 sample from 300 K to 773K, inset shows
the shifting of the most intense Bragg peak with T. (c) shows the Rietveld refinement of Te0.1 XRD data at 300 K. (d) shows
the variation of lattice parameter of all the samples with increase in T calculated from Rietveld refinement data.
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(Te0.1, Se0.1, Te0.05Se0.05) are evaluated using the formula: LT=L0 (1+α x (T-300)) (linear fit of the
lattice parameter with T), where LT and L0 are the lattice parameters at temperature T and 300 K
respectively. It is observed that the α (Table I) (∼ 8 x 10−6 K−1) of our sample is nearly equal
to the Yb filled CoSb3 skutterudites (8.17 x 10−6 K−1).31 The stability of the lattice with T is the
important finding to maintain the thermoelectric properties of the samples at higher temperatures.
The little asymmetry observed in the most intense peak (inset in Fig. 2(a)) is attributed to the defects
generated in the samples during the synthesis through plasma sintering route. From the most intense
(013) Bragg peak, crystallite size of each sample has been evaluated using the Scherer’s formula
and is presented in Table I. The crystallite sizes of of Te0.1, Se0.1, Te0.05Se0.05 samples are 54, 53 and
55 nm respectively.
B. Raman spectroscopy study

To understand the effect of Se and Te doping on the optical phonon vibrational modes of the
CoSb3 skutterudite lattice, the Raman spectra were collected on the studied samples. Generally, the
lattice vibration is associated with both the optical and the acoustic phonon modes. Since the group
velocity of the optical phonon is very low compared to the acoustic phonons, the former rarely
contributes to the lattice thermal conduction32 but may disturb the acoustic phonons to create the
lattice thermal resistance. Those optical phonon modes can be detected by Raman spectroscopy.
Typically, the unfilled skutterudites have 19 optical modes (6Fu + 4Fg + 2Au + 2Ag + 3Eu + 2Eg).
Among these optical modes, 9 modes (Fu + 4Fg + 2Eg + 2Ag) are Raman active and 9 are infrared
active.14,33 The nine Raman active phonon modes could be assigned as the vibrations of the fillers
and the Sb atoms in the Sb4 rectangle. The most intense eigen mode (Ag) in skutterudites is the
“symmetric breathing modes” of the Sb4 rings which is referred to as the coupled resonance mode.
Two such modes arise due to the fact that the Sb4 rings are not exactly square. The significance of
the various Raman modes has been discussed earlier.12–14 The higher Ag energy mode is presumably
due to the stretching of the shorter Sb-Sb bond and the lower Ag energy mode is the stretching
of the longer Sb-Sb bond. Neutron diffraction study14 shows that Co has a much lower phonon
density of states than Sb atoms in the CoSb3 skutterudites and hence hardly contributes to the
phonon conduction in the samples. Therefore, it is worth to study the Sb vibrational modes using
Raman spectroscopy. In our samples, we observe seven Raman peaks above 100 cm−1 (Fig. 3(a)).
Similar observations have been reported in the rare-earth atoms filled skutterudites.14,15,18 There is
no separate Raman mode for the doped Te/Se chalcogen atom. The shifting of the lower Ag mode
in Te0.1 sample towards the lower energy site indicates the higher bond length in Te0.1 sample
compared to Se0.1 and Te0.05Se0.05 samples.34 The broad Ag peak (Fig. 3(a)) represents the disorder

FIG. 3. (a) Raman spectra of all the investigated samples at 300 K. The dashed line represents the shifting of lower Ag mode.
(b) In-situ high temperature Raman spectroscopy of Te0.1 sample at 373 K, 573 K and 773 K. The dashed arrow represents
the lower Ag mode.
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TABLE II. Ag Raman peak position, Ag peak width, electrical resistivity, electronic thermal conductivity (ke), total thermal
conductivity (k) and lattice thermal conductivity (kL) of the Te0.1 sample at different temperatures.
T(K)
(cm−1)

Ag peak position
Ag peak width (cm−1)
Electrical resistivity (10−5 Ω.m)
ke (W/mK)
k (W/mK)
kL (W/mK)

300

373

473

573

673

773

148
5
14.8
0.04
1.6
1.56

148
5.5
14.4
0.05
1.5
1.45

148
6
13.7
0.07
1.37
1.3

148
6
12.1
0.1
1.3
1.2

148
6.5
9.5
0.14
1.19
1.05

148
7
6.8
0.23
1.13
0.9

induced in the host lattice due to the doped Te/Se chalcogen atoms. The lower Ag peak positions and
corresponding line-widths (full width at half maxima) are denoted in Table I. The broadening of the
Ag peak in Te0.1 is due to the fact that Te is heavier than Se and hence the lattice distortion in Te0.1
is much more than Se0.1 and Te0.05Se0.05. It can also be concluded that in Te0.05Se0.05 sample, even
though two different chalcogen atoms are present, it is difficult to produce more distortion in Sb
vibrations due to the smaller size of Se atom. From the study of the resonant oscillator spectroscopy
by Wang et al.,35 it is clear that the lower Ag mode is nearly equal to the resonant frequency of the
filled CoSb3 skutterudites with uncertainty ≤ ±1%. Hence, we have considered the lower Ag mode
of the studied samples as resonant optical vibrational modes and evaluated the corresponding the
resonant frequency of all the samples (Table III). The temperature dependent Raman spectroscopy
of one of the samples (Te0.1) is presented in Fig. 3(b). It revealed that there is almost no energy shift
of the lower Ag mode with temperatures, which concludes the minimal stretching of the bond length
at higher T. The similar observation is also confirmed from the temperature dependent XRD study
of the investigated samples (Fig. 2(d)). While the change of bond length is little, the increase of the
peak width with increase in T (Table II) indicates that at higher T, more distortions are induced in
the CoSb3 skutterudite lattice, doped with Te/Se chalcogen atoms.

C. Evaluation of the lattice thermal conductivity using the Debye model and comparison
with the experimental values

To see the effect of Te/Se chalcogen atoms as fillers/dopants on the lattice thermal conductivity
(kL) of the doped skutterudites, kL of the samples were evaluated using the Debye model,36,37
kL =
Where, x =

(
) 3  θD/T
x4ex
kB kBT
dx
2
−1
2π vS }
τ (ex − 1)2
0

(1)

}ω
kBT ,

κB is the Boltzmann constant and θD is the Debye temperature which is evaluated
( 2 ) 1/3
from the Debye frequency ωD as: }ωD = KBθD and ωD = 6Π
vS.36 V is the lattice volume,
V
which can be calculated from the lattice parameter evaluated from the XRD data and υS is the sound
velocity. The values of ωD, θD and υS are tabulated in Table III. The most important factor in the

TABLE III. Physical parameters used to model the lattice thermal conductivity.
Parameters
θD (K)
ωD (Hz)
Resonant frequency (Ω) (Hz)
υ S (m/s)
mi (g)

Te0.1

Se0.1

Te0.05Se0.05

273
6.35e+13
4.45e+12
3000
127.6

280
7.354e+13
4.53e+12
3000
78.96

275
6.754e+13
4.51e+12
3000
104.28
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Debye model is the total phonon scattering rate τ−1 and is represented as:
−1
−1
−1
τ−1 = τ−1
b + τp + τU + τreso

(2)

−1
−1
−1
Where τ−1
b , τp , τU and τreso are the phonon scattering rates due to the boundary scattering, the
point defects scattering, the phonon-phonon Umklapp scattering and the phonon resonant scattering
respectively. τ−1
b contributes least to the phonon scattering in the skutterudites due to the submicron
size grains present in the investigated( samples. The major phonon scattering
rates in our system
) 2)
4
 (
Vx4KB
mi 2
2γ2KB3V1/3x2 3
ri
19,31 −1
4 
−1
can be written as
: τP = 4Π}4v3 T
fi 1 − m + fi 1 − r(1+α(T−300) , τU = (6Π
2)1/3}2v3 M T ,

τ−1
reso =

CKB2x2
2 2

S

S

T2. The original equations of the individual phonon scattering rates are writ-

K x
}2(Ω2− B 2 T2)2
}
19,31

ten in terms of ω
and we have rewritten the individual phonon scattering rates in terms of x
(x = k}ωT ) for the betterment to solve the integration in Eq. (1).
B
The parameter “V” increases with T as the lattice parameter increases with T, mi is the mass of
the filler atom in the cage, m is the mass of the lattice, r is the interatomic distance, fi is the number
ratio of the dopant atoms to the host lattice atoms. Ω is the resonant phonon frequency at room
temperature evaluated from the Raman spectroscopy data. The point defect scattering arrives from
the difference of lattice mass between the doped atoms and the Sb. “γ” is the Grüneisen parameter
and is considered as 1 for all the samples. The scattering rates due to the Umklapp scattering,
resonance scattering, point defects scattering and the total phonon scattering were calculated and
plotted in Fig. 4(a)-4(d). The lines in Fig. 5 show the variation of kL with T calculated from Eq. (1)
and Eq. (2). The novelty of our work is that we have calculated the individual phonon scattering
rates and evaluated the theoretical kL using the Debye model (Eq. (1)). This contradicts the other
published works on kL because phonon scattering rates in those works were evaluated by fitting
the experimental kL data with the Debye model.19 Our calculation (Fig. 4) reveals that interaction
between the Te/Se chalcogen atoms and the CoSb3 skutterudite lattice reduces the lattice thermal
conductivity due to the combined effect of the Umklapp scattering and the resonant vibrational
modes. Unlike the rattling modes, which are associated with random and independent motions of
the filling atoms, the resonant mode involves phase-matched relative motions of the host lattice and

FIG. 4. (a) Umklapp phonon scattering rate, (b) resonance scattering rate, (c) point defect phonon scattering rate and (d)
total phonon scattering rate of the samples evaluated from the Debye model.
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FIG. 5. Points show the measured lattice thermal conductivity values using Hot disk instrument and the corresponding line
shows the theoretical lattice thermal conductivity values evaluated from the Debye model.

the filling atoms.31,35 The point defect scatterings do have a considerable influence on the lattice
thermal conductivity reduction and it increase with increase in T due to the introduction of more
defects at higher T. It is observed that both the Umklapp scattering and the point defect scattering
increase with T whereas the resonant scattering slightly decreases with T (decrease of resonance
scattering rates between 300 K and 773 K for Te0.1 sample is ∼ 11%), but its value is still higher
(∼ 3.3 × 1012 S−1 for Te0.1 sample at 773 K) than the point defect scattering (∼ 2.05 × 1012 S−1 for
Te0.1 sample at 773 K). Compared to the above phonon scattering rates, the boundary scattering rate
vs
10 −1
is two orders lower (τ−1
in our samples) and hence, does not contribute much
b = grain size ∼ 10 S
to the total phonon scattering rate in our investigated samples. To compare the theoretically evaluated kL with the experimental values, we measured total k experimentally using the Hot Disk instrument.28 Experimental kL was then determined by subtracting the electronic thermal conductivity
from k. The measured electrical resistivity, electronic thermal conductivity, total thermal conductivity (k) and the lattice thermal conductivity (kL) of Te0.1 sample are given in Table III. Fig. 5
shows the comparison of the experimental kL (points in the graph) with the theoretically evaluated
values (corresponding lines in the graph). It is observed that theoretically evaluated kL explains the
experimental kL reasonable well. Te0.1 sample shows the lowest kL (0.9 W/mK at 773 K) compared
to the other Te substituted CoSb3 sample (∼2W/mK at 773 K for CoSb2.85Te0.15).22 Therefore,
it can be concluded that doping with Te atom helps in further reduction of the lattice thermal
conductivity due to the enhancement of Umklapp scattering and phonon resonant scattering of the
doped CoSb3 skutterudites. Since Te0.1 sample has lowest kL, it can be used as a potential material
for use in the intermediate temperature (600 K-800 K) thermoelectric applications provided the
electrical conductivity and the thermopower of these materials could be enhanced. Further doping
(filling/substitution) of Te0.1 (Te0.1Co4Sb12) sample with suitable chemical elements may reduce the
lattice thermal conductivity to more extent. Table IV contains the comparison of the lattice thermal
conductivity data of Te0.1 sample with the previously reported Te substituted CoSb3 skutterudites

TABLE IV. Comparison of lattice thermal conductivity between Te0.1 with the published Te doped CoSb3 skutterudites. No
data is available on Te filled skutterudites.
Sample
T(K)
kL (W/mK)

Te0.1 (present study)

CoTe2.85Te0.1522

CoSb2.825Te0.1575S0.017524

CoSb2.75Te0.125Ge0.12525

773
0.9

773
2.0

773
1.4

773
2.3
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as there are no published data for Te filled skutterudites. It shows that Te chalcogen atom is more
effective in reducing the lattice thermal conductivity of the CoSb3 skutterudites.
IV. CONCLUSIONS

In summary, we have investigated the temperature dependent phase stability and lattice vibration of the CoSb3 skutterudites, doped with Te and Se chalcogen atoms. X-ray diffraction data
combined with energy dispersive X-ray spectroscopy confirm that in all the cases, Te/Se chalcogen
atoms are being doped to the skutterudite lattice and the elements are distributed homogeneously
throughout the sample. The skutterudite phase is stable till 773 K and there is no evolution of any
secondary phase. The Raman spectroscopy study confirms that dopant Te atoms induce more disorder in the skutterudite lattice compared to Se atoms. Calculations using the Debye model suggest
that both the Umklapp scattering and the resonant phonon scattering dominate the total phonon
scatterings. The point defect scattering contributes comparatively less to reduce the lattice thermal
conductivity in skutterudites doped with Te/Se chalcogen atoms. It is also observed that the resonant
phonon scattering decreases marginally with increase in temperature. It may be concluded that additional doping of Te0.1Co4Sb12 sample with suitable elements will further reduce the lattice thermal
conductivity and hence it can be used as a potential thermoelectric material in the intermediate
temperature range if its thermopower and electrical conductivity will be improved.
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